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Abstract

Economic analysis is a basic step in establishing disaster mitigation measures, but it is difficult to verify the results due to uncertainty.
Therefore, the scope of investigation and analysis is wide. However, it is difficult to predict the amount of damage caused by flooding
because the collection of relevant data is limited in the ungauged basin. In this study, distributed runoff analysis and flooding analysis
were performed, and a method of estimating the amount of flood damage in the ungauged basin was proposed using collectible social and
economic indicators and flood analysis results. For distributed runoff analysis and flooding analysis, GRM (Grid based Rainfall-runoff
Model) and G2D (Grid based 2-Dimensional land surface flood model) developed by Korea Institute of Civil engineering and Building
Technology were used. The method of substituting collectible social and economic indicators into the simple method and improvement
method was used to estimate the amount of flood damage. As a result of the study, it was possible to estimate the amount of flood damage
using satellite data and social and economic indicators in the ungauged basin.
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Table 1. List and explanation of the data used in the analysis

Change Adaption for Water Resources, CCAW)J|A|, EF =
+ UN A5 7149 2tm & 240l ARESHITE 24 ofl AF
S5 2t 55 9 W-8-2 ofefl Table 1] A X515 4=l
A Aol frEolA o] Aite w2 v s =8 A
FETEAE R e e A AARA o s 4R
sto] BAS S=agstlnt. ek Tt I /) 9 o] 5 2HE 1
Sjol, 7k wof o 4Hg W B 7] 7S - A9 ARR]-
AR TE 5t Mg IRt HodS FAbstgl o,
H o] A 52T Fig 137} Zt}

Data List Explanation of Data Source Web site
. Rainfall Data per Hour of .
Typh “Rusa” Rainfall K M 1 |
P Soi(r):ulat?osr? Dazn a Gangneung Rainfall Observation Station or;zmiities(;:;izilca https://data.kma.go.kr/
(24Hour, 2002.08.31. 03:00~2002.09.01. 02:00)
Digital El ion Model ional hi
igital Elevation Mode National Geographic https://www.ngii.zo i/

(Resolution of 90 x 90 (m))

Information Institute

Topography and Land Cover Map Climate Change Adaption for )
Soil Data (Resolution of 500 x 500 (m)) Water Resources (CCAW) http://gwb-ccaw.re.kr/
Soil Map Food and Agriculture Organization

(Resolution of 500 x 500 (m))

http://www.fao.org/

of the United Nations (UN FAO)

Rainfall Data

«  Typoon Rusa in 2002(Gangneung Station)
= 2002.08.31.03:00~2002.09.01.02:00(24 Hour)

Hydrologic Parameters based on Satellite Data

Digital Elevation Model (DEN)
LandUse
Soil Type

k.

Rainfall Distribution

+  Method : Areal Reduction Factor (ARF)

GRM Data Input (Rainfall-Runoff Analysis)

Study Area* Daedong River Basin

Y

GRM Analysis Output

Runoff Hydrograph of Selected Points

Y
G2DDataInput (Flooding Analysis)

Study Area : Pyvongyang

¥
G2D Analysis Output

Flood Inundation Depth (m)
Flood Inimdation Aream)

Calcuation of Damage by Flood Immdation

CropLoss
Building Loss

Fig. 1. Research flowchart of this study
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Table 2. Area reduction factor by distance from the center of rainfall

Regression constant | Distance Area | Area Reduction
M a b (km) (km?) Factor
10 314 0.92
20 1,256 0.87
30 2,826 0.84
40 5,024 0.81
50 7,850 0.79
60 11,304 0.77
70 15,386 0.75
80 20,096 0.73
2.52800.1661 | 0.0994 90 25,434 0.72
100 31,400 0.71
110 37,994 0.69
120 45,216 0.68
130 53,066 0.67
140 61,544 0.66
150 70,650 0.65
160 80,384 0.64
170 90,746 0.63
]
Daedong River Basin
O
Pyongyang
Gangne ng

O s e Y

Fig. 4. Conceptual diagram of rainfall distribution
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(b) Land cover

(c) Soil type

Fig. 5. Data used for grid based rainfall-runoff model
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| G W W S '

Max. Inundation depth(m)

0 1 2 3 4 5 6 7 8

Fig. 7. Expected flood inundation area in Pyongyang

Table 3. Area and ratio by depth of flood inundation

Inundation Depth (m) 1 2 3 4 5 6 7 8
Inundation Area (km?) 46.4 441 37.2 349 51.0 39.3 46.2 28.9
Rate of Inundation Depth (%) 14.2 13.4 11.3 10.6 15.6 12.0 14.1 8.8

0 45 9 18 Kilometers|

I Viountain
]: Grass

Farmland

Il Ariticial Surfaces
- Water

Fig. 8. Expected flood inundation area by land cover type
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Table 4. Ratio of flood inundation area by land cover type

Type of Land Cover | Area by Type of Land Cover (km?) by E;(;)Zdolfnlil::gtlco :V?rrze:mz) The Ratlob;fggsg(?gf; t(oo A:l)"otal Area
Mountain 798.0 17.0 2.1
Farmland 1814.4 255.6 14.1
Artificial Surfaces 67.1 25.1 37.4

Table 5. Calculation of flood damage area of farmland

Farmland Area in Pyongyang The Ratio of Inundation to Total Farmland Area Flood Damage Area of Farmland
(991.7 m%) (991.7 m%)
1,829,511.8 257,961.2
Table 6. Calculation of crop yield per unit area (991.7 m?)
Annual Crop Production in Pyongyang Farmland Area in Pyongyang Crop Yield Per Unit Area
(1,000 ton) (991.7 m?) (kg/991.7 m?)
124.8 1,829,511.8 68

Table 7. Calculation of the amount of crop damage by flood inundation

Flood Damage Area Crop Yield Per Exchange Rate of Korean Amount of Crop Damage
of Farmland Unit Area Won-U.S. Dollor Caused by Flood Inundation
(991.7 m%) (kg/991.7 m?) (Korean Won) (Billion Korean Won)
124.8 68 1,136.6 11.7
0] A AA| TAHA 67.1 km®> F374%7 A5H Ao= TH 2 A= 9l t(Table 5).
BTG S EAAE FAYE E U AR A 02 B EHKREL 2016 HTA) A
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Table 8. Calculation of the number of buildings in the flooded area

Type of Building Number of Buildings The iﬁi%g;{n;liizzf: (EZ)TOtal Numbelilzf)dB:(ilz‘iirI::is e
Detached House 45,267 16,930
Row House 218,180 37.4 81,599
Apartment 434,230 162,402

Table 9. Calculation of the amount of building damage by flood inundation

Value of The Ratio Amount of Building
Type of o Building Average Number of Buildings Damage Caused by
o Building Assets . of Damage .
Building (Korean Won) Number of Floors in the Flooded Area %) Flood Inundation
8 (Billion Korean Won)
Detached House 5,683,050 1 16,930 100 96.2
Row House 11,366,100 5 81,599 40 371.0
Apartment 130,710,150 15 162,402 5.5 1,167.5
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