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Multi-Dimensional Flood Damage Analysis (II): Application
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Choi, Seung An / Yi, Choong Sung / Shim, Myung Pil / Kim, Hung Soco

Abstract

This study is that MD-FDA and the existing method were applied together the outlet project under the
construction in the Gulpo River basin. The results of both of them meet the economic feasibility of the project.
But, MD-FDA evaluated the suitable damage according to situations; 1) without project, 2) after 20m outlet
construction, 3) after 80m outlet construction. That is, MD-FDA could exactly evaluate the Annual Expected
Flood Damage by considering the characteristics to the inundated area.

If MD-FDA may use in the flood control projects, the projects will be able to be taken into account all
characteristics of the total damage area and performed by reasonable criteria.

keywords : MD-FDA, economic analysis, annual average benefit
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——< 1 step: Drawing the Flood Inundation Map)—

O Choose several flood frequencies to apply
-2, 5,10, 20, 30, 50, 100yr

O Draw Flood Inundation Map
- Compute inundated area and depth

{

——( 2 step: Compute the Damage (MD-FDA) )—

O Survey properties in flooded area
O Compute Flooded Inclusion Rate
O Compute the flood damage by frequency

!

——@step: Compute the annual average damage}—

O Compute the annual average damage
O Compute the expected annual average damage

{

—{ 4 step: Compute Benefit and Cost )—‘

O Compute the total benefit
— Present value of the expected annual average
damage
O Compute the total cost

!

—-—( 5 step: Perform Economic Analysis >—

O Factor of economic analysis
— Benefit Cost ratio (B/C)
- Net Present Value (NPV)
- Internal Rate of Return (IRR)

Fig. 1. Procedure of Economic Analysis by

MD-FDA
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Fig. 2. Administrative Districts in Guipo—cheon basin
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Table 1. Inundated Areas according to Administrative Districts and Return Period {unit = km)
EupMyeonDong ' 100yr . S0yr . 30yr ’ 20yr

without| 20m | 80m |without| 20m |80m |without| 20m | 80m [without|{ 20m | 80m

Gonghang-dong 262 2.03 | 0.00 2.49 1.83 {1 0.00 2.40 176 | 0.00 2.32 1.64 | 0.00
banghwaZ-dong 0.83 071 | 0.00 0.81 0.65 1 0.00 0.79 062 | 0.00 0.77 057 | 0.00
Gyeyangldong 9.28 815 | 0.35 8.95 7.80 | 0.00 872 740 | 0.00 857 577 0.00
Gyeyang2dong 1.24 094 | 0.00 1.10 0.88 | 0.00 1.05 088 | 0.00 1.02 0741 0.00
Jakjeonseoun-dong 151 1.20 | 0.00 1.38 1.12 | 0.00 1.33 1.11 0.00 1.30 1.06 1 0.00
Galsan2-dong 0.04 0.02| 0.00 0.03 0.02 | 0.00 0.03 001| 0.00 0.03 0.00| 0.00
Samsan-dong 1.59 1.42 | 0.00 1.54 1.36 | 0.00 151 139 0.00 1.49 1.31 | 0.00
Gochon-myeon 298 229{ 0.00 2.73 2.10 1 0.00 2.61 1991 0.00 253 16341 0.00
gogangl-dong 0.03 0.00 | 0.00 0.02 0.00 | 0.00 0.01 0.00| 0.00 0.01 0.00 | 0.00
Sinheung-dong 0.34 0.18 | 0.00 0.28 0.16 | 0.00 0.26 014 0.00 0.24 0.13{ 0.00
Ojeong-dong 2.31 1.44 | 0.00 2.09 1.20 | 0.00 1.91 098 | 0.00 1.79 076 | 0.00
wonjong1-dong 0.03 0.00 | 0.00 0.02 0.00 000 -001 0.00 | 0.00 0.01 0.001 0.00
Sum 22.80 1838 | 035 | 21.44| 17.10|0.00| 20.63 16.27 | 0.00| 20.07 1362 | 0.00

10yr Syr 2yr

BupMyeonDong ™ ot zfz)ym 80m | without | 20m | 80m | without | 20m | 80m
Gonghang-dong 213 1.25 0.00 1.93 0.6 0.00 1.61 0.00 0.00
banghwa2-dong 0.74 0.44 0.00 0.68 0.19 0.00 0.56 0.00 0.00
Gyeyangldong 8.33 3.18 0.00 797 1.60 0.00 5.62 0.00 0.00
Gyeyang2dong 0.97 0.64 0.00 0.91 0.36 0.00 0.73 0.00 0.00
Jakjeonseoun—dong 1.24 113 0.00 1.16 0.77 0.00 1.05 0.00 0.00
GalsanZ2-dong 0.02 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.00
Samsan-dong 1.45 1.20 0.00 1.39 0.58 0.00 1.30 0.00 0.00
Gochon-myeon 2.37 1.24 0.00 2.19 0.66 0.00 1.59 0.00 0.00
gogangl-dong 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Sinheung-dong 0.20 0.10 0.00 0.17 0.06 0.00 0.13 0.00 0.00
Ojeong-dong 1.54 0.27 0.00 1.32 0.10 0.00 0.74 0.00 0.00
wonjongl-dong 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Sum 19.01 9.44 0.00 17.74 498 0.00 13.33 0.00 0.00

Table 2. The Expected Annual Flood Damages using the Modified Method
@ Case 1 @ Case 2 @ Case 3
26,847 23,738 3,502

Annual ®-© 26,847 - 23,738 = 3,109
expected - 26,847 - 3502 = 23,345
flood damage ®-® 23,738 - 3502 = 20,236
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Ref.) case 1 : without project, case 2 : after construction(20m width), case 3 : after construction(80m width)

Fig. 2. Drawing the Flood Inundation Map
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Table 3. Properties Value in Administrative Districts overlapped by Flood Inundation Area

Structures(million won) Contents(million won)
EupMyeonDong | households. Detac.hed Apartment | Rowhouse Detac'hed Apartment | Rowhouse
dwelling dwelling

Gonghang—dong 8,681 122,809 7,896 10,094 49,638 7,244 8,673
banghwa2-dong 9,219 130,421 8,386 10,719 52,714 7,693 9,210
Gyeyangldong 5,488 21,574 6,161 9,705 9,962 5,052 7,877
Gyeyang2dong 15,336 77,054 17,217 27,120 27,838 14,118 22,011
Jakjeonseoun—dong 11,232 56,434 12,609 19,862 20,388 10,340 16,121
Galsan2-dong 12,151 121,572 10,998 16,326 50,964 10,464 14,544
Samsan-dong 8,745 87,495 7915 11,750 36,679 7,531 10,467
Gochon-myeon 4431 61,707 4,195 3,505 35,657 3,631 2,628
gogangl-dong 7,237 112,072 5,143 14,658 30,878 5,010 13,447
Sinheung-dong 7,928 122,773 5,634 16,057 33,826 5,483 14,731
Ojeong-dong 8,220 127,295 5,841 16,649 35,072 5,691 15,274
wonjongl-dong 5,986 92,699 4,254 12,124 25,540 4,144 11,123
Sum 104,654 1,139,905 96,249 168,569 409,156 86,406 146,106
. Tangible assets & Inventories(million

Crops{million won) won)
EupMyeonDong . Wheat& . Red . .
Rice Garlic Sesame Sum Tangible assets Inventories
Barley pepper

Gonghang-dong 0 0 0 0 0 0 6,325,006 210,597
banghwa2-dong 0 0 0 0 0 0 1,394,133 103,696
Gyeyangldong 3,454 0 0 0 0 3,454 398,755 120,330
GyeyangZdong 602 0 0 0 0 602 310,536 66,375
Jakjeonseoun—dong 505 0 0 0 0 505 790,910 186,111
Galsan2-dong 61 0 0 0 0 61 807,143 207,750
Samsan-dong 13 0 0 0 0 13 585,793 150,777
Gochon-myeon 3,876 13 33 155 9 4,086 935,961 133,858
gogangl-dong 0 0 0 0 0 0 994,986 129,050
Sinheung-dong 0 0 0 0 0 0 688,089 59,819
Ojeong-dong 0 0 0 0 0 0 8,519,332 1,174,934
wonjongl-dong 0 0 0 0 0 0 427,259 53,791
Sum 8511 13 33 155 9 8,721 22,177,903 2,597,088

Ref. 1) Apartment(20th floors), Rowhouse(5th floors), Apartment units in a private house(5th floors).
Ref. 2) Rowhouse = Rowhouse + apartment units in a private house.
Ref. 3) No product of crops in Bucheon-si, Gangseo-gu.

Table 4. Inundation Areas to Farmland according to Return Period (Case 1) (unit : m)

Administrative districts 2yr Syr 10yr 20yr 30yr 50yr 100yr
Gochon-myeon . Rice paddy 1,341,832 | 1,984,032 | 2,098,056 | 2,228,499 | 2,283,240 | 2,364,516 | 2,555,463
Ojeong—-dong Rice paddy 561,016 | 1,185,947 | 1,375,887 | 1,607,148 | 1,718,306 | 1,878,196 | 2,085,247
Wonjongl-dong Rice paddy 0 0 54 7,220 11,183 17571 28,054
Sinheung-dong Rice paddy 64,912 84,862 89,295 94,281 96,285 98,501 102,375
Gogangl-dong Rice paddy 0 0 0 6,778 11,858 17,981 29,088
Gonghang-dong Rice paddy 1,447,895 | 1,777,106 | 1,883,803 | 1,995,067 | 2,029,978 | 2,076,479 | 2,149,803
BanghwaZ2-dong Rice paddy 544,508 666,817 677,058 687,597 691,659 696,166 701,583
Gyeyangl—dong Rice paddy 5,072,768 | 7,009,141 | 7,121,305 | 7,232,642 | 7,298491 | 7,409,606 | 7,587,695

Field 0 0 0 0 0 0 12
Gyeyvang2-dong Rice paddy 431,276 629,644 664,895 709,463 733,244 769,507 854,503
Jakjeonseoun-dong Rice paddy 500,192 623,452 661,266 681,967 689,749 703,514 749,573
Samsan-dong Rice paddy 602,207 678,634 692,446 707,194 712,869 721,036 740,129
Galsan2-dong Rice paddy 0 0 0 0 0 0 0
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Table 5. Inundated Ratio according to Return Period (Case 1)

dAi(Sig;.letratwe Classification 2yr Syr 10yr 20yr 30yr 50yr 100yr

Residental area 0.0018 0.0132 0.0136 0.0140 0.0140 0.0140 0.0144

Gochon-myeon Agricultural area 0.1250 0.1849 0.1955 0.2076 0.2127 0.2203 0.2381

Industrial area 0.0000 0.0000 0.0000 0.0000 0.0123 0.0123 0.0370

Residental area 0.0013 0.0064 0.0084 0.0103 0.0116 0.0129 0.0161

Ojeong-dong Agricultural area 0.1406 0.2972 0.3448 0.4027 0.4306 0.4707 0.5225

Industrial area 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

Residental area 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

Wonjongl-dong | Agricultural area 0.0000 0.0000 0.0001 0.0110 0.0170 0.0267 0.0427

Industrial area 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

Residental area 0.0000 0.0000 0.0000 0.0007 0.0007 0.0007 0.0053

Sinheung-dong | Agricultural area 0.5389 0.7045 0.7412 0.7826 0.7993 0.8177 0.8496

Industrial area 0.0000 0.0000 0.0026 0.0026 0.0052 0.0078 0.0156

Residental area 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

Gogangl-dong Agricultural area 0.0000 0.0000 0.0000 0.0113 0.0198 0.0300 0.0486

Industrial area 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

Residental area 0.0191 0.0191 0.0191 0.0191 0.0191 0.0194 0.0197

Gonghang-dong | Agricultural area 0.4140 0.5082 0.5387 0.5705 0.5805 0.5938 0.6147

' Industrial area 0.0139 0.0139 0.0139 0.0139 0.0139 0.0139 0.0139

Residental area 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

BanghwaZ2-dong | Agricultural area 0.3271 0.4006 0.4068 0.4131 0.4155 0.4182 0.4215

Industrial area 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

Residental area 0.0068 0.0960 0.0960 0.0964 0.0968 0.0972 0.1028

Gyeyangl-dong | Agricultural area 0.3748 0.5178 0.5261 0.5343 0.5391 0.5474 0.5605

Industrial area 0.0000 0.0631 0.0631 0.0631 0.0631 0.0721 0.0721

Residental area 0.0000 0.0021 0.0021 0.0021 0.0021 0.0021 0.0053

Gyeyang2-dong | Agricultural area 0.2962 0.4324 0.4567 0.4872 0.5036 0.5285 0.5868

Industrial area 0.0000 0.0000 0.0000 0.0066 0.0066 0.0066 0.0197

0.0053 0.0132 0.0198 0.0264 0.0277 0.0317 0.0501

Residental area 0.0000 0.0000 0.0000 0.0000 0.0147 0.0147 0.0147

Jakjeonseoun-dong 0.0000 0.0000 0.0000 0.0000 0.0000 0.0092 0.0275

Agricultural area 0.5564 0.6932 0.7353 0.7582 0.7668 0.7821 0.8330

Industrial area 0.0000 0.0000 0.0101 0.0202 0.0202 0.0202 0.0404

Residental area 0.0018 0.0018 0.0018 0.0018 0.0018 0.0018 0.0018

Samsan-dong Agricultural area 0.3517 0.3964 0.4044 0.4129 0.4163 0.4210 0.4321

Industrial area 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

Residental area 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

Galsan2-dong Agricultural area 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

Industrial area 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Table 6. Inundation Area to Farmland according to Return Period (Case 2) {unit = m)

Administrative district 2yr Byr 10yr 20yr 30yr 50yr 100yr
Gochon—-myeon Rice paddy 0 476,377 767549 | 1,373563 | 1,705,465 | 1,914,791 | 2,052,674
Ojeong-dong Rice paddy 0 35,069 121,674 582,673 789,427 | 1,077,691 | 1,300,094
Wonjongl~dong Rice paddy 0 0 0 0 0 0 0
Sinheung—dong Rice paddy 0 5,709 21,060 66,600 73,606 -82,144 87,617
Gogangl-dong Rice paddy 0 0 0 0 0 0 0
Gonghang-dong Rice paddy 0 565,535 872,739 | 1,476,375 | 1,096,212 | 1,724,151 | 1,837,533
Banghwa2-dong Rice paddy 0 190,715 342,472 551,369 603,101 659,294 672,646
Gyeyangl-dong Rice paddy 0] 1,258786 | 2,115,272 | 5,208,182 | 6,622,740 | 6,960,709 | 7,084,915
Gyeyang2-dong Rice paddy 0 107,565 224,499 442919 564,825 609,358 650,115
Jakjeonseoun—dong Rice paddy 0 282,947 373,471 507,611 558,933 608,522 642,409
Samsan-dong Rice paddy 0 251,707 431,758 607,050 643,232 669,968 686,615
Galsan2-dong Rice paddy 0 0 0 0 0 0 0

$39%F B 20064 1H

17



Table 7.Inundated Ratio according to Return Period (Case 2)

?igirl};éltlstratwe Classification 2yr Syr 10yr 20yr 30yr S0yr 100yr
Residental area 0.0000 0.0004 0.0011 0.0018 0.0125 0.0129 0.0136
Gochon—-myeon | Agricultural area 0.0000 0.0444 0.0715 0.1280 0.1589 0.1784 0.1912
Industrial area 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Residental area 0.0000 0.0013 0.0013 0.0019 0.0019 0.0068 0.0077
Ojeong-dong | Agricultural area 0.0000 0.0088 0.0305 0.1460 0.1978 0.2701 0.3258
Industrial area 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Residental area 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Wonjongl-dong | Agricultural area 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Industrial area 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Residental area 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Sinheung-dong | Agricultural area 0.0000 0.0474 0.1749 0.5530 06111 0.6819 0.7273
Industrial area 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Residental area 0.0000 0.0000 {- 0.0000 0.0000 0.0000 0.0000 0.0000

Gogangl-dong | Agricultural area 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 |
Industrial area 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Residental area 0.0000 0.0170 0.0186 0.0191 0.0191 0.0191 1.0000
Gonghang—-dong | Agricultural area 0.0000 0.1617 0.2496 0.4222 0.4564 0.4930 0.5254
Industrial area 0.0000 0.0139 0.0139 0.0139 0.0139 0.0139 0.0139
Residental area 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Banghwa2-dong | Agricultural area 0.0000 0.1146 0.2057 0.3312 0.3653 0.3961 0.4041
Industrial area 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Residental area 0.0000 0.0008 0.0008 0.0076 0.0442 0.0960 0.0960
Gyeyangl-dong | Agricultural area 0.0000 0.0930 0.1563 0.3848 0.4893 0.5142 0.5234
Industrial area 0.0000 0.0000 0.0000 0.0000 0.0090 0.0631 0.0631
Residental area 0.0000 0.0000 0.0011 0.0011 0.0011 0.0021 0.0021
Gyeyang2-dong | Agricultural area 0.0000 0.0739 0.1542 0.3042 0.3879 0.4185 0.4465
Industrial area 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Residental area 0.0000 0.0053 0.0053 0.0053 0.0079 0.0106 0.0172
Jakjeonseoun—dong | Agricultural area 0.0000 0.3148 0.4155 0.5646 0.6217 0.6767 0.7143
Industrial area 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0101
Residental area 0.0000 0.0000 0.0000 0.0018 0.0018 0.0018 0.0018
Samsan-dong | Agricultural area 0.0000 0.1470 0.2522 0.3546 0.3757 0.3913 0.4010
Industrial area 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Residental area 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Galsan2-dong | Agricultural area 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Industrial area 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

423 &y ysd AR += Case 13 dig|A 2, 59, 1043, 20, 303, 504,
AFT9Y Mk, AeRgE, Aedd Felg 1008 W1%9o] Fof gk dsfi-g yehla gt

9 9)8) S AHAEAT} Table 8~11

Table 8. Flood Damages according to Return Period (Case 1)

(unit = million won)

Damage Categories 2yr byr 10yr 20yr 30yr B0yr 100yr

Residential | Structure 1,836 3,098 3,190 3,296 5,300 5,389 5812
area Contents 627 1,096 1,126 1,160 1,930 1,972 2,132
Agricultural | Farmland 1,433 3,762 3,762 3,762 9,390 9,390 9,390
area Crops 1,300 2,079 2,129 2,179 3,128 3,166 3,249
Industrial Tangible assets 69,312 75,939 82,940 35,267 121,283 127,264 152,722
area Inventories 1,714 2,336 3,468 3,765 7,214 7,745 9,936
Infrastructure Damage 129,203 150,446 163,666 168,432 251,129 262,444 310,411
person 1,911 2,553 2,736 2,384 2,967 3,084 3272
Total 207,386 241,810 263,018 270,745 402,343 420,454 496,924
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Table 9. Flood Damages according to Return Period (Case 2) {unit : million won)

Damage Categories 24 5 108 20 308 50 1004
Residential | Structure 0 571 984 1,926 2,199 2,516 3,130
area Contents 0 195 371 641 756 863 1,110
Agricultural | Farmland 0 151 301 1,433 1,433 1,433 3,762
area Crops 0 359 579 1,325 1,588 1,687 2,109
Industrial Tangible assets 0 20,381 39,795 69,312 70,145 75,146 77,793
area Inventories 0 374 781 1,714 1,853 2,685 3,077
Infrastructure Damage 0 37,321 72,520 129,337 132,089 142,855 154,121
person 0 698 1,329 1,955 2,335 2,464 2,646
Total 0 60,050 116,658 207,642 212,399 229,650 247,748
Table 10. Flood Damages according to Return Period (Case 3) (unit : million won)

Damage Categories 2yr Syr 10yr 20yr 30yr 50yr 100yr
Residential | Structure 0 0 0 0 0 0 0
area Contents 0 0 0 0 0 0 0
Agricultural Farmland 0 0 0 0 0 0 0
area Crops 0 0 0 0 0 0 6
Industrial Tangible assets 0 0 -0 0 0 0 0
area Inventories 0 0 0 0 0. 0 0
Infrastructure Damage 0 0 0 0 0 0 10
person 0 0 0 0 0 0 55
Total 0 0 0 0 0 0 71
Table 11. Final Results of Flood Damages according to Return Period (unit = million won)

2yr 5yr 10yr 20yr 30yr 50yr 100yr
Without project 207,386 241,810 | 263,018 270,745 402,343 420,454 496,924
After 20m-width diversion 0| 60050| 116658| 207642| 212399| 229650 247748

construction
After 80m-w1dth diversion 0 0 0 0 0 7
construction
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Table 12. Computation of the Expected Annual Fiood Damages

@ Case 1 @ Case 2 @ Case 3
121,646 34,785 0.36
Annual ®-0 121,646 -~ 34,785 = 86,361
expected ®-0 121,646 - 0.360 = 121,646
flood damage @-0 34,785 - 0.360 = 34,785

Table 13. Cost Allocation (or Distri

bution) for Economic Analysis

Cost allocation(million won)
Sum 2005 2006 2007
Construction cost 467,10 186,84 140,13 140,13
Compensation cost 50,80 15,24 35,56 -
Management cost and others 36,10 14,44 10,83 10,83
sum 553,90 216,52 186,52 150,96
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Table 14. The resulis of Economic Analysis for Diversion Channel Construction in the Basin of

Gulpo—-Cheon Stream

Economic evaluation criteria B/C NPV (billion won) IRR(%)
Modified method 1.26 1,368 713
MD-FDA 2.39 7,310 11.07
Table 15. Cash Flow Table to Cost—Benefit {unit : million won)
Modified method MD-FDA
year . Present value (2003yr) . Present value (2003yr)
Cost Benefit Cost Benefit Cost Benefit Cost Benefit
2005 216,520 0 216,520 0 216,520 0 216,520 0
2006 186,520 0 175,962 0 186,520 0 175,962 0
2007 150,960 0 134,354 0 150,960 0 134,354 0
2008 23,560 19,781 44,651 37,490
2009 24,785 19,632 46,973 37,207
2010 26,074 19,484 49,416 36,926
2020 38,604 16,108 73,164 30,529
2030 56,600 13,188 107,271 24,994
2040 85,407 11,112 161,867 21,060
2050 128,876 9,363 244 250 17,745
2057 171,838 8305 325,769 15,740
Sum 554,000 3740,748 526,836 663,661 554,000 7,089,601 526,336 1,257,795
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