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Improved Practical Methods for Considering Climate Change in
Design Flood Estimation

= X
Y& - Y

Jeong, Jongho*, and Kim, JongChun™*

Abstract

In practice, methods arbitrarily increasing probable design rainfall or return periods have been adopted to derive design flood increases
due to climate change. However, the method of arbitrarily increasing probable design rainfall is inadequate because probable rainfall
estimated by the common frequency analysis method usually cannot be accepted in trend tests, meaning there is no increasing
trend due to climate change. In addition, the method of increasing return periods to increase design flood is problematic. Rising
flood damages—an opportunity to recognize climate change—are caused by concentrated flooding due to urbanization rather than
increased probable rainfall. Thus, we proposed new methods for considering climate change in design flood estimation, by changing
the temporal distribution of design rainfall or adjusting parameters in the rainfall-runoff process. Furthermore, the method of raising
the freeboard criteria is proposed as an alternative for considering climate change.
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Fig. 1. Distribution of 68 KMA Stations With More Than 30 Years of Hourly Rainfall Data
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Table 1. Mean Probable Rainfall (mm) by Rainfall Duration at 68 KMA Stations

Return Period (year) . Rainfall Duration

10 min 1 hr 2 hr 3 hr 6 hr 12 hr 24 hr 48 hr 72 hr

10 20.8 61.1 86.3 104.2 142.7 188.5 236.3 282.6 308.3

20 23.4 69.4 98.2 118.9 163.0 216.0 271.7 326.0 355.5

30 24.8 74.2 105.1 127.3 174.8 231.8 292.0 351.0 382.6

50 26.6 80.1 113.7 137.8 189.4 251.5 317.4 382.1 416.6

80 28.3 85.6 121.5 147.5 202.8 269.6 340.7 410.7 447.6

100 29.1 88.2 125.3 152.0 209.2 278.1 351.7 4242 462.3

200 31.6 96.2 136.8 166.2 228.9 304.7 385.9 466.1 507.9

500 34.8 106.8 152.0 184.8 254.9 339.7 431.0 521.4 568.1

Ratio 50 to 10 1.28 1.31 1.32 1.32 1.33 1.33 1.34 1.35 1.35
Ratio 50 to 30 1.07 1.08 1.08 1.08 1.08 1.09 1.09 1.09 1.09
Ratio 80 to 30 1.14 1.15 1.16 1.16 1.16 1.16 1.17 1.17 1.17
Ratio 100 to 10 1.40 1.44 1.45 1.46 1.47 1.48 1.49 1.50 1.50
Ratio 100 to 30 1.17 1.19 1.19 1.19 1.20 1.20 1.20 1.21 1.21
Ratio 100 to 50 1.09 1.10 1.10 1.10 1.10 1.11 1.11 1.11 1.11
Ratio 200 to 100 1.08 1.09 1.09 1.09 1.09 1.10 1.10 1.10 1.10
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Table 2. Peak Discharge (m’/s) of Small Watershed Depending on the Return Period (60 min of Rainfall Duration)

) Drainage Area of Small Watershed (km?)
Return Period (year)
0.01 0.05 0.1 0.5 1 5 10 25
10 0.17 0.81 1.57 6.71 12.03 39.94 61.74 102.78
20 0.21 0.99 1.92 8.23 14.79 49.21 76.19 127.00
30 0.23 1.10 2.13 9.13 16.42 54.72 84.76 141.39
50 0.26 1.24 2.39 10.26 18.46 61.61 95.48 159.40
80 0.28 1.36 2.63 11.33 20.38 68.12 105.62 176.46
100 0.30 1.42 2.75 11.84 21.30 71.23 110.46 184.62
200 0.34 1.61 3.11 13.41 24.14 80.87 125.54 210.01
Ratio 100 to 50 1.15 1.15 1.15 1.15 1.15 1.16 1.16 1.16
Ratio 200 to 100 1.13 1.13 1.13 1.13 1.13 1.14 1.14 1.14
Table 3. Peak Discharge (m’/s) of Small Watershed Depending on the Return Period (120 min of Rainfall Duration)
. Drainage Area of Small Watershed (km?)
Return Period (year)
0.01 0.05 0.1 0.5 1 5 10 25
10 0.18 0.88 1.73 7.89 14.71 55.20 91.00 163.61
20 0.22 1.05 2.07 9.45 17.66 66.50 109.75 197.73
30 0.24 1.16 227 10.37 19.39 73.12 120.80 217.84
50 0.26 1.28 2.51 11.52 21.55 81.45 134.68 243.14
80 0.29 1.40 2.74 12.56 23.52 89.06 147.36 266.28
100 0.30 1.45 2.85 13.07 24.48 92.78 153.56 277.61
200 0.33 1.62 3.18 14.62 27.40 104.08 172.42 312.12
Ratio 100 to 50 1.13 1.13 1.13 1.14 1.14 1.14 1.14 1.14
Ratio 200 to 100 1.12 1.12 1.12 1.12 1.12 1.12 1.12 1.12
Table 4. Peak Discharge (m’/s) of Small Watershed Depending on the Return Period (180 min of Rainfall Duration)
. Drainage Area of Small Watershed (km?)
Return Period (year)
0.01 0.05 0.1 0.5 1 5 10 25
10 0.17 0.83 1.63 7.71 14.70 59.41 101.87 193.59
20 0.20 0.98 1.94 9.16 17.49 70.96 121.90 232.18
30 0.22 1.07 2.11 9.99 19.10 77.60 133.45 254.45
50 0.24 1.18 2.33 11.03 21.10 85.95 147.94 282.47
80 0.26 1.28 2.53 11.99 22.95 93.68 161.38 308.47
100 0.27 1.33 2.63 12.44 23.81 97.26 167.62 320.57
200 0.30 1.47 2.92 13.84 26.52 108.60 187.40 358.90
Ratio 100 to 50 1.13 1.13 1.13 1.13 1.13 1.13 1.13 1.13
Ratio 200 to 100 1.11 1.11 1.11 1.11 1.11 1.12 1.12 1.12
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Table 5. Peak Discharge (m’/s) of Small Watershed Depending on the Temporal Distribution of Rainfall (50 Year of Return Period

and 60 min of Rainfall Duration)

o Drainage Area of Small Watershed (km?)
Temporal Distribution
0.01 0.05 0.1 0.5 1 5 10 25
Huff 2nd Quarter 0.22 1.06 2.05 8.95 16.24 56.69 90.70 156.06
Huff 3rd Quarter 0.26 1.24 2.39 10.26 18.46 61.61 95.48 159.40
Huff 4th Quarter 0.28 1.34 2.58 11.00 19.60 62.85 96.13 159.25
Alternating Block Method 0.27 1.31 2.55 11.19 20.55 76.14 123.00 212.71
Ratio 2nd to 3rd 1.16 1.17 1.16 1.15 1.14 1.09 1.05 1.02
Ratio 3rd to 4th 1.09 1.08 1.08 1.07 1.06 1.02 1.01 1.00
Ratio 3rd to AB Method 1.06 1.06 1.07 1.09 1.11 1.24 1.29 1.33
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Table 6. Peak Discharge (m’/s) of Small Watershed Depending on the Adjustment Factor in Storage Coefficient (50 Year of Return

Period and 60 min of Rainfall Duration)

Drainage Area of Small Watershed (km?)
o 0.01 0.05 0.1 0.5 1 5 10 25
1.00 0.26 1.24 2.39 10.26 18.46 61.61 95.48 159.40
0.90 0.27 1.29 2.49 10.81 19.50 65.60 101.90 170.14
0.80 0.28 1.35 2.61 11.41 20.67 70.19 109.10 182.50
0.70 0.29 1.40 2.74 12.09 21.97 75.31 117.51 196.71
Ratio 1.0 to 0.9 1.04 1.04 1.04 1.05 1.06 1.06 1.07 1.07
Ratio 1.0 to 0.8 1.08 1.09 1.09 1.11 1.12 1.14 1.14 1.14
Ratio 1.0 to 0.7 1.13 1.14 1.15 1.18 1.19 1.22 1.23 1.23
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