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Improvement of Cross-section Estimation Method for Flood Stage Analysis in Unmeasured Streams
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ABSTRACT

The objective of this study was to improve the cross-sectional area and height estimation method using stream width. Stream water levels should be
calculated together to simulate inundation of agricultural land. However, cross-sectional survey data of small rural rivers are insufficient. The previous
study has developed regression equations between the width and the cross-sectional area and between the width and the height of stream cross-section,
but can not be applied to a wide range of stream widths. In this study, cross-sectional survey data of 6 streams (Doowol, Chungmi, Jiseok, Gam,
Wonpyeong, and Bokha stream) were collected and divided into upstream, midstream and downstream considering the locations of cross-sections. The
regression equations were estimated using the complete data. R® between the stream width and cross-sectional area was 0.96, and R® between width
and height was 0.81. The regression equations were also estimated using divided data for upstream, midstream and downstream considering the locations
of cross-sections. The range of R between the stream width and cross-sectional area was 0.86 - 0.91, and the range of R* between width and height
was 0.79 ? 0.92. As a result of estimating the cross-sections of 6 rivers using the regression equations, the regression equations considering the locations
of cross-sections showed better performance both in the cross-sectional area and height estimation than the regression equations estimated using the
complete data. Hydrologic Engineering Center - River Analysis System (HEC-RAS) was used to simulate the flood stage analysis of the estimated and
the measured cross-sections for 50-year, 100-year, and 200-year frequency floods. As a result of flood stage analysis, the regression equations
considering the locations of cross-sections also showed better performance than the regression equations estimated using the complete data. Future
research would be needed to consider the factors affecting the cross-sectional shape such as river slope and average flow velocity. This study can be
useful for inundation simulation of agricultural land adjacent to an unmeasured stream.
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Table 2 Design floods of different frequency on Doowol stream (m/s)

Station Frequency
number 50—year 100—year 200—year
88 220 247 274
79 254 284 315
57 331 371 410
43 363 407 450
29 439 491 542
16 454 507 560
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Table 5 Statistical variances between measured and estimated cross—section characteristics of 6 streams
(Doowol, Chungmi, Jiseok, Gam, Wonpyeong, and Bokha)

ltem Average RMSE NSE’ R
Doowol 94.41 7.16 0.92 0.97
Chungmi 234,95 19.76 0.80 0.89
Width Jiseok 223,52 14,97 0.97 0.97
(m) Gam 270.88 6.23 0.94 0.98
Wonpyeong 143.83 2,73 0.99 0.99
Bokha 206.83 7.82 0.98 0.99
Doowol 435.45 56.34 0.87 0.89
Chungmi 1,285.26 156.06 0.65 0.80
Area Jiseok 1,251.18 190.70 0.89 0.90
(m?) Gam 1,512.16 115.59 0.64 0.65
Wonpyeong 707.26 138.10 0.41 0.92
Bokha 1,100.51 145,62 0.73 0.88
Doowol 6.71 0.31 0.64 0.68
Chungmi 7.70 0.26 0.48 0.50
Height Jiseok 7.60 0.23 0.78 0.78
(m) Gam 7.89 0.31 0.20 0.32
Wonpyeong 714 0.90 -4.28 0.57
Bokha 7.53 0.35 0.29 0.52
*There are no units of NSE and R?
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Fig. 5 Scatter plots comparing measured and estimated cross—section characteristics (Doowol stream)
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Table 6 Statistical variances between measured and estimated cross—section characteristics of 6 streams
(Doowol, Chungmi, Jiseok, Gam, Wonpyeong, and Bokha) considering locations of cross—sections

ltem Average RMSE NSE’ R

Doowol 94.41 7.16 0.92 0.97

Chungmi 234,95 19.76 0.80 0.89

Width Jiseok 223.52 14,97 0.97 0.97
(m) Gam 270.88 6.23 0.94 0.98
Wonpyeong 143.83 2,73 0.99 0.99

Bokha 206.83 7.82 0.98 0.99

Doowol 45271 61.13 0.84 0.95

Chungmi 1,179.28 138.34 0.77 0.78

Area Jiseok 1,277.33 196.44 0.92 0.92
(m?) Gam 1,562.83 115.53 0.76 0.87
Wonpyeong 780.40 89.55 0.84 0.92
Bokha 1,112.13 142.50 0.70 0.89

Doowol 6.77 0.51 0.56 0.65
Chungmi 7.60 0.59 0.39 0.54

Height Jiseok 7.45 0.53 0.68 0.7
(m) Gam 7.90 0.47 0.22 0.57
Wonpyeong 7.22 0.52 0.19 0.74
Bokha 7.30 0.48 0.57 0.59

*There are no units of NSE and R?
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Fig. 8 Scatter plots comparing measured and estimated cross—section characteristics considering locations of cross—sections (Doowol stream)
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Table 7 Variances of water surface elevations between measured and estimated cross—sections for 6 streams
(Doowol, Chungmi, Jiseok, Gam, Wonpyeong, and Bokha) by 50—year, 100—year and 200—year frequency floods

Stream Flood frequency Average (el.m) RMSE (m) NSE R?
50—year 11,04 0.90 0.97 0.99
Doowol 100—year 11.27 0.90 0.97 0.99
200—year 11.47 0.90 0.97 0.99
50-year 57.25 0.12 0.99 0.99
Chungmi 100—year 57.71 0.12 0.99 0.99
200—year 58,16 0.12 0.99 0.99
50-year 31.53 1.45 0.99 0.99
Jiseok 100—year 31.78 1.45 0.99 0.99
200—year 32.02 1.12 0.99 0.99
50—year 56.34 110 0.99 1.00
Gam 100—year 56.72 1.04 1.00 1.00
200-year 57.06 1.04 1.00 1.00
50—year 6.75 0.77 0.72 0.90
Wonpyeong 100—year 7.06 0.72 0.76 0.91
200—year 7.35 0.68 0.79 0.92
50-year 4415 1.05 0,97 0.99
Bokha 100—year 44 .55 0.99 0.98 0.99
200—-year 44,95 0.93 0.98 0.99
30 70
z % 2 iz
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Fig. 9 Scatter plots of water surface elevations between measured and estimated cross—sections by 50—year, 100—year and
200—year frequency floods (Doowol and Cungmi stream)
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Table 8 Variances of water surface elevations between measured and estimated cross—sections considering locations of cross—sections
for 6 streams (Doowol, Chungmi, Jiseok, Gam, Wonpyeong, and Bokha) by 50—year, 100—year and 200—year frequency floods

Stream Flood frequency Average (el.m) RMSE (m) NSE R?
50—year 11,11 0.60 0.99 1.00

Doowol 100—year 11.35 0.59 0.99 1.00
200-year 11.56 0.59 0.99 1.00

50—year 57 .61 0.92 0.97 0.99

Chungmi 100—year 58.09 0.89 0.97 0.99
200-year 58.54 0.86 0.97 0.99

50—year 31.20 118 0.99 0.99

Jiseok 100—year 31.48 117 0.99 0.99
200-year 31,74 0.93 0.99 0.99

50—year 56.34 1.10 0.99 1.00

Gam 100—year 56.72 1.04 1.00 1.00
200—year 57.06 1.04 1.00 1.00

50—year 6.07 0.31 0.95 0.96

Wonpyeong 100—year 6.41 0.31 0.96 0.97
200-year 6.71 0.31 0.96 0.97

50—year 43,96 112 0.97 0.99

Bokha 100—year 44,40 1.03 0.97 0.99
200-year 44.84 0.96 0.98 0.99
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