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Flood Risk Assessment with Climate Change
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Abstract

The evidence of changes in the climate system is obvious in the world. Nevertheless, at the current techniques for flood fre-
quency analysis, the flood distribution can not reflect climate change or long-term climate cycles. Using a linear regression and
a Mann-Kendall test, trends in annual maximum precipitation and flood data for several major gauging sites were evaluated.
Moreover, this research considered incorporating flood trends by climate change effects in flood frequency analyses. For five
rainfall gauging sites (Seoul, Incheon, Ulleungdo, Jeonju, and Gangneung), upward trends were observed in all gauged annual
maximum precipitation records but they were not statistically significant. For three streamflow gauging sites (Andong Dam,
Soyanggang Dam, and Daecheong Dam), upward trends were also observed in dl gauged annua maximum flood records, but
only the flood a Andong Dam was statistically significant. A log-normal trend model was introduced to reflect the observed
linear trends in annual maximum flood series and applied to estimate flood frequency and risk for Andong Dam and Soy-
anggang Dam. As results, when the target year was 2005, 50-year floods of the log-normal trend model were 41% and 21%
larger then those of a log-norma model for Andong Dam and Soyanggang Dam, respectively. Moreover, the estimated floods

of the log-normal trend model increases as the target year increases.
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Table 1. linear regression and Mann-Kendall trend test results for annual maximum daily precipitation

sation Record Linear Regression Mann-Kendall
length slope R3(%) correlation P-value z P-value
Seoul 98(5) 0.352 2.788 0.167 0.055* 1.142 0.127
Incheon 54(0) 0.643 2.966 0.172 0.107 0.679 0.249
Ulleungdo 68(0) 0.111 0.300 0.055 0.329 0.603 0.273
Jeonju 87(1) 0171 0.688 0.083 0.224 1.279 0.100
Gangneung 94(1) 0.620 3.081 0.176 0.046** 1.009 0.157

*90 percent level of significance for a one-side test
**05 percent level of significance for a one-side test
(- ) number of non-observed data
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Table 2. Past-to-Present and Present-to-Past trend analysis for annual maximum daily precipitation

(a) Seoul (b) Jeonju
length of | .+ ¢ record| R? dation Pva length of | i of record| s R? dlation| P-val
record |Period of recor ope correlation P-value record | Period of recor ope correlation| P-value
Past-to-Present Past-to-Present
8 1908-1915 | 13.741 | 23.120 | 0481 | 0.114 7 1919-1925 3479 | 2757 | 0.166 0.361

18 1908-1925 3004 | 4422 | 0217 | 0.193

17 1919-1935 -2.585 | 11.961 | -0.346 | 0.087

28 1908-1935 0353 | 0230 | 0.048 | 0.404

27 1919-1945(1) 1473 | 3383 | 0184 | 0.184

38 1908-1945 | -0.580 | 1.045| -0.102 | 0.270

37 1919-1955(1) | 0.722 | 1713 | 0.131 | 0.224

48 1908-1955(5) | -0.488 | 1.136 | -0.107 | 0.248

47 1919-1965(1) | 0.414 | 1.009 | 0.100 | 0.254

58 1908-1965(5) | -0.196 | 0.354 | -0.060 | 0.336

57 1919-1975(1) | -0.258 | 0.649 | -0.081 | 0.278

68 1908-1975(5) | 0.038 | 0.018 | 0.014 | 0.458

67 1919-1985(1) | 0.002 | 0.000 | 0.001 | 0.498

78 1908-1985(5) | 0.092 | 0.144 | 0.038 | 0.375

7 1919-1995(1) | -0.102 | 0.195 | -0.044 | 0.353

88 1908-1995(5) | 0.138 | 0.392 | 0.062 | 0.287

87 1919-2005(1) | 0.171| 0.688 | 0.083 | 0.224

98 | 1908-2005(5) | 0.352| 2788 | 0.167 | 0.055* Present-to-past

Present-to-past 7 20051999 | 14.768 | 31.599 | 0.562 | 0.095*
8 20051998 |-27.467 | 59.732 | -0.773 | 0.013 17 20051989 | 4555 |20.397 | 0452 | 0.035**
18 20051988 | 2.608 | 3.803 | 0.195 |0.219 27 20051979 | 0950 | 2402 | 0155 |0.220
28 20051978 | 1153 | 1.889 | 0.137 |0.243 37 20051969 | 1.486 | 11567 | 0.340 | 0.020**
38 20051968 | 0991 | 2732 | 0165 |0.161 47 20051950 | 0754 | 5469 | 0234 | 0.057*

48 2005-1958 1.037| 5313 | 0231 | 0.058*

57 2005-1949(1) | 0.613 | 5321 | 0.231 | 0.042**

58 2005-1948(5) | 0.830 | 4.500| 0212 | 0.064*

67 2005-1939(1) | -0.060 | 0.045| -0.021 | 0.433

68 2005-1938(5) | 0.815| 6.460 | 0.254 | 0.022**

7 2005-1929(1) | 0519 | 0.441| 0.066 | 0.285

78 2005-1928(5) | 0.671| 6.752 | 0260 | 0.013**

87 2005-1919(1) | 0.171| 0.688 | 0.083 | 0.224

88 2005-1918(5) | 0.352 | 2260 | 0.150 | 0.088**
98 2005-1908(5) | 0.352 | 2788 | 0.167 | 0.055*

*90 percent level of significance for a one-side test
**05 percent level of significance for a one-side test

Table 3. The linear regression and Mann-Kendall trend test results for annual maximum daily runoff

Sation Record Linear Regression Mann-Kendall
length sope R3(%) correlation P-value Z P-value
Andong Dam 29 27.163 12.720 0.357 0.029** 1784 0.037**
Soyanggang Dam 32 21.403 1474 0.121 0.2%4 0.542 0.294
Daecheong Dam 25 18.890 1.247 0.112 0.298 0.529 0.298

**05 percent level of significance for a one-side test
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Fig. 2 Mean and 50-year flood levels over historical record
and planning period for Andong Dam and Soyanggang
Dam using three flood risk models
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Table 6. Mean and 50-year flood estimates (common logarithms)

) mean 50-year flood
Site Model
value SE ERL vaue SE ERL
LN 6.819 0.104 29 7.970 0.184 29
LNTrend 1980 6.550 0.160 12 7.701 0.220
Andong Dam
LNTrend 2005 7.160 0.188 8.311 0.242
LNTrend 2030 7.770 0.461 8.799 0.485
LN 7.481 0.113 32 8.789 0.199 32
LNTrend 1980 7.363 0.159 16 8.672 0.205 10
Soyanggang Dam
LNTrend 2005 7.673 0.216 8.982 0.271
LNTrend 2030 7.983 0.498 9.292 0.469
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Fig. 3 50-year flood and its 95% confidence intervals for LN
and LNTrend models when 50-year flood estimates
are made for 1980, 2005, and 2030
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