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Estimation of Flood Quantile in Ungauged Watersheds for Flood
Damage Analysis Based on Flood Index of Natural Flow

ABSTRACT

In this study, flood quantiles were estimated at ungauged watersheds by adjusting the flood quantiles from the design rainfall - runoff
analysis (DRRA) method based on regional frequency analysis. Comparing the flood frequency analysis (FFA) and DRRA, it was
found that the flood quantiles estimated by the DRRA method were overestimated by 52%. In addition, a practical method was
suggested to make an flood index using natural flows to apply the regional frequency analysis (RFA) to ungauged watersheds.
Considering the relationships among DRRA, FFA, and RFA, we derived an adjusting formula that can be applied to estimate flood
quantiles at ungauged watersheds. We also employed Leave-One-Out Cross-Validation scheme and skill score to verify the method
proposed in this study. As a result, the proposed model increased the accuracy by 23.2% compared to the existing DRRA method.
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Fig. 1. Middle-Scale Watersheds Used in This Study



Table 1. Area & Period of Rainfall Data in Study Area

Basin Code Area (km?) Observation Period (Year)
1001 2,283.2
1002 1,403.4
1012 2,705.0
1017 23,800.0
2011 11,074.4
2014 14,034.3
1995-2014 (20 years)
2017 16,449.6
3001 908.0
3009 609.4
3011 1,594.1
3012 8,328.8
3014 9,379.6
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Table 2. Results of Homogeneity and Independence Test (Observed

Flow)
5% S.L. fc
Basin . 95% Confidence S ° P or
Code ' Interval for r, Vn ey
1001 | -0.3300 0.2280
1002 0.1592 0.5868
1012 | -0.3313 0.5428
1017 | -0.1394 0.6931
2011 | -0.0280 0.5375
2014 | -0.0801 1.0628
-0.4903 <r;<0.3850 1.22
2017 0.2201 0.3669
3001 0.1311 1.1543
3009 | -0.1425 0.9374
3011 | -0.0865 0.7265
3012 | -0.0347 0.9499
3014 | -0.1495 1.0062
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Table 3. Flood Quantiles Estimated by FFA and DRRA
Basin Code FFA (m'/s) DRRA (m’/s) Overestimation
30yr 50yr 80yr 100yr 200yr 30yr 50yr 80yr 100yr 200yr rate (%)

1001 4,292 4,818 5,313 5,552 6,310 5,898 6,575 7,199 7,489 8,394 354

1002 2,580 3,028 3,485 3,718 4,518 3,743 4,179 4,580 4,767 5,352 324

1012 4,810 5,113 5,367 5,479 5,801 9,239 10,276 11,220 11,657 13,016 108 A

1017 23,478 24,946 26,164 26,703 28,230 | 36,290 | 39,824 | 43,184 | 44,760 | 49,712 65A

2011 8,037 8,853 9,604 9,961 11,075 12,000 13,200 14,300 14,800 16,400 49A

2014 11,014 | 12270 | 13455 | 14,029 | 15856 | 12,900 | 14,100 | 15300 | 15,800 | 17,500 14A

2017 14303 | 15717 | 16,999 | 17,603 | 19,459 | 13,500 | 14,700 | 15,900 | 16,400 | 18,100 6V
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3011 3,100 3,657 4234 4,532 5568 | 5790 | 6385 | 6,925 7,155 7,950 65A

3012 6,637 7,263 7,826 8,091 8,898 | 13320 | 14,720 | 15,980 | 16,525 | 18,415 104 A

3014 8,417 9,216 9,935 10,271 11,294 13,805 15,255 16,565 17,130 19,085 66 A
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Table 4. Regression Equations of Flood Quantiles from Flood
Frequency Analysis and Design Rainfall-Runoff Analysis
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Fig. 3. Flood Quantiles Estimated by FFA, DRRA, and the Proposed Method
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