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Abstract

This paper describes urban flood vulnerability using a vulnerability index which consists of four vulnerability issues
encompassing social, economic, environmental and physical issues. The study was carried out by selecting variables
affecting the flood vulnerability, collecting and analyzing corresponding data, developing equations for computing the
flood vulnerability indices, and calculating the corresponding indices. Comparison of the flood vulnerability was made
using data from three cities, namely, Hat Yai, Chiang Mai and Ubon Ratchathani. The results showed that the cities
ranged from highest to lowest flood vulnerability were Chiang Mai, Hat Yai, and Ubon Ratchathani. In addition, Chiang
Mai is considered to be the most vulnerable to social and environmental issues while Hat Yai is most vulnerable to

the economic issues and Ubon Ratchathani is most vulnerable to the physical issue.

Keywords: Flood, Vulnerability index, Hat Yai, Chiang Mai, Ubon Ratchathani
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Table 2  City Flood Vulnerability Index Variables (Social Issue)
Variable value
Issue Abb. Name Units Equation/ Definition/ Source Factor*® HatYai Chiang Ubon.
Mai
! ? Pd  Density of people/ (Total population in the study E 1970.95 2246.54 1289.50
C =
® @ Population density km® area) /
—- £ 0
-§ é % (Study area), Source: http:/
a5 > statbbi.nso.go.th
& 9
TS ©
S g Fa  Flood area ratio - (Flood Area) / (Study area) E 0.33 0.42 0.34
Ch  Cultural heritage % (Number of temples in the flood S 4.34 12.63 8.54
g‘ percentage area) /(Total number of temples
@ in the area)x 100 , Source :
E http://www.onab.go.th
=}
>
_ % Pg  Population growth % Average growth of population in S 4.21 -1.65 1.60
-§ 8 urban areas in the last 10 years ,
[}
n c Source : http://statbbi .nso.go.th
®
ﬁ Ye Percentage of - (Number of elderly and children S 0.33 0.31 0.33
% children and in the area) /(Total population
'% elderly people in the
> area) , Source : http://statbbi
.nso.go.th
P Preparedness - Interviewing A 0.71 0.74 0.76
status
A Awareness - Interviewing A 0.67 0.66 0.70
S Shelter Capacity peopl  (Shelters Capacity) / (municipal A 121.90 94.37 30.45
e/km2 area)
Ai  Infrastructure - Interviewing A 0.66 0.67 0.78
g‘ preparedness
I
E) Up  Urban Planning Interviewing A 1.00 0.74 0.76
3 enforcement
_ o
-g 5 Es  Floodresponse - Interviewing A 0.40 0.78 0.76
o 3 o
n = capability
g
b Ws  Flood warning - Interviewing A 0.87 0.82 0.90
ko]
E system
= ER Evacuation routes - Good evacuation routes A 3 2 3
management = 3
Fair evacuation routes
management = 2
No evacuation routes
management =1
| Reliability of local - very reliable = 3 moderately A 2 3 3

government

reliable =2 less reliable =1
not reliable =0
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Table 3  City Flood Vulnerability Index Variables (Economy Issue)
Variable value
Issue Abb. Name Units Equation/ Definition/ Source Factor*
Hat Yai Chiang Mai Ubon.
(Number of people Unemployed) / (Total
g Um  Unemployment % people in working age), Source: http:// S 0.80 1.10 0.60
o
g statbbi.nso.go.th
£
3 Economic Inequality/ Gini Coefficient for wealth (inequality
> O IEq - S 0.47 0.42 0.45
g 2 Income between 0 and 1)
S o
c 2
o
U8J £ . Recovery time less than 2 weeks = 1,
= Rt Recovery time - S 2 1 2
< 2-4 weeks = 2, more than 4 weeks = 3
3
2 Maximum runoff of N .
8 RO o m°/s  Source: http://water.rid. go.th/hydrology/ E 1623.50 822.41 5134.00
@ ™ main river
>
Hm Hotel - Interviewing E 0.78 0.07 0.04
. . (Gross provincial product)/(Gross country
= Province and national
3 | . . - product)x100, Source: https://www. A 1.93 1.51 0.76
© income ratio
[} nesdc.go.th
£
=
Urban plannin
E‘ 3 Up P g - Interviewing A 1.00 0.74 0.76
S 3 enforcement
c O
g ¢
w s . Infrastructure s o
£ Ai o m’/s  Interviewing A 0.66 0.67 0.78
2 availability
8
E Dn Drainage capacity - Source: http://water.rid. go.th/hydrology/ A 910 445 2300
P Disaster preparedness - Interviewing A 0.71 0.74 0.76
Table 4  City Flood Vulnerability Index Variables (Environment Issue)
Variable value
Issue Abb. Name Units Equations/ Definition/ Source Factor*
Hat Yai  Chiang Mai Ubon.
) 5 Air quality data include SOZ,
g Air quality - NOz, COZ, 03, PM_ ., Source: http:/ S 11.35 17.90 18.49
c >
5 2 = airdthai.pcd.go.th/
E «- Q9
c .(:“ ©
.g =2 (Amount of waste not taken into
o}
g 3 3 the disposal system (tons/day)) /
8 Sw  Unmanaged solid waste - S 0.32 0.86 0.70
g (total amount of waste generated
(tons/day))
Data from the local government
> Green area % o A 36.70 10.69 23.11
= organizations
Qo
[
2 Urban planning
= - Interviewing A 1.00 0.74 0.76
s > enforcement
o
E S
§ 3 Water quality index ; Good water
E é Wq  Water quality - quality = 1.00 Very deteriorated A 0.50 0.75 0.50
‘qw“) water quality = 0.25
o
3 . Waste management plan
< Solid waste management .
b Swp available= 1 A 1 1 1

after flood

No waste management plan = 0
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Table 5 City Flood Vulnerability Index Variables (Physical Issue)

Equations/

Variable value

Issue Abb. Name Units L Factor®
Definition/ source HatYai  ChiangMai  Ubon.
T Topography % Interviewing/ Topographic S 5.20 10.00 3.00
% map
3
E 2 Fo  Frequency of flood event - (number of floods) / (years E 0.30 0.19 0.38
S .‘% 5 considered)
(=
2= 2
o ﬁ ; Ro Maximum runoff of m’/s Source: http://water.rid. E 1624 822 5134
] m
o main river go.th/hydrology/
=
R Infrastructure recovery time  day Interviewing S 3.62 2.35 13.06
Bc  Building code availability for - building control standard A 1 1 1
9 flooding preparedness available = 1
3 No building control standard
o 2
®W = = =0
g &8
> [}
£ 8 < DL Dikes/ levees length per % (Length of dikes or levees)/ A 86.87 42.86 31.25
@ = river length (total length of river)
@
>
Dn  Drainage capacity m/s Source: http://water.rid. A 910 445 2300

go.th/hydrology/

Note: * E = Exposure, S = Sensitivity, A = Adaptive capacity
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Figure 1 Flood Vulnerability Index
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Figure 2 Standardized Flood Vulnerability Index
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