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Taiwan's five major metropolitan areas of
Taiwan vulnerability assessment of
flood disasters comparison study

------

Jen-Te Pai
Associate Professor
Department of Land Economics
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Research Methods

Introduction

Global climate change has increased severe natural disasters.

In 2007, the assessment report by Intergovernmental Panel on
Climate Change (IPCC) indicated the evidence of global
climate change has become very clear as the occurring
frequency of floods and droughts increased dramatically
and global coastal regions became under the imminent

threat.

If no immediate measure is taken, there will be adverse

consequence.
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Introduction

¢ 73% of the Taiwan’s population live in the areas that
face the possibility of 3 natural disasters

il T T
et -

~
il

s
i
Exposed Areas
Top 3 Deciles Exposed to:
The World Bank. 2005 ' |
Natural Disaster Hotspots - A Global Risk Analysis. Disaster Risk Management Series No. 5

Introduction

In recent years, Taiwan cannot remain safe from disasters
due to global climate change, World Bank indicated in a
report in 2005 that Taiwan ranks among top in the risk
analysis for several natural disasters and floods are worse
because the original hydrological environment is destroyed
when people continuously compete for land with rivers for

urban or economic development space in the pursue of

= W ..
‘_—'1.,.‘ s ]

economic development and better life quality.
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Introduction

In summary, it is very important to assess and resolve
flood problems when developments and disasters are in

densely populated urban areas.

Before disaster-prevention solution 1Is : , ow to
establish a pragmatic overall index to increase the

reference value for disaster assessment and reviews of

disaster-prevention, spatial planning and land use is the

primary subject of this study.

Literature Review

Blaikie et al. (1994) believed that vulnerability should not

be limited to inherent disaster potential and expanded the
concept to the potential and ability for a specific individual

or group to prepare, handle and respond, resist and

EUMRECEAEN ITRALW

recover for natural disaster impact. ————t

Chen (2003) thought vulnerability would mean the degree

of tendency or susceptibility to harm or damage.
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Literature Review

Recently, some scholars include resilience in vulnerability.

For example, Gallopin(2006) in the study of hazard vulnerability
and resilience believed that vulnerability, resilience and
adaptive capacity are similar in certain situations and

different in other situations.

The three components form a triangle as in Figure 1, which the
vulnerability includes sensitivity, exposure and responsiveness,

while responsiveness is related to resilience and adaptive
T

capacity.

©

Literature Review

Capacity
of response

RcCRcV

RcAC
“{AC:!CH = ACazV

AC=CR = ACcV

ADAPTIVE
CAPACITY

Fig. 1. A diagrammatic summary of the conceptual relations among vulnerability, resilience, and adaptive capacity

Source of Data : Gallopin (2006) 1 0;
&
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Literature Review

The study adopts Gallopin’s opinions and also studies
resilience. Nevertheless, the framework is still on the scope
of vulnerability.

The study follows Gallopin’s (2006) opinions on vulnerability
study that resilience is a subset of responsiveness, and
responsiveness is a subset of vulnerability, and resilience is
a subset of adaptive capacity.

In summary, resilience is a part of vulnerability. Thus, the
study also investigates resilience. Nevertheless, the

framework is still on the scope of vulnerability.

11
Establishment of Assessment Framework

The selection of proper threshold value based on Delphi

description and operation is mostly subject to decision-
maker’s judgment.

The study took reference to the methods from most literatures
and took the arithmetic mean of the geometric mean of
each representative value to determine the threshold value
to be approximately 6.31.

Therefore, the threshold value was 6.31. The data are shown

in Table 1.
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Establishment of Assessment Framework

Based on literatures, discussion and review on vulnerability
assessment process and concept, the vulnerability
framework is proposed with flow process and screening

process.

The proposed vulnerability assessment index is adjusted and
revised after analysis of expert questionnaire survey by

Fuzzy Delphi Method.

The main methodology includes Fuzzy Delphi Method,
Analytic Hierarchy Process and Analytic Network Process,

which are described in the following.

13
Establishment of Assessment Framework

After questionnaires were recovered, two-triangular-fuzzy-

number method was used with gray zone test to test
whether assessment factors reached convergence. After
calculation, the assessment items in the questionnaire do
not have assessment factor that does not reach convergence.
Thus, it is not necessary to conduct Delphi questionnaire
for the second time. Importance of expert consensus Gi
was calculated and threshold value was selected. Yu-Hun
Chang (1998) suggested that the determination of
threshold value would affect the selected assessment

criteria. 14
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Establishment of Assessment Framework

Among 41 indices, initially 15 indices did not reach the
threshold value and the removal rate was about 36%. The
study took reference to each Gi and suggestions from
experts and scholars and made adjustment and revision for

each dimension and index.

Following suggestion by Saaty (1980), the study treated
complicated problems with hierarchy structure to
decompose to facilitate systematic understanding. Under
the assumption that human cannot compare more seven

things at the same time, the elements in each level shall not

be more than seven. 15

Index System and Comparative Area Analysis

The section focuses on assessment index system and

analyzes dimension, index and comparative area, including

network relationship and weight analysis.

The chapter contains the following in order: introduction of
five metropolitan areas, network relationship, weight

analysis and comparative area analysis.

16
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Index System and Comparative Area Analysis

The study defines urban typhoon hazard vulnerability as
“susceptibility of life, wealth and public environment
damage to typhoon hazards”, and uses Turner’s (2003)
framework as the blueprint of assessment framework to
establish assessment index for typhoon hazard

vulnerability.

o Dimension . Theme . Indicators o
— rainfall precipitation 0.1136
— wind strength 0.0733
—| Exposure [—| storm and rain effect [ janand ey 0357

— flood height 0.0951

— public loss 0.1290

— wealthloss 0.2018

_‘ ﬂoodporenualoz??g S
— natural environment ——{ land development 0.4005

| Debris-Flow Potential 0.3216

—‘ Population 0.1949

Sensitivity ‘~| social environment |7_1 Density 0.5363

—1 Disadvantage Group 0.2689

— Watercourse 02294
—‘ flood prevention 0.3507

—‘ Foundation 0.1925

~I software and hardware —’ Information 0.0694

— Group 0.0845
—i Community 0.0736

- Organization ~ preparation ~ medical0.315
{ preparation and emergency Shelter0.0670 - disaster training 0.2755

{ Cleaning 0.2216 ~ subsidiary 0.1602

Anpqesduinp
|
|

— Resilience

resilience and adaptation

Laws0.2831 - projects0.3351 18
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Index System and Comparative Area Analysis

After analysis on index, dimension and region, the study

conducted an overall assessment on typhoon hazard
vulnerability for each metropolitan area. With reference to
Kwei-Fong Chang’s (2009) BOCR model, the
consideration of interest, cost, opportunity and risk
included different positive and negative dimensions.
Selection is made to meet user’s needs. The overall
operation was conducted on Eigenvector for positive and
negative dimensions. The study made assessment based on

Eigenvector values of six dimensions for each region.

19
Index System and Comparative Area Analysis

The first three dimensions, storm rain, natural environment

condition and social environment condition were negative,
while software and hardware facility condition,
preparation and emergency responsiveness, and resilience
and adaptation ability were positive. Each had different
weight value. Thus, the study divided the analysis
according to overall and three major dimensions. The
vector values of six dimensions for each region were
multiplied by weight matrices and then all were added up
to obtain the Eigenvector value for each region. The

smaller value meant the higher vulnerability for the region. 2(
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+¢ The study chooses the five
major metropolitans

Case Study : Regional level

Taipei
Tauyuan
Taichung

Tainan

w'

Kaohsiung.

+* Research Methods :
m  Fuzzy Delphi

®m  Analytic Hierarchy Process
(AHP)

®  Analytic Network Process
(ANP)

Index System and Comparative Area Analysis

The Eigenvector from each dimension is not always the same.

The study considered overall expert opinions. The overall
typhoon hazard wvulnerability is Tainan > Taichung >
Taoyuan Chungli > Kaohsiung > Taipei. Tainan
metropolitan area had quite high values for the first three
negative dimensions because usually the southwest stream
after typhoon brings heavy rain. The low land also makes
overall storm rain and nature dimensions disadvantageous.
As a result, its vulnerability was the highest among all
metropolitan areas. Taichung has been subject to typhoon

hazards over years. 22
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Case Study : Regional level

* The result shows
Tainan > Taichung > Taoyuan > Kaohsiung > Taipel

Taipei:
Kaohsiung:

005

_ y'-o.l
/ disaster-prevention
urban planning:

hydraulic engineering 2 :
all-

Taoyuan-

Taichung-

Case Study : Regional level

Weight for Dimensions and Regions by Decision-Making Group

D E
A B .
storm min nature | © SScIeh TN a0 BN resilince
(0.1667)  (0.1776) : ©01593) 5502408 ©177
Gl Taipei 02187 0.222% 02711 0.4382 03765 04507
T:uffinn 00748 0.1539 0.1122 01116 0.1240 0.0746
Overall G3 0.2578 0.2690 02018 0.1387 0.1880 0.1924
assessment  Taichung
Tﬂ.:f;] 0.2303 0.2029 0.2106 0.0980 0.1074 0.0045
Gs o .
Kaohsiung 02183 0.1515 0.2044 02135 02041 0.1877
016671
0.2187 0.2228 0.2711 0.4382 0.3765 0.4507 g 1336 0.1388
0.0748 0.1539 0.1122 0.1116 0.1240 0.0746 -0-0844 0.0109
Wazee=| 02578 0.2690 0.2018 0.1387 0.1880 0.1924 |x _0'1‘_.3 = -0.0072
122
0.2303 0.2029 0.2106 0.0980 0.1074 0.0945 0.2408 -0.0346
0.2183 0.1515 0.2044 0.2135 0.2041 0.1877 | 0.0346 |
| 0.1772 24
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Index System and Comparative Area Analysis

Landslide and regional flood occur in Taichung whenever
typhoon comes. Hydraulic experts gave very high

vulnerability to Taichung.

Chungli, Taoyuan is affected less by mesa landscape caused by
storm and heavy. But it is poor in software and hardware

facility, emergency responsiveness and resilience ability.

Kaohsiung and Taipei are the two regions with the lowest
vulnerability. Both have abundant capital, resources, soft
and hardware facility; These conditions that are contrary

to Taoyuan provide them with low vulnerability.
25

Conclusions and Suggestions

Establish typhoon hazard vulnerability index system for

metropolitan area: accommodate various assessment
values for vulnerability and dimensions, including
exposure, sensitivity and resilience; through literature and
data collection, draft assessment index for typhoon hazard
vulnerability for metropolitan area, conduct Fuzzy Delphi
expert questionnaire, adjust and revise index system,
establish assessment framework for typhoon hazard
vulnerability for metropolitan area, build six major

dimensions, 27 index assessment system.
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Conclusions and Suggestions

Put together expert opinions from different disciplines and
analyze the importance of different dimension: except
expert opinions from hydraulic engineering stress software
and hardware facility more than preparation and
emergency responsiveness, which is different from other
disciplines, the overall opinion takes preparation and
emergency responsiveness as the most important factor to
vulnerability, accounting for 30% importance. Next,
natural environment condition and resilience and
adaptation ability have similar weight value and both are

very important assessment dimensions. 27

Conclusions and Suggestions

Preparation and emergency responsiveness is the most

important factor to affect the vulnerability for each
metropolitan area: positive dimensions like software and
hardware  facility, preparation and emergency
responsiveness and reconstruction and resilience ability
take up more than half of the weight in vulnerability
assessment. Thus, knowing the existence of unpredictable
storm rain, natural environment condition and social
environment condition, it is critical to strengthen disaster

prevention ability for the metropolitan area.
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Links to Spatial Planning and Management

¢ Policy Applications of Vulnerability Assessment

Risk Public
Land use Facility » . .. | finance and | Intergovernment
Level communicatio . A
management plan 0 disaster al cooperation
insurance
Regional/ 1. Environment | Improving 1. Regional 1. Flood 1.Improving the
Metropolita al sensitive regional hazard and insurance database and
n level areas flood risk maps 2. Impact fees information
management | prevention 2.Hazard risk 3. Using risk- among
2. Resilience facilities and database and based tax governments
land-use infrastructur information policy to 2. Cooperative and
regulation es to reduce | 3.Improving encourage responsible
and flood risks stakeholders’ land mechanism
management knowledge of developmen among
3. Storing flood risk tinto less governments
waters and risk or 3. Integrated river
increasing hazardous basin
maximum areas management
flow capacity
of channels 29

Policy suggestions

¢ (1) through hazard information, integrate
and establish a complete disaster
prevention database;

¢ (2) strengthen preparation, emergency

responsiveness, and resilience and

adaptation ability;

¢ (3) balance the needs of disaster
prevention among all regions;

** (4) preparation and disaster prevention

planning in different scales.
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Jen-Te Pai
Associate Professor
Department of Land Economics
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