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Abstract — Damage of both life and property has been increased by natural disaster under the influence of climate
change, thus many natural disaster vulnerability researches have been carried out to make adaptation policy and
impact assessment of climate change recently. Their method for assessing vulnerability usually have used proxy
variables for making vulnerability indices. However, because their results were too qualitative and relative it tends
to be hard to make absolute comparison and establish standard of prevention or adaptation ability. Accordingly, this
study aimed at quantifying natural disaster vulnerability using emergy through recognizing disaster as the relations
between order and disorder by system approach. As a result, ordering energy (4.66E+22 sej/yr) and ordered struc-
ture (1.98E+22 sej) of Busan in 2003 and disordering energy (7.80E+18 sej), disordered parts (4.55E+20 sej) and
rebuilding energy (3.87E+20 sej) by typhoon Maemi were analysed. And then, this was compared with Hurricane
Andrew in Dade County. Through this comparison, if the prevention ability of Busan increases, disordered parts
can be reduced against the more powerful disordering energy. Also, prevention for additional damages by disaster
is needed to practical rebuilding action. In conclusion, it was able to figure out the impact of disaster quantitatively
by natural systems and urban systems showing as common measure. Based on this study and further research to
make effective prevention for how much prevention ability should be increased will contribute to producing the
scientific data for disaster management policy in future.
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Fig. 1. System diagram of Order and Disorder (Brown and Woithe
[1995]).
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Fig. 2. Energy system diagram of Busan.
Table 1. Emergy analysis for Busan in 2003
No Item Raw units Unit Energy Value (UEV) Solar Emergy (sej/yr)
Renewable resources
1 Sunlight 6.59E+18 J/yr 1Y sej/] 6.59E+18
2 Wind 4.93E+15 J/yr 1.86E+03" sej/J 9.15E+18
3 Rain, chemical 8.78E+15 J/yr 2.31E+04" sej/T 2.03E+20
4 Rain, geopotential 6.15E+14 J/yr 3.56E+04" sej/J 2.19E+19
5 Waves 5.44E+15 J/yr 3.88E+04" sej/J 2.11E+20
6 Earth cycle 7.63E+14 J/yr 4.37E+04? sej/T 3.33E+19
7 Tide 2.41E+15 J/yr 5.60E+04" sej/J 1.35E+20
8 River, chemical 4.69E+15 J/yr 6.16E+04" sej/] 2.89E+20
Nonrenewable sources use from within system
Top Soil 1.35E+14 J/yr 9.40E+04” sej/] 1.27E+19
10 Groundwater 2.27E+14 J/yr 2.06E+05 sej/J 4.68E+19
Indigenous renewable energy
11 Agricultural Production 7.22E+14 J/yr 2.55E+05 sej/J 1.84E+20
12 Fisheries Production 1.28E+15 J/yr 2.55E+06" sej/J 3.26E+21
Purchased input sources
13 Coal 1.15E+15 J/yr 5.09E+04" sej/J 5.84E+19
14 Natural gas 3.67E+16 J/yr 6.10E+04" sej/J 2.24E+21
15 Eletricity 5.32E+16 J/yr 2.21E+05" sej/J 1.17E+22
16 Petroleum products 2.14E+17 J/yr 8.41E+04" sej/] 1.80E+22
17 Import G&S 3.64E+13 W/yr 3.81E+08? sej/W 1.39E+22

UEV has been adjusted for GEB of 12.00E+24 sej/yr

UEV Sources: "Odum et al. [2000], ?Odum [2000], Brown and Ulgiati [2011], “Brown et al. [1993], ?Brown and MaClanahan [1996],

9m [2011].
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Table 2. Emergy analysis for structure in Busan
No Item Raw units Unit Energy Value (UEV) Solar Emergy (sej)
Natural system structure
1 Inland wetlands 224E+12] 4.45E+04" sej/] 9.96E+16
2 Coastal wetlands 7.78E+12 ] 4.45E+04" sej/] 3.46E+17
3 Broad-leaved forests 4.63E+15] 4 45E+04" sej/] 2.06E+20
4 Coniferous forests 8.28E+15 ] 4 45E+04" sej/] 3.68E+20
5 Mixed stand forests 8.04E+15J 4 45E+04" sej/] 3.58E+20
Agriculture system structure
6 Agriculture area 1.32E+14 ] 4 45E+04" sej/] 5.88E+19
Urban system structure
7 Urban parks 5.80E+12 ] 4 45E+04" sej/] 2.58E+17
8 Transportation area (subase rock) 1.91E+11 g 8.52E+06" sej/g 1.63E+18
9 Transportation area (asphalt) 3.11E+151) 6.74E+04" sej/] 2.10E+20
10 Industrial & Commercial area (concrete) 9.48E+13 g 8.04E+07* sej/g 7.62E+21
11 Residential area (concrete) 1.37E+14 g 8.04E+07* sej/g 1.10E+22

UEV has been adjusted for GEB of 12.00E+24sej/yr

UEV Sources: "Brown and Woithe [1995], ?Brown and MaClanahan [1992].
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Fig. 3. Systems diagram of the inflows of disordering and ordering energies that resulted from Typhoon Maemi in Busan.
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Table 3. Disorder by typhoon Maemi in Busan

3l = PRl 18]I N=F-(Andrew)2] ol™X] H7} A& (Brown
and Woith, 1995), 20063 th5t Hshi-Chih #|ol] 2 )a)E n|A
B 2F4ll (Xangsane)2] lMA] %7} All(Chang and Huang, 2011)
o} 2 A A= vusi Rk

Al ME=F-2 oUR= 3.17E+20 sej, AN O = Q13
Q3 1.59E+20 sej= Bl mlin| =} Aol <} sl ak 25 o
- ZARE, Agl oA 1991 e BE vifn] 7} 58.344H, 5
A A=F7F 5039012 FAE X]o] ke T3] o] Dade
County®U} ATR= Z21& & = QUQltt. F3ll& E+sp] flgt 5+
o] 9] 7-$-, Dade county:= #|&jo] Wk FdkHt} 2 9om) & 4=
T B ouAE FRISIIA| T o] nlal] FAke] -, As o
A &l GFdo] Fgole E-ekal sl FTF] 0.86H1 = H-
SIGITE. o] F Sl FAke] A9 BlF winlnek o 2 o] ek
G Al OppleiiE Ale g B7sds A ATolor B
e = Qlrk. Bis A A, BE olUA] 2] Z717F 1.63E+18 sej,
Al G 1L.11E+21 sej, J7-olUA] 4.54E+1924] Bl vijn] k.
o} A3l olu#] ] F71= ARk Fdlls U IA eSS
&3l F-4le] Hshi-Chih A it WAlsEo] 4 218 & 5= 3l

No Item Raw units Unit Emergy Value (sej/unit) Solar Emergy (sej)
Disordering energy
1 Typhoon Maemi 1.85E+151] 4.92E+03" sej/] 7.80E+18
Disordered parts
Natural system
2 Forest(biomass) 4.78E+10J 4.45E+04? sej/] 2.12E+15
Agriculture systems
3 Rice paddy crops 8.42E+14 kg 6.80E+11? sej/kg 1.76E+18
Dry paddy crops 2.92E+09 kg 6.80E+11? sej/kg 1.98E+19
Urban systems
5 Building(residential area) 1.94E+10 g varies sej/g 3.83E+19
6 Infrastructure(transportation area) 1.33E+10 W 1.09E+09" sej/W 1.44E+19
7 Infrastructure (industrial & commercial area) 2.98E+11 W 1.09E+09" sej/W 3.23E+20
8 Productivity 5.32E+10 ¥ 1.09E+09" sej/¥ 5.78E+19
Sub total 4.55E+20
Rebuilding energy
9  Volunteer workers 9.38E+111]J 1.03E+05" sej/J 9.66E+16
10 Local funds 7.10E+09 W 1.09E+09” sej/W 7.71E+18
11 Government funds 3.49E+11 W 1.09E+09° sej/ W 3.79E+20
Sub total 3.87E+20

UEV has been adjusted for GEB of 12.00E+24 sej/yr

UEV Sources: "Odum [2000], ?Brown and Woithe [1995], In this study, “Huang and Kao [2002]

Table 4. Comparison of disorder emergy with other study

Items Typhoon Maemi” Hurricane Andrew?” Typhoon Xang-sane”
D  Disordering energy 7.80E+18 sej 3.17E+20 sej 1.63E+18 sej
@  Disordered parts 4.55E+20 sej 1.59E+22 sej 1.11E+21 sej

@  Rebuilding energy 3.87E+20 sej

4.65E+22 sej 4.54E+19 sej

UEV has been adjusted for GEB of 12.00E+24sej/yr

Source : VIn this study, ?Brown and Woithe, 1995 Chang and Huang, 2011
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