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Abstract

This study is estimated the flood damage probability of the flood discharge, the flood stage estimation and Economic Analysis
for Flood Control about considering of uncertainty. Sum River Basin has chosen and the probability precipitation is estimated
by using the concept of critical rainfall duration depending on the frequency of each flood stage estimation point. For
calculating the expected annual damage, the functions of long term hazard, discharge—frequency, stage—discharge and
depth—damage are established for 8 areas in Sum River Basin. The expected annual damaged is obtained which is based
on the sampling informations through more than 500,000 simulation from the functions of considered uncertainty. The
result about the optimum frequency and Investment Priorities are estimated by conducting the evaluation about planning
the levee of various of Design Frequency. In analysis result, 12% of B/C value has increased if the uncertainty has concerned.
Also the optimum frequency or Investment Priorities are possible to be changed. If the political and social analysis perform
together it would be helpful to have a reasonable decision other than only the economical analysis as actual Flood damaged

reduction planning.
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Table 1. Damage Area and Flood damage reduction plan
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Basin Damage Area Reduction Plan
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Fig. 3 Stage-Discharge Function (rating curve, Mo Pyung).
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Table 2. Damage according to the design frequency
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(Unit : 1000 Won)

River Area Design Frequency Expected Annual Damage Estimation
50y 80y 100y 150y 200y | Contain Uncertainty Analysis| No Uncertainty Analysis
W.S1 | 275,880 | 325,637 | 356,801 | 383,422 | 419,734 24,376 19,746
W.S2 | 223,501 | 264,227 | 351,422 | 373,944 | 405,345 21,048 17,271
MH | 249,347 | 281,310 | 319,355 | 351,473 | 391,731 20,067 17,407
Sum M] 357,354 | 464,390 | 527,198 | 568,257 | 714,420 24,319 20,784
River D.D 67,833 | 79,639 | 89,200 | 99,973 | 116,086 6,018 5,410
M.P 80,807 | 95,298 | 115,816 | 140,120 | 154,712 8,543 7,446
M.O 77,928 | 90,920 | 105,526 | 113,886 | 126,562 6,525 5,641
S.B 202,259 | 292,827 | 379,959 | 431,930 | 475,278 37,272 28,074
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Table 3. Result of B/C Considering Uncertainty.
B/C B/C
Area Frequency Contain No . Area Frequency Coma‘in No .
Uncertainty Uncertainty Uncertainty Uncertainty
Analysis Analysis Analysis Analysis
30 0.8218 0.5655 30 0.6943 0.5929
50 0.9640 0.7844 50 0.7882 0.7245
Wol Songl 80 1.0169 0.8664 Mo Pyung 80 0.8184 0.7756
100 1.0274 0.8602 100 0.8277 0.7668
200 1.0183 0.8572 200 0.7551 0.6936
30 0.9335 0.6941 30 0.5555 0.5030
50 1.0747 0.9049 50 0.6351 0.6234
Wol Song2 80 1.1168 0.9852 Dae Duk 80 0.6378 0.6430
100 1.1188 0.9666 100 0.6504 0.6371
200 1.0981 0.9499 200 0.5250 0.5049
30 0.5456 0.4383 30 0.4125 0.3543
50 0.6867 0.6285 50 0.5862 0.5633
Mae Ho 80 0.7088 0.6757 Ma Ok 80 0.5464 0.5409
100 0.7204 0.6702 100 0.5648 0.5367
200 0.7104 0.6523 200 0.5732 0.5289
30 0.4259 0.3154 30 1.1147 0.8833
50 0.9833 0.9762 50 1.2355 1.0371
Mu Jang 80 1.1613 1.2043 Su Bak 80 1.1807 1.0153
100 1.2092 1.1958 100 1.1892 1.0072
200 1.2211 1.1665 200 1.1834 0.9949
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Table 4. Annual Exceedance probability and Long term hazard
Target Annual exceedance probability Risk
River Frequency Area Water of Target Water Level
Level Median Expected value 10y 25y 50y
W.S1 65.68 0.1280 0.1360 0.7682 0.9741 0.9993
W.S2 65.80 0.1080 0.1160 0.7102 0.9548 0.9980
N M]J 79.87 0.0560 0.0620 0.4728 0.7982 0.9593
b .On MH 79.37 0.1010 0.1070 0.6765 0.9405 0.9965
. esi8 M.P 86.72 0.1390 0.1450 0.7911 0.9800 0.9996
requency DD 86.68 0.1440 0.1490 0.8000 0.9821 0.9997
SB 121.58 0.2060 0.2060 0.8998 0.9968 1.0000
M.O 121.90 0.1410 0.1440 0.7883 0.9794 0.9996
W.S1 Levee H 0.0330 0.0370 0.3172 0.6147 0.8516
W.S2 Levee H 0.0330 0.0370 0.3172 0.6147 0.8516
Desion M.] Levee H 0.0330 0.0360 0.3095 0.6038 0.8431
. esi8 M.H Levee H 0.0330 0.0360 0.3092 0.6034 0.8427
re%ency M.P Levee H 0.0330 0.0360 0.3084 0.6023 0.8418
Y D.D Levee H 0.0330 0.0360 0.3081 0.6018 0.8415
SB Levee H 0.0330 0.0380 0.3182 0.6165 0.8529
M.O Levee H 0.0330 0.0380 0.3182 0.6162 0.8527
W.S1 Levee H 0.0200 0.0260 0.2298 0.4794 0.7290
W.S2 Levee H 0.0200 0.0260 0.2282 0.4767 0.7261
Desi M.J Levee H 0.0200 0.0250 0.2221 0.4663 0.7152
Freeilegﬁc MH Levee H 0.0200 0.0250 0.2221 0.4663 0.7152
20 Y M.P Levee H 0.0200 0.0250 0.2217 0.4656 0.7145
Y DD Levee H 0.0200 0.0250 0.2217 0.4656 0.7145
SB Levee H 0.0200 0.0260 0.2330 0.4848 0.7346
Sum M.O Levee H 0.0200 0.0260 0.2328 0.4845 0.7342
River W.S1 Levee H 0.0120 0.0190 0.1715 0.3753 0.6097
W.S2 Levee H 0.0120 0.0190 0.1715 0.3752 0.6097
Desion MJ Levee H 0.0120 0.0180 0.1675 0.3676 0.6001
i gn MH Levee H 0.0120 0.0180 0.1675 0.3676 0.6001
eg‘ée < M.P Levee H 0.0120 0.0180 0.1670 0.3668 0.5990
Y D.D Levee H 0.0120 0.0180 0.1671 0.3668 0.5990
SB Levee H 0.0120 0.0190 0.1781 0.3876 0.6250
M.O Levee H 0.0120 0.0190 0.1781 0.3876 0.6250
W.S1 Levee H 0.0100 0.0150 0.1411 0.3164 0.5327
W.S2 Levee H 0.0100 0.0150 0.1411 0.3164 0.5327
Desian M.] Levee H 0.0100 0.0150 0.1363 0.3067 0.5193
Frees fnc MH Levee H 0.0100 0.0150 0.1363 0.3067 0.5193
1‘1;0 Y M.P Levee H 0.0100 0.0150 0.1367 0.3075 0.5204
Y D.D Levee H 0.0100 0.0150 0.1367 0.3075 0.5204
SB Levee H 0.0100 0.0160 0.1476 0.3291 0.5499
M.O Levee H 0.0100 0.0160 0.1476 0.3291 0.5499
W.S1 Levee H 0.0050 0.0090 0.0822 0.1931 0.3489
W.S2 Levee H 0.0050 0.0090 0.0822 0.1931 0.3489
Desien MJ Levee H 0.0050 0.0080 0.0818 0.1921 0.3473
e uegnc M.H Levee H 0.0050 0.0080 0.0813 0.1911 0.3457
2qoo Y M.P Levee H 0.0050 0.0080 0.0791 0.1861 0.3375
Y D.D Levee H 0.0050 0.0080 0.0791 0.1861 0.3375
SB Levee H 0.0050 0.0100 0.0919 0.2141 0.3823
M.O Levee H 0.0050 0.0100 0.0919 0.2141 0.3823
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Table 5. Annual Exceedance probability and Conditional non-exceedance probability

Target Annual exceedance probability . .

River | Frequency Area Water of Target Water Level Conditional Nonexceedance Probability
Level Median Expected value | 10.0% | 4.0% | 2.0% | 1.0% | 0.4% | 0.2%
W.S1 65.68 0.1280 0.1360 0.3265 | 0.0601 | 0.0209 | 0.0095 | 0.0043 | 0.0028
W.S2 65.80 0.1080 0.1160 0.4407 | 0.0977 | 0.0347 | 0.0162 | 0.0073 | 0.0044
No M.J 79.87 0.0560 0.0620 0.8489 | 0.3239 | 0.1369 | 0.0667 | 0.0291 | 0.0182
Design M.H 79.37 0.1010 0.1070 0.4896 | 0.1030 | 0.0350 | 0.0162 | 0.0074 | 0.0045
Frequency M.P 86.72 0.1390 0.1450 0.2434 1 0.0362 | 0.0118 | 0.0057 | 0.0026 | 0.0018
D.D 86.68 0.1440 0.1490 0.2256 | 0.0339 | 0.0117 | 0.0056 | 0.0027 | 0.0019
S.B 121.58 0.2060 0.2060 0.0786 | 0.0149 | 0.0060 | 0.0036 | 0.0023 | 0.0018
M.O 121.90 0.1410 0.1440 0.2605 | 0.0555 | 0.0224 | 0.0120 | 0.0065 | 0.0045
W.S1 Levee H 0.0330 0.0370 0.9666 | 0.6146 | 0.3339 | 0.1858 | 0.0898 | 0.0550
W.S2 Levee H 0.0330 0.0370 0.9666 | 0.6146 | 0.3339 | 0.1858 | 0.0898 | 0.0550
Design M.J Levee H 0.0330 0.0360 0.9781 | 0.6221 | 0.3270 | 0.1805 | 0.0863 | 0.0531
Frequency M.H Levee H 0.0330 0.0360 0.9781 | 0.6220 | 0.3267 | 0.1812 | 0.0873 | 0.0536
30y M.P Levee H 0.0330 0.0360 0.9790 | 0.6242 | 0.3284 | 0.1807 | 0.0866 | 0.0531
D.D Levee H 0.0330 0.0360 0.9790 | 0.6244 | 0.3276 | 0.1816 | 0.0876 | 0.0536
S.B Levee H 0.0330 0.0380 0.9602 | 0.6084 | 0.3486 | 0.2100 | 0.1154 | 0.0779
M.O Levee H 0.0330 0.0380 0.9602 | 0.6084 | 0.3486 | 0.2100 | 0.1154 | 0.0779
W.S1 Levee H 0.0200 0.0260 0.9931 | 0.7824 | 0.5000 | 0.3064 | 0.1588 | 0.1013
W.S2 Levee H 0.0200 0.0260 0.9931 | 0.7824 | 0.5000 | 0.3064 | 0.1588 | 0.1013
Design M.J Levee H 0.0200 0.0250 0.9961 | 0.7975 | 0.4996 | 0.3011 | 0.1548 | 0.0992
Frequency MH Levee H 0.0200 0.0250 0.9961 | 0.7975 | 0.4996 | 0.3011 | 0.1548 | 0.0992
50 M.P Levee H 0.0200 0.0250 0.9962 | 0.7986 | 0.5000 | 0.3012 | 0.1541 | 0.0983
Y D.D Levee H 0.0200 0.0250 0.9962 | 0.7986 | 0.5000 | 0.3012 | 0.1541 | 0.0983
S.B Levee H 0.0200 0.0260 0.9899 | 0.7668 | 0.4994 | 0.3220 | 0.1849 | 0.1279
Sum M.O Levee H 0.0200 0.0260 0.9899 | 0.7668 | 0.4994 | 0.3220 | 0.1849 | 0.1279
River W.S1 Levee H 0.0120 0.0190 0.9985 | 0.8791 | 0.6331 | 0.4220 | 0.2330 | 0.1525
W.S2 Levee H 0.0120 0.0190 0.9985 | 0.8791 | 0.6331 | 0.4220 | 0.2330 | 0.1525
Design M.J Levee H 0.0120 0.0180 0.9986 | 0.8915 | 0.6371 | 0.4188 | 0.2295 | 0.1499
Frequency M.H Levee H 0.0120 0.0180 0.9986 | 0.8915 | 0.6371 | 0.4188 | 0.2295 | 0.1499
80y M.P Levee H 0.0120 0.0180 0.9984 | 0.8921 | 0.6381 | 0.4191 | 0.2294 | 0.1485
D.D Levee H 0.0120 0.0180 0.9984 | 0.8921 | 0.6381 | 0.4191 | 0.2294 | 0.1485
S.B Levee H 0.0120 0.0190 0.9974 | 0.8628 | 0.6249 | 0.4304 | 0.2594 | 0.1827
M.O Levee H 0.0120 0.0190 0.9974 | 0.8628 | 0.6249 | 0.4304 | 0.2594 | 0.1827
W.S1 Levee H 0.0100 0.0150 0.9996 | 0.9226 | 0.7122 | 0.4987 | 0.2891 | 0.1935
W.S2 Levee H 0.0100 0.0150 0.9996 | 0.9226 | 0.7122 | 0.4987 | 0.2891 | 0.1935
Design M.J Levee H 0.0100 0.0150 0.9986 | 0.9348 | 0.7211 | 0.5033 | 0.2903 | 0.1949
Frequency M.H Levee H 0.0100 0.0150 0.9986 | 0.9348 | 0.7211 | 0.5033 | 0.2903 | 0.1949
100y M.P Levee H 0.0100 0.0150 0.9984 | 0.9342 | 0.7204 | 0.5012 | 0.2890 | 0.1926
D.D Levee H 0.0100 0.0150 0.9984 | 0.9342 | 0.7204 | 0.5012 | 0.2890 | 0.1926
S.B Levee H 0.0100 0.0160 0.9988 | 0.9066 | 0.6963 | 0.5010 | 0.3121 | 0.2239
M.O Levee H 0.0100 0.0160 0.9988 | 0.9066 | 0.6963 | 0.5010 | 0.3121 | 0.2239
W.S1 Levee H 0.0050 0.0090 0.9999 | 0.9767 | 0.8505 | 0.6642 | 0.4289 | 0.3025
W.S2 Levee H 0.0050 0.0090 0.9999 | 0.9767 | 0.8505 | 0.6642 | 0.4289 | 0.3025
Design M.J Levee H 0.0050 0.0080 0.9985 | 0.9815 | 0.8609 | 0.6744 | 0.4375 | 0.3095
Frequency MH Levee H 0.0050 0.0080 0.9985 | 0.9815 | 0.8608 | 0.6744 | 0.4376 | 0.3096
200y M.P Levee H 0.0050 0.0080 0.9983 | 0.9818 | 0.8620 | 0.6755 | 0.4384 | 0.3093
D.D Levee H 0.0050 0.0080 0.9983 | 0.9818 | 0.8620 | 0.6755 | 0.4384 | 0.3093
S.B Levee H 0.0050 0.0100 0.9987 | 0.9670 | 0.8308 | 0.6552 | 0.4477 | 0.3335
M.O Levee H 0.0050 0.0100 0.9987 | 0.9670 | 0.8308 | 0.6552 | 0.4477 | 0.3335
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Table 6. Comparison of flood damage reduction plan with B/ C
Contain Uncertainty Analysis No Uncertainty Analysis
River Damage Determination of Determination of
Area B/C Frequency L B/C Frequency o
Investment Priorities Investment Priorities
W.S1 1.0274 1004 4) 0.8664 80 (4)
W.S2 1.1188 1004 3 0.9852 80y (3
M.H 0.7204 1004 ©) 0.6757 804 )
Sum M.] 1.2211 2004 2 1.2043 80 (1
River M.P 0.8277 100 (%) 0.7756 80y )
D.D 0.6504 1004 7 0.6430 804 @)
M.O 0.5862 50 ® 0.5633 50 ®)
S.B 1.2355 504 o)) 1.0371 504 2)
Clarke, RT (1999) Uncertainty in the estimation of mean annual
5.4 = flood due to rating—curve indefinition, J. of hydrology,
Vol.222, pp. 185-190.

B oo Tk} 0] A 1l 2L A BA Davis., D\X/ (1991) A risk and uncertainty based concept for
2 g glo] Aoz Alslo] 9l BatAA tiat 1 sizing levee project, Proc. of a Hydrology and Hydraurics
H= Bae] motAA Heay shee =4sert. HEC Worksbop c?n Riverine Levee Freeboard, U.S. Army Corps
FDAE o] 88 oJ8% Bajo] 7] zote] Bahl4e TEs of Engineering Center, pp. 231-249.

o ulg, 2o-9 Zol-wma7te] PAS I T Freeman, Gray E., Co.pelar?d, Ronald R and Cowan,.Mark. A.
A 9 Ao Aste] tigt A7 M, oA zTerE. (1996), .Uncertamty in Stage—Dls'charge Relat19nsh1ps,
H7F ST, ZAN W27} 88 5o Astelon] & groc}eledl.ng;,I Zth {AHII{\AInIt(ernagonal lSyrzpoAsmm I(.)n
_ tochastic raulics, Mackay, Queensland, Australia,
FolAg o oy 742 AANES] AF(dE Eof, A IAHR Y Y
A7|7F 50, 804, 1004, 1509, 2004)S AEste o i .
o lﬂ;} ;7}280/\;“;}0021:} 73”3} ﬁﬂfoa ;ijl Hioj 51 IPCC(2007). Climate Change 2007, The Fourth Assessment
e et T SOrMT. e =T mErere we Report (AR4) of The Intergovernmental Panel on Climate
e A B/CRol 1228 = S7HES & & dsleH, A Change
] H = O 0] & sl S| ol A o . _'
i ‘—]E(:} AR S EH Bj-f Fs ;o] ;“L :‘q—% Kim, HS, Kim, YS and Lee, JW (2003). Expected annual damage
=z 3} Bao o] Hx L . .
f‘/q- oAk e, O]:H s %X} dAH 24 estimation with uncertainty, J. of Wetlands Research, 5(1)
ol Axtoln], HA Z4-x]sh 7\1%‘741@? Aloll= BAIA Q] pp. 41-52 [Korean Literature]
=Aolelell FAA, ARl ZAo] @A ol FefA st Lee, KH (2011). Estimation of expected flood damage
olEid H& et A side T A¥E 24 considering uncertainty and under climate change, Ph.D
A= Bt o AQl 2 Ed € 5 A AerE Dissertation, Inha University, Incheon, Korea [Korean
e Literature]
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