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Geographic correlation studies
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Risk definition

UNISDR (2009) defines “Risk" as the opportunity or possibility that an event
will occur and causes a negative impact on the way of life, community and
property, such as death, injury and loss, etc.

In addition, Noren et al. (2016) describe risk as depending on the possibility

and severity of natural events as well as characteristics and scope of
exposure to events, including hazards, exposure, and vulnerability.

Risk due to coastal floods cannot be reduced by mitigating the flood hazards
due to storm surges that are generated by natural processes as shown in Figure.
(IPCC, 2014; UNISDR, 2015; Vahanvati, 2018; Wong et al., 2014)

2
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Fi?ure 1. The concepts of the WGII ARs. Risk of climate-related impacts results from the interaction of climate-
Of:0 related hazards with vulnerability and exposure of human and natural systems. (Modified from IPCC, 2014)

| 3 (NakhapakornK. et al. 2023)
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Risk

Changes in both the climate system and socioeconomic processes including adaptation
and mitigation are drivers of hazards, exposure, and vulnerability.

“Risk is the probability of a loss, and this depends on three elements: hazard,
vulnerability, and exposure. If any of these three elements in risk increases or decreases,
then the risk increases or decreases respectively.” (Crichton, 1999).

The risk assessment approach aims to represent the three elements of risk in three
dimensions as shown in Equation 1 below.

Risk = f(hazard x exposure x vulnerability)

0400

"

Faculty of Environment and Resource Studies, Mahidol University
16 11/7/2023

11/7/2023



17

In addition, the Global Facility for Disaster Reduction and Recovery (2014)
and UNISDR (2015) in defining the three components:
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S

can be defined as the possibility of refers to the location, refers to the level of the effect on properties when there is
natural phenomena and the characteristics, and exposure to a disaster in each geographic location.
severity of natural phenomena value of the Moreover, Global Facility for Disaster Reduction and Recovery
that may have serious property that is (2014) and UNISDR (2015) refer to vulnerability as the

. . characteristics and circumstances of a community, system, or
consequences, such as ground important in the ty, sy

surface vibrations caused by ey e, el asset that make it susceptible to the damaging effects of a

earthquakes, the speed of the o hazard.
people, buildings, o o 4 )

wind due to a cyclone, the depth X Vulnerability is one of the defining components of disaster risk.
factories, farmland, - - ,

of water in a flood area, the flow There are many aspects of vulnerability, arising from various
and infrastructure hysi . . .

velocity of flood-water or the physical, social, economic, and environmental factors.

@peaed o TR For example, poor design and construction of buildings, inadequate

frequency of floods
protection of assets, lack of public information and awareness
such as weather forecasts, including limited official recognition of
risks and preparedness measures, and a disregard for wise

environmental management.
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™ Disaster Risk

Built Infrastructure

Management

| + Disaster risk assessment helps to analyze the opportunities for disaster

=]

"

impact and identify or predict the risk level of a local disaster.

* It also helps to specify measures to manage and mitigate disaster risk.

* Policies and practices for disaster risk management should be based on an
understanding of disaster risk in all dimensions of vulnerability, coping capacity,
exposure of persons and assets, hazard characteristics and their possible effects at
the relevant social and spatial scale on the ecosystem.

+ In addition, the risk assessment consists of three main steps:

identification risk, risk analysis and risk evaluation,

which are adapted from ISO's disaster risk assessment process (2009), ADPC (2011),
UNISDR (2015) and the UNDRR (2019).

Faculty of Environment and Resource Studies, Mahidol University
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The interrelated three main steps are as follows:
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Risk identification

* Risk identification is the first step of risk assessment of decision
making by searching for and understanding the
components of disaster risk in a study area.

» The purpose of risk identification is to find, recognize and

describe risks that might help or prevent an organization
achieving its objectives.

* Because of the potential damages and losses caused by historical
disasters

E Sources: [EC 31010, 2018; Maantay et al., 2009; Brinckerhoff, 2009; Balica,2012;
N .
2 Nasiri et al., 2013; Azotea et al., 2017; Dwyer et al., 2004; Barredo et al., 2010
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Risk identification

* Natural Hazard assessment is considered to be a specific natural event characterized by a certain
magnitude and likelihood occurrence. Hazards are |dent|fy|n3_the type of disaster that may occur in the area
consists of data gathering and analysis based on the type of disaster that occurs. Included is the frequency
analysis of the disaster, which estimates the probabiligf of a disaster and disaster violence, is usually shown
as a return period. Several studies have been explained that the frequency of flooding is a reference to the
return period, frequency of occurrence such as 10, 20, 50, 100 years. The results of the hazard assessment are
usually in hazard maps to show the affected area, chance, and severity of the hazard. Hazard assessment is
used with a hazard map overlaid with maps showing the elements at risk and how many elements are at risk
of being affected by hazardous events, such as the humber of buildings.

» Exposure assessment is thsical and social property information such as population, land use, public
utilities, building, cultural heritage, infrastructure that are affected by a disaster that estimate its intensity
and duration. ExBosure is the anthropogenic factors that contribute to flood risk in flood-prone areas. Then,
geo;;raphlc databases are created for exposure assessment, which is made in the form of a map and

analyzed using GIS. Other indicators that are not explored in this chapter but which are exposed include the

economy andenvironment.

* Vulnerability Assessment is a systematic analysis of the physical and social elements' weakness to ]
investigate if they are affected by the disaster, including buildings, infrastructure, landmarks and population.
In the risk assessment, the(g)hysical vulnerability assessment is important, such as building damage. Flood
vulnerabilit?l1 can be defined as the susceptibility of the exposed structures when in contact with water.
However, p Ysical vulnerability can be quantitatively and qualitatively represented by the more commonly
used physical vulnerability, and a vulnerability matrix as shown in Table 1.

EE
I x
[=] Faculty of Environment and Resource Studies, Mahidol University
5 UHISNUdunraa
Table 1. Level of risk assessment matrix
Frequency Level of Severity
Likelihood None Low Moderate High Extreme
(1) (2) (3) 4) (5)

Very Slightly opportunity (1) 1 2 3 - 5
Impossible (Risk is unlikely to
occr)
Less opportunity (2) 2 4 6 8 10
Moderate opportunity (3) 3 6 9 12 15
Possible (Risk will likely
occur)
High opportunity (4) 4 8 12 16 20
Very high opportunity (5) 5 10 15 20 25
Probable (Risk will occur)
Extreme( score 15-25) Moderate (score 5-14) Low (score 1-4)

=] ] Source: Classified by IEC 31010, 2018; ADPC, 2011.

I x
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Risk analysis

* Risk analysis is a process to comprehend the level of risk or the negative
impact from disaster, which is the next step from risk identification.

* Risk analysis involves a detailed consideration of uncertainties, risk sources,
consequences, likelihood, events, scenarios, controls and their effectiveness.

* This is done by combining the result of an alternatively comprised assessment
of hazards, exposure, vulnerability and capacity to estimate the damage level.

* Spatial Risk Analysis contains a lot of quantitative and qualitative
information, using GIS to overlap and compute with vulnerability, which is
displayed in the form of a risk matrix and is a result of uncomplicated risk
analysis that uses an estimation of the probability of the occurrence of risk
events and their qualitative impact.

* Moreover, risk mapping provides an overview of areas that contain

E%E information about vulnerability and exposure to elements at risk.
I "
[=] Faculty of Environment and Resource Studies, Mahidol University
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Risk evaluation

* Risk evaluation compares the process of risk analysis results with risk
criteria to determine whether the risk or size of the risk is acceptable or
unacceptable and how it should be managed.

* The purpose of risk evaluation is to support decisions.

* Risk evaluation involves comparing the results of the risk analysis with the
established risk criteria to determine where additional action is required.

* This is very useful in preparing risk management recommendations to help
determine if there are any risks that need to be addressed and whether risk
management should be prioritized before.

Of40
| 5
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Therefore, the risk management process should be an integral part of management
and decision-making and integrated into the structure, operations and processes of
the organization.

It can be applied at strategic, operational, program or project levels.

There can be many applications of the risk management process within an
organization, customized to achieve objectives and to suit the external and internal
context in which they are applied.

Flood vulnerability index (FVI) enables the assessment of vulnerability
to floods.

There are several factors influencing vulnerability including human settlement
conditions, socio-economic pattern, infrastructure and policy.

Faculty of Environment and Resource Studies, Mahidol University
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The physical vulnerability assessment or building vulnerability, social vulnerability,
and economic vulnerability factors showed the step of risk assessment (Figure 3). This
research is focusing on only building vulnerability models.

Vulnerability Assessment

Faculty of Environment and Resource Studies, Mahidol University

Hazard . Risk
Building Social Economic
Assessment Vulnerability | | Vulnerability | | Vulnerability Assessment
model model model
* Structure type * Indicator * Direct losses
. Buﬂding use selection « Indirect
* Building codes | | Risk losses
* Engineering perception, * Government
assessment questionnaire expenditure
* Decision tree
analysis
+ Synthetic
estimation

>

Figure 3. The step involved in performing a Risk Assessment. (Modified from Dwyer et al., 2004)

https://link.springer.com/chapter/10.1007/9783-03114096-9_15

11/7/2023

13



https://link.springer.com/chapter/10.1007/978-3-031-14096-9_15 o UH']5HU']5£JURG‘IE\

Qn=AvIDAADY
Application x Y namnswonsmans
o1P Remote SensinF 2

and GIS in Natura

Resources and

Built Infrastructure

Management

€ Sprnger

Geospatial Technology for
Vulnerability of Building St

Kanchana Nakhapakorn

Faculty of Environment and Resource Studies, Mahidol University

&\ UHIBDNUIAULHGA
‘) aruzAvnadou
Y llamnSwyInseans

Floods

* In the past 69 years during 1951- 2019, tropical storms including typhoons and
depression occurred 200 times in Thailand (TMD, 2021).

* Flooding is the most frequent natural disaster that occurs in Thailand.

* Inthe 30 years during 1971-2000, the average yearly rainfall amount was
1581.4 mm. During the rainy season, the northeast monsoon increases the
flood situation.

* The 10 years of retrospect collected data revealed that Ubon Ratchathani
province is affected by floods in Mun River which is the most severe
flooding in 2019.
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1. Identification and grading of relevant hazards

* The flood vulnerability and risk assessment has been carried out in this chapter on
the basis of quantitative statistical techniques and geospatial technology.

* Vulnerability assessment data was divided into two categories:

1) Primary data is field works survey that data collected using building location
coordinates from Global Positioning System (GPS) (EIT, 2019),

2) Secondary data was gathered from GISTDA as 10 years flood maps.

* After collecting data from the study area, all data is re-grouped, classified, and
weighting data. Then, the selection data from field surveying and flood-prone area
in Warinchamrab municipality, Ubon Ratchathani province.

* Many houses in the riverside communities have been built in floodplains, when
flooding was less common than nowadays which are still allowing developmentsin
areas af a high risk of flooding.

* Households were selected in order to identify specific damage from physical vulnerability;
building structure types, how such households would be affected differently by each type of

disaster.

%

i 5
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2. Determination of Physical vulnerability of @)
building structures to floods

The physical vulnerability assessment or building vulnerability indicators are:

o magnitude or probability of a hazard,
o building material,

o building status,

o damage and crack in the structure,

o floor material,

o number of storeys,

o foundation types,

ErSE o flood depth and flood frequency.
I ]
[=] Faculty of Environment and Resource Studies, Mahidol University
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Calculation of the vulnerability index (VI)

Godfrey et al. (2015) explained that the vulnerability index (V) of each physical
vulnerability of building to floods is calculated using the normalized weights of
the characteristic indicators (A,) and the normalized weights of the observed
indicator values (@), as shown in equation (2):

Vi=Xij=10114i%

Where, A;is the normalized weight of the indicators, and g; is the normalized
We|ght of the indicators’ observed value.
=] ]
I 5
[=] Faculty of Environment and Resource Studies, Mahidol University
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3. Risk Assessment for Physical Vulnerability of
Building Structures

1) Theresults of hazard assessment

Flood map data was collected from 2010 to 2019 in the Ubon
Ratchathani province (GISTDA).

Legend
Ubon Ratchathani Province
[ Study Area

Flooding Frequency
(10 years period)
W 1-2times

[=] [t
B 5-6times
I > 7times
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3. Risk Assessment for Physical Vulnerability of

Building Structures

Table 4. The physical building structures in flood affected area (households)
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Factors Indicators Risk Flood frequen: Total
level  1-2Years 34 Years 5-6years
. Building Concrete 1 69 13 0o 82
2) The results of vulnerability assessment maeral  Concrete and mixed
wood-concrete 2 147 2 1170
Masenry 3 8 0 0
Wood 4 51 6 1 58
Bamboo 5 5 1 0 -]
Crack No 1 170 21 2 193
in structure 2 a 0 0 a
3 0 0 0 0
4 0 0 0 0
Yes 5 110 21 131
Number >2 storeys 1 2 0 0 2
of Floors 2 0 0 0 a
2 storeys 3 150 25 117
4 0 0 0 0
1 storey 5 128 17 1146
Foundation Yes 1 203 32 0 235
fype 2 0 0 0 0
3 0 0 0 0
4 0 0 0 0
No 5 77 10 2 89
Flood None 1 31 4 0 35
depth <0.5 meters 2 0 0 0 0
0.5-1 meters 3 0 0 0 0
Ok 0] 1-2 meters 4 9 2 0 94
| & >2 meters 5 157 36 2195
[=] Faculty of Environment and Resource Studies, Mahidol University
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3. Risk Assessment for Physical Vulnerability of s
Building Struct
UI lng ruc Ures Table 5. The physical vulnerability indicators in flood vulnerability nsk area (households)
Risk Level of Flood
. . Physical Vulnerability Vulnerability Total
3) Risk analySIs indicators Risk level Extreme Moderate | (HH)
Building material Extream 1 1 2
Medium 86 7 93
Low 151 78 229
Crack in structure Extream 21 0 21
Medium 109 1 110
Low 108 85 193
Number of Floors Extream 18 0 18
Medium 219 85 304
Low 1 1 2
Foundation type Extream 12 0 12
Medium 76 1 77
Low 150 85 235
Flood frequency Extreme 2 0 2
Moderate 39 3 42
Low 197 83 280
Flood depth Extreme 38 0 38
Moderate 188 63 251
Low 12 23 35

i E
S
0]

36

Note: From Engineering Institute of Thailand under H M. the King's Patronage (unpublished data)
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DAPTIVE CAPACITY

vunerasiiry =l Exposure [a ol SENSTIVITY i

.

e Climate Change

foposure i di :ensmwty £ Adaptive capacity the
ow a resource fares = ili

i e e ability of the resource to Vulnerability Assessments

area experiencing climate when exposed to an

- adjust or cope with
change & coastal hazards impact v P

impacts

VULNERABILITY = EXPOSURE + SENSITIVITY

v still significant, but addressed separately

. - v Not part of vulnerability formula/score
Ada ptlve Ca paCIty v’ Adaptive actions taken for assets help reduce exposure
and/or sensitivity

Vulnerability

https://www.nps.gov/subjects/climatechange/vulnerabilityandadaptation.htm

- Source:

I " https://climateactiontool.org/content/climate-
. . . . . change-vulnerability-assessments

[=] Faculty of Environment and Resource Studies, Mahidol University 9 :

UHIDNUIAUNRAa
‘) aruzAvnadou
</ lamsSwuInsadaas

Adaptive Capacity
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2. Coastal Vulnerability Assessment (CVA)
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Coastal Vulnerability

* Exposure assessment addresses the degree to which a system
experiences changing climate conditions.

* Sensitivity assessment addresses the degree to which a
system changes in response to changing climate conditions.

* Adaptive capacity assessment addresses the degree to which
a system component can adjust in response to changing
climate conditions

EE
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AIsanazmAtinYaInIsUsEiuAMUUIZUNYeE
1) IPCC Common Methodology (CM)
2) Coastal vulnerability index (CVI)
3) Global Vulnerability Assessment (GVA)
4) Bruun rule
5) The Synthesis and Upscaling of Sea-level Rise Vulnerability Assessment (SURVAS)
6) Land and wetland loss assessment
7) Dynamic Interactive Vulnerability Assessment (DIVA)
8) Simulator of Climate Change Risks and Adaptation Initiatives (SimCLIM)
9) Community Vulnerability Assessment (CVAT)
10) Coastal Zone Simulation Model (COSMO)
11) South Pacific Island Methodology (SPIM)
12) Shoreline Management Planning (SMP)
[x]
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Coastal Vulnerability Index (CVI) =

2Xev Wy
Physical Vulnerability Index (PVI) =
2 Wy
Xv) i : PRSI T LRSI
Wrv) i : enbmiessauasAnnaseumomen

2 Xisv; Wesv;

Socio-Economic Vulnerability Index (SVI) =

) W(sv),-
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