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The Agricultural Revolution
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What Is Disaster?
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And, now, a recipe for disaster!
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Scale/ Loss of Functionality/Social impact

Global,
Individual Local Gov. Central Gov. National Gov.  International

]

PANDERIC

Accident Emergency  Disaster Catasirophe Pandemic
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Global Distribution of Highest Risk Disaster Hotspots by Hazard Type
Mortality Risks

High Mortality Risk
Top 3 Deciles at Risk from:

[ | Drought Only .- =
- Geophysical Only
I Hvdro Only

[ orought and Hydro

Ge R s Center for Hazards and Risk Research
I Geophysical and Hydro The Earth Institute at Columbia University
l:l Drought and Geophysical www. ldeo.columbia.edu/chrr/research/hotspots

I Croucht, Hydro and Geophysical

X - Sowurce: Figure 1.2a. Natural Disaster Hotspots - A Global Risk Analysiz
Mote: Geophysical hazards include earthquakes and volcanoes; ©2005 The World Bank and Columbia Univeristy
hydrological hazards include floods. cyclones. and landslides.




Extreme weather 25 June - 5 July, 2012

UK - Torrential rain

Arctic - Satellite images of the

Thi:r';&nlmd ) & flash floods Arlic have shown 588 e levels
reenland
ice-shaet Is set for are at their lowaslt since records
another record melt began in 1676
- India - Flpods displane
Flash I'Iu-uds & hndslldas 800,000 and cause 27
cause over 100 deaths & gdeatns in Assam
. ; leave 250,000 strandad
s ey sk r i
across the U5, rages across Nortagg
Virginia killing at least
13 people North/South Korea -
The most severe drought
on record
Uganda - A landslide
USA - Wildfires force devastated two
the evacuation of villages, killing
35.000 peaple fram The Horn of Africa - aboul 30 people
Colorado Springs Severe drought continues and leaving more
leaving tens of millions than 100 missing
facing severe food shortage
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Climate change
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increased precipitation peaks

irregular river discharges

decreased sedimentation
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City Climate
Hazard Taxonomy

C40’s classification of city-specific climate hazards
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Implications on Societal Processes

Environmental

Processes Societal
Processes
Climate £ .
Variability Growd
Climate o o
Change Urbanization
Erwir tal Governance
Change
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What can we do about Disasters?

Carteon by Anthony Lewis



Well Prepared before it happens




Disaster Management Cycle

RESPONSE
PHASE

RECOVERY
PHASE

MITIGATION
PHASE
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» Crisis Response + Risk Management

— Reactive — Proactive
— Less coordination — Monitoring/Warning

— Low — Well-Preparation
efficiency/effectiveness

~ High lass/damage
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Risk Science

Disaster Recovery t-di
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Synergetic paradigm for disaster risk governance and
sustainable development.

Disaster
Prevention

nt

Disaster
Relief

. \ y g Disaster
Policy Resource - Security y Resilience

Source Adapted from Shi (2008b)


https://link.springer.com/article/10.1007/s13753-020-00296-5#ref-CR66

How to in risk management

» Define Risk
— Hazard

— Exposure

— Vulnerability

o Risk Analysis
— Loss estimation
— Risk Map




Principle of Crocodile

* |dentify the risk




Principle of Crocodile

* Evaluate the risk




Principle of Crocodile




Principle of Crocodile

e Substitute the risk




Principle of Crocodile

* |solate the risk




Principle of Crocodile




Principle of Crocodile

Or else.......... Run away !




Risk

« Risk is potential of losing something of value.

— Values (such as physical health, social status, emotional
well-being or financial wealth) can be gained or lost when
taking risk resulting from a given action or inaction,
foreseen or unforeseen.

by wikipedia

« Risk can also be defined as the intentional interaction

. with uncertainty.

— Uncertainty is a potential, unpredictable, unmeasurable and
uncontrollable outcome;

« Risk is a consequence of action taken in spite of
uncertainty.

* Negative



Risk

: Negative
Negative events g
Man-induced: Fire chemical terrorism

Natural: Hurricane earthquake, flood, drought
Societal: Public health/safety, information/cyber

Probable events Future

May/may not occurrence

Linked with occurrence probability
Uncertainty

Future time span



Traditional Perspectives

 Probability of single event occurrence

Airplane crash probability is about 1 to
5,074,091

The death rate for lung cancer
* The consequence of an event

The number of casualty in a earthquake
with scale of 9.0



Risk Is
effect of uncertainty
on objectives




Risk Identification

« describing risks

— Involves the identification of risk sources,
events, their causes and their potential
consequences.

— can involve historical data, theoretical
analysis,

/nformed and expert opinions, and
stakeholder’s needs.

— structured statement of risk usually
containing four elements. sources, events,
causes and consequences



Risk Analysis

* Process to comprehend the nature of
risk and to determine the level of risk

— Risk analysis provides the basis for risk
evaluation and decisions about risk
treatment

— Risk analysis includes risk estimation




Risk Analysis

« Hazard
— source of potential harm

« Wulnerability

— Intrinsic properties of something resulting in susceptibility to a risk source
that can lead to an event with a consequence

o Exposure

— extent to which an organization andyor stakeholder is subject to an event

« Consequence

— outcome of an event affecting objectives

o May be certain/uncertain ; positive/neqgative, qualitative/quantitative.
* Resilience

— adaptive capacity of an organization in a complex and changing
environment



Risk Analysis
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Risk Analysis
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L

Risk Analysis .
,a“ use mange

NE-A S
(Exposure)

(Vulnerability) & A:
. countermeasure

Risk(Present) » Goes Up Risk by CC » Risk mangement |




Risk Analysis

‘ Receptor

. RISK 4

atway.



http://www.gardguide.com/index.php/Image:ConceptualRisk-BasedApproach.gif

Mf}jil Integrated Flood

Reduce flood hazard Risk Management
Restore wetlands
Build green infrastructure
Protect against floods %
Build embankments and
flood barriers ,E

Regulate land use @
Put setback lines, building ® m
restrictions and flood =L
procfing in place
Raise awareness and
preparedness —
Early warning systems m g
-

Evacuation plans
Flood hazard maps

r4
2
=
U
=
[m]
w
&
=
4
[

Mitigate residual risk
Emergency response
Insurance/Relief funds
Recovery plans

SOURCE * = £# paTHwaAY il & ~  RECEPTOR jgh At

T ASSOCIATED PROGRAMME ON FLOOD MANAGEMENT Global Water
ORGANIZATION wwwifloodmanagement.info/guidance-document ' Partnership




Risk Analysis




homework

 Source-Pathway-Receptor-Consequence
of JN8= Z=AL

_x__ll-g- A|-E':I CI:)cu=ID L!




Natural Risk Component

« Hazard (Potential)
— Environmental factors
— Triggering events

« Exposure

— Population

— Physical (building/infrastructure)
— Services/Functions

« Wulnerability

— Severity

— Receptors (Category, Resilience, Preparation)
— Adaption (social vulnerability)

« Risk
— Integrate all above with probability concepts



Natural Risk Component

Y

|

22 *°  Environment

ical

5 Equipment()

Risk Level
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Hazard Categories

o Natural hazards

— hurricane, earthquake, landslide, flood,
drought, tornado, frozen, heat......

« Jechnological hazards
— Industrial, chemical/poison, fire, {g

7 O

E"Z

information ...... % .
« Societal hazards
— War, epidemic, violence, terrorism,
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Hazard Potential

Hazard is the inherent properties of a
substance, object or activity with a

potential for adverse, or harmiul, effects to
occur.
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Environment/ Triggering

Filing cabingt drower laft opan Someone could trip and
CAUSE injury Ta
themselves

Health and Sefety Hazard



Hazard

Hazard / exposure
Haz

Crane

vs Damage/Loss

Crane

Trigger event

Rupture

]

Accident

(i.e., damage to people,
the environment and/or
material assets)



Exposure

« Exposure is a guantitative measurement
of the extent to Wh/Ch a given hazard is
present. P S EEseSsELE
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Exposure

RISK

HAZARD x EXPOSURE
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Anatomy of Risk

Hazard

Accidental
event

Deviation

—>

Accident

Material/energy
contained and
controlled during
normal operation
- Toxicity

- Flammability

- Reactivity

- Elevated pressure
- Etc.

Initiating event of
process upset;
start of accident
event sequence

- Mechanical failure
- Proceduiral error
- External force

- Fouling

- Etc.

Excursion beyond
design/operating
limits

- No flow

- High temperature

- Low level

- Impurities

- Wrong material

- Step omitted

Loss of

containment of

process

material/energy

- Fire

- Explosion

- Hazardous matenal
release, etc.

- Other energy release

Impact

Severity of

consequences,

losses

- linesses, injuries
death

- Property damage

- Business interruption

- Environmental damage

- Ete.



Vulnerability

» Vulnerability is the relationship between
event scales and impact consequences




Terminology

Disaster Language

Risk likelihood of harm, loss, disaster

Hazard physical impact of disturbance

Exposure elements affected by hazard

capacity of community to prepare,

Vulnerability absorb, recover from hazard

Risk = Hazard x Exposure x Vulnerability


http://www.google.co.kr/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwisqMLPzvTOAhWBkpQKHfycDs0QjRwIBw&url=http://slideplayer.com/slide/5810936/&bvm=bv.131783435,d.dGo&psig=AFQjCNG3L-4lljpAuSbFlyuIEFKgLPPUsA&ust=1473040334610256

Homework #2
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Natural Hazard Risk

* Risk=EAD = [x X f(x)

— X : Loss from a specific event

— f(x): probability density of x to occur

Expected loss with some specific period
— Expected Annual Damage (EAD)

o

Damage= Severity % Exposure % Vulnerability

N Average annual lood loss

Los

e,

-

T

p—

0

Exceedance probahility



Risk = Expected Loss

« May be misleading for extreme event
— Low occurrence probability

— The meaning of “Annual expected loss
100b”

@ 100 b for every year

@ 1000 b for the next ten years

3 10000 b for the next 100 years




Risk = Expected Loss

Hazard Vulnerability

=




Most simple: risk = expos

Spatial overlay of:
= a hazard footprint of a particular event;
= and elements at risk.

Gives the number of elements at risk affected.

Useful first approach
Also a step in
advanced risk

assessment
Vulnerability is not used in this simple context.
Elements at risk: Hazard: Exposed  Not exposed
Building footprint Hazard footprint |
g

.| GIS map overlay

6_’ |

1T

2 BTE anicociond Imvoror ofde

=
ity JL UNITED HATICHKS
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Risk Handling Approaches

« Avoidance
* Reduction
 Transferring
* Retention




Reduction

—Avoidance

* No development on flood-prone regions
—Prevention

« Reduce the hazards

 Preparedness

« Monitoring/Warning E ’}"

—Protection Iz 15 @ '
l "

e Dike/Pumping C

 Flood gate



Retention

Deductible

« —Captive insurance

« —Self insurance

« —Self assumption

« With reserves or funding
« Without reserves/funding



Risk
Management

Hazard estmation

Vulnerability analv=is
. ) /?Lr,k assessment
Risk analysis

Disaster
Tesponse

| Emergency
help-rescue

|Humanitarian
assistance

Eecon-
struction

!

4

L i

i

Risk control i Rls}.:
financing
I
! + | ! v
; ! € Preparedness Hedzing Insurance Detention
improvement = F
Technical Planning
disaster |+ Force
measures :
relief
Non- Early
technical warning and |« Semui-force
Measures evacuation

Liberty




Climate Change & Disaster

N

g k f 5

a o Adaptive Capaci
3. | s pecty Environment

=
-
Climate Change g
Stresses % -
o
<

Climate System

Society

g e 4 Economy
£
‘\
Atmospheric Greenhouse Gas

Greenhouse Gas
Emission and
Concentration

Scenarios )

1 Emission
L]




Climate Change & Disaster

A

Common concerns

Gradual effects of Increased frequency Non climate-
climate change, and/or intensity of related hazards,
e.g. sea level rise, climate-related hazards, e.g. earthquakes,
air temperature e.g. floods, storms, droughts,  RRt:UIEECHeU e RS
increase, snowmeit. landslides. chemical spills.

Pattern/Characteristics

Change (Long term) Other

Disaster Risk Reduction Disasters

Extreme Climate (Short term)
hazards



Climate Change & Disaster
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(

Rising warm air
inhibat by Inversion




Inadequately designed
and maintained
infrastructure

Increased urbanisation

Changing weather t

patterns due to Fragmented management

climate change structures



RAINFALL SPECTRUM

Percentage of
Annual Volume

INTEGRATED STRATEGY

v

Keep Rain Delay the Reduce
on Site Runoff Flooding

Water
Balance
odeling

Conventional

Nesie

-----

Groundwater Flow




EFFECTS OF IMPERVIOUSNESS ON RUNOFF AND INFILTRATION

HIGH DENSITY RESIDENTIALTNDUISTRIALACOMBERCIAL (&g town cadtng)
T5-100% Impenvious Surtace

e rom” radd wr| Gobberm, ] G Empatrvioin Soried Do som



ldentify Impact

e Infrastructure

 Water resources

e Land use

e Costal zones

e Energy supply & Industry

« Agr. Production & Biodiversity
e Health



Source
e

2

_ Floodplain in its natural status

Matural dike
over fver Bank
A

N,
A

Pathway

Pathway

Figure 1 — Source, pathway and
receptor in their predevelopment
condition.

Figure 2 — Change in source, pathway
and receptor due to social, economic
and environmental changes.




Source

Changing rainfall patterns
« — Increasing flood/drought risks
* Increasing typhoon Numbers/Strength

« — Impact the contingency and recovery

capacity of disaster prevention systems



Infrastructure

» Transportation

— Highway, bridge

e Protection:

— Dikes, pumping plant

e Lifeline & Critical infrastructure
— Power and water

— Communication

— Energy



Water Resources

Changing hydrological patterns

— Intensity

— Temporal

More demands (agr/domestic)
Deteriorating water quality in streams



Land use

 Extreme climate

— Increase sensitivity/vulnerability of the
ecosystem

— Damaging land resource use safety



Coastal zon

« Damaging protecting structures
 Erosions in costal areas
 Impact on natural attractions and resources



Energy supply & industry

« Demand/Supply balances
— Demand patterns change
— Increasing energy cost

— Damaging the economy




Arg.production & bio-
diversity

Rain/temperature changes

— Quantity/Quality impacts

— Food security

 Loss in Biodiversity

— Changing habitat /ecosystems



Health

More serious infectious disease epidemic
« — Rising temperature

* « Increasing mortality in respiratory and
e cardiovascular diseases

« « Burdening the public health system



Climate change Scenario

e Scenario

— Plausible combinations representing
possible future situations

— Used to assess the consequences of
possible feature conditions




Climate change Scenario

Analogue climate change scenarios
— scenarios based on past climate

« Scenarios based on climate model
output

 Arbitrary climate change scenarios

— devised arbitrarily based on expert
judgement 70



Flood as example

-

¥ CLIMATE CHANGE
IS FREQUENT FLOODS







Improve
resilience

Maximise
capacity of
the drainage
system

Limit flows

entering
drainage
Manage
systems
. flows above

ground
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Flood Risk

 Disaster: Flood

« Hazard: Rain / Inundation

* Vulnerability: Loss vs. Depth

« Exposure:People / Building / Infrastructure/

* Probability: occurrence likelihood of the event
 Risk: (Hazard)*(Exposure)*(Vulnerability)

— Unit: $

— A single event? or for a specific area and period?
— Summation of (H*E*V*Pr.) for all probable event.



GIS analysis & laying Tech

Same Position

i .

Average rainfall

Slope

Soil type

Slope Stability

Land used & land Cover ete.

Weight Index
2 ... MnWn

Hazard Map




Homework #3

Hazard Map
Exposure Map
Vulnerability

S+9I84S 90| 37242 EHHAL

o | 11O

Deadline ;: 17.11




Mud & Deberis Flow

Hazard Map
Exposure Map
Vulnerability

Risk= #12| 371X[RA2 HTTIAL




Earthquake

Hazard Map
Exposure Map
Vulnerability

Risk= #12| 371X[RA2 HTTIAL




FLOOD and Mud & Debris flow
Hazard mapping
and
Implementation












General Factor of Flood Hazard
Map Analysis

Hydrology (Rainfall, Surface &Direct
runoff, Evaporation, Inspiration,
nfiltration, etc.)

1 Geology ( Soil & Rock Type and Depth)

] Geography (Watershed area, Slope,
Aspect, Land used, Land cover, etc))

O Infrastructure ( Road ,River,etc.)




Flood simulation 1-D
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Flood simulation 2-D

-
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Hydrologic hazard prone area

Land slide Prone area

Mud &Debris Flow
Prone area

Inundation (Flood)
Prone area




Conceptual Idea of Mud &
Debris Flow Analysis

Source Area e

| Aﬂ"ected Area



Resilience

« The capacity to recover after impacts

« « Socio-economic factors

— Financial status, Social support, Insurance

— Resources accessibility ( Finance, physical/non-
physical)

— Social capitals (Profession, education, presz‘/ge)
— Social network

— Ability for self-Safety o
. Elderly, Handicapped, homeless, &igfN




Resilience?
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Community status

KSAt=] i =[=9 7HE

Pre—disaster

Disaster

Restoration

-"".
.--.-
-
-
.-"...

Long term recovery

-

-0

Resilient Community

- _.O J—
Less resilient community

Time



TRIANGLE OF
RESILIENCE CONCEPT

EVENT. Time for recovery

- -

Normal
eV aal
SERVICE :
SEIICE RESILIENCE
Reduced (smaller the areq,

greater the resilience)

TIME
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(1-Robustness) / Rapidness

(sseujsnqgoy- )

Robustness |

(%) Aeuonoun

Time



Performance

A Disruption
nt) i
& full recovery
A e e Y , partial recovery
I
maximum E
drop in i
performance i
770 N S — |
! '| >
f ty Time

At
time to recover from disruption

LEGEND

t, :time of disruption

t. :time of recoveryto
steady state

At :time to recover from
disruption

Y, :minimum post-
disruption performance

y(t) : performanceof system

Y, :post-disruption partially
restored performance

yys :post-disruption restored

performance




___________________________________

Highways

Performance E s ErEEEE] |
A : EEEEEEEEEEEEE
E National roads
Mitigation | _.-~ N e e e ‘
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Impact *
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At least, Build—back—Dbetter

Development

A

Normal Development

L

Development were
Obstructed by
Disasters,

Recovery & Development

> Time
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P oPULATION AND DEMOGRAPHICS
Composition, Distribution, Socio-Economic status, atc,

ENVIRONMENTALECOSYSTEM
Ajr quality, Soil, Biomass, Biodiversity, elc.

ORGAHIEED GOVERNMENTAL SERVICES
Legal and security services, Health services, alc.

PHYSICAL INFRASTRUCTURE
Facilities, Lifelines, elc.

LIFEET’Y‘LE AND COMMUNITY COMPETENCE
Quality of Life, etc.

ECDNDMIC DEVELOPMENT
Financial, Production, Employment distribution, elc.

S OCIAL-CULTURAL CAPITAL

Education services, Child and elderly care sarvices, alc.

REAL & SIMULATED

Resilience actions

DﬁT.l.

HYBRID MODEL
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analysis
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PEOPLES Framwork

LOR (Loss Of Resilience) (1)

Population and Demographics,
Environment and Ecosystem,
Organized Government Services
Etc. (7)

Distribution/Density, Composition,
Socio—Economic Status

Indicator
(29)

Etc. (29)
: Population density , Population distribution,
Prox2/1\1/a6r)|able Age, Place attachment—notrecent immigrants

Etc. (116)

KOSIS, 22G(0|E{ Y, SsorHs
Etc.



D)

2)

POPULATION AND DEMOGRAPHICS

a)

b)

c)

Distribution/Density

i) Urban

i1) Suburban

iii) Rural

iv) Wildland
Composition

1) Age

i1) Gender

ii1) Immigrant Status
iv) Race/Ethnicity
Socio-Economic Status
1) Educational Attainment
i) Income

iii) Poverty

iv) Home Ownership
v) Housing Vacancies
vi) Occupation

ENVIRONMENTAL/ECOSYSTEM

a)
b)
c)
d)
e)

f)

Water Quality/Quantity
Air Quality

Soil Quality
Biodiversity

Biomass (Vegetation)
Other Natural Resources

4) PHYSICAL INFRASTRUCTURE

a)

b)

Facilities
i) Residential
(1) Housing Units
(2) Shelters
i1) Commercial
(1) Distribution Facilities
(2) Hotels - Accommodations
(3) Manufacturing Facilities
(4) Office Buildings
iii) Cultural
(1) Entertainment Venues
(2) Museums
(3) Religious Institutions
(4) Schools
(5) Sports/Recreation Venues
Lifelines
i)  Communications
(1) Internet
(2) Phones
(3) TV
(4) Radio
(5) Postal
i1) Health Care
(1) Acute Care
(2) Long-Term Acute Care
(3) Primary Care
(4) Psychiatric
(5) Specialty

5) LIFESTYLE AND COMMUNITY
COMPETENCE
a) Collective Action and Decision Making
i) Conflict Resolution
ii) Self-Organization
b.) Collective Efficacy and Empowerment
c.) Quality of Life

6) ECONOMIC DEVELOPMENT
a) Financial Services

i) Asset Base of Financial Institutions

i1) Checking Account Balances (Personal
and Commercial)

iii) Consumer Price Index

iv) Insurance

v) Number and Average Amount of
Loans

vi) Number of Bank and Credit Union
Members

vii) Number of Banks and Credit Unions

viii)  Savings Account Balances
(Personal and Commercial)

ix) Stock Market

b) Industry — Employment - Services

1) Agriculture

i1) Construction

iii) Education and Health Services

iv) Finance, Insurance and Real Estate

v) Fortune 1000




3)

ORGANIZED GOVERNMENTAL
SERVICES

a)

b)
c)

Executive/Administrative

1) Emergency Response and Rescue
11) Health and Hygiene

Judicial

Legal/Security

PHYSICAL INFRASTRUCTURE (cont’d)
1i1) Food Supply
iv) Utilities
(1) Electrical
(2) Fuel/Gas/Energy
(3) Waste
(4) Water
v) Transportation
(1) Aviation
(2) Bridges
(3) Highways
(4) Railways
(5) Transit
(6) Vehicles
(7) Waterways

7)

ECONOMIC DEVELOPMENT (cont’d)

c)

vi) Fortune 500
vii) Information, Professional Business,
Other
viii)  Leisure and Hospitality
ix) Manufacturing
x) Number of Corporate Headquarters
xi) Other Business Services
xii) Professional and Business Services
(1) Employment Services
(a) Flexibilities
(b) Opportunities
(c) Placement
(2) Transport and Utilities
(3) Wholesale and Retail
Industry — Production
1) TFood Supply
i1) Manufacturing

SOCIAL/CULTURAL CAPITAL

a)
b)
c)
d)
e)
f)
g

Child and Elderly Services
Commercial Centers
Community Participation
Cultural and Heritage Services
Education Services

Non-Protit Organizations
Place Attachment




Quality, Service(%)

' 1

100

60

L 4

time



Differences with/without DRR investment
to GDP

A . .
without disaster Effect of
With DRR Investment DRR investment
(with disaster) N . 20
Sustainable development TR e G
evaluate the entire
benefit (A)
al
O .
Q) By the conventional
. benefit evaluation
Enlarg method, benefit of
vie DRR investment is
Stop of evaluated with
economic collective amount of
activity by direct the society.
damage | Stagnation of economic activity
= Expansion of and the recovery delay due to (GRP and/or GDP)
poverty lack of funds
— continuation of poverty trap .
> Time

o By disasters, increasing poverty and continued to be stuck in an increase in
jch‘ sefpoMerty, widening inequality, from the trap of poverty



DRR investment is
not the cost
but the asset

for development



A

Source Receptor

Vulnerability-

Coping capacity Pathway, Resilience

S
h 9@6 .

. 4 % Disaster

Planning Development Prevention

nt

: ' . : Disaster Disaster
Policy Resource - Security Resilience Relief

Yoy, |
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