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Development of Continuous Rainfall-Runoff Model for Flood Forecasting
on the Large—Scale Basin
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Abstract

The objective of this study is to develop a continuous rainfall-runoff model for flood prediction on a
large-scale basin. For this study, the hourly surface runoff estimation method based on the variable
retention parameter and runoff curve number is developed. This model is composed that the soil moisture
to continuous rainfall can be simulated with applying the hydrologic components to the continuous
equation for soil moisture. The runoff can be simulated by linking the hydrologic components with the
storage function model continuously. The runoff simulation to large basins can be performed by using
channel storage function model. Nakdong river basin is selected as the study area. The model accuracy
is evaluated at the 8 measurement sites during flood season in 2006 (calibration period) and 2007 ~2008
(verification period). The calibrated model simulations are well fitted to the observations. Nash and
Sutcliffe model efficiencies in the calibration and verification periods exist in the range of 0.81 to 0.95 and
0.70 to 0.94, respectively. The behavior of soil moisture depending on the rainfall and the annual loadings
of simulated hydrologic components are rational. From this results, continuous rainfall-runoff model
developed in this study can be used to predict the discharge on large basins.

Keywords : flood prediction, continuous rainfall-runoff model, storage function model, Nakdong river
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Table 1. Description of the Model Parameters
Parameter Definition Unit Estimation method
AKM Subbasin area km® GIS data
SLP Mean slope of the subbasin m/m ”
Z Depth of soil layer m ”
SAT Rate of water content at saturation mm/mm ”
FC Rate of water content at field capacity mm/mm ”
WP Rate of water content at wilting point mm/mm ”
KS Saturated hydraulic conductivity mm/h ”
CN2 Runoff curve number under AMC 1I - ”
SURLAG Surface runoff lag coefficient - Calibration
LHIL Mean slope length m ”
LATLAG Lateral flow lag coefficient ”
GWDELAY | Delay time for aquifer recharge ”
ALPHA_BF | Baseflow recession constant - 4
AQMIN Threshold water level in shallow aquifer for baseflow mm ”
KSB Storage function constant of the subbasin h™B ”
PSB Storage function constant of the subbasin - ”
LAGSB Lag time of the Subbasin h ”
KCH Storage function constant of the channel ST ”
PCH Storage function constant of the channel - ”
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. 3. Sensitivity of CN2, LHIL and KS on the Loadings of Hydrologic Components (HCs)
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Table 2. Estimation of the Characteristics on Each Sub-basin

Sub. No Areezl Slope Z SAT FC WP Ks CN2
(km®) (mm/mm) (mm) (mm/mm) | (mm/mm) | (mm/mm) | (mm/h) (=)

1 651.7 0.333 765.5 0.377 0.260 0.091 58.5 61.8
2 498.5 0.279 938.7 0.375 0.244 0.084 38.5 58.3
3 440.7 0.205 960.7 0.341 0.150 0.059 49.0 58.0
4 315.6 0.279 727.6 0.341 0.244 0.097 44.8 66.7
5 336.3 0.26 727.3 0.378 0.235 0.099 415 66.7
6 714.8 0.236 682.1 0.375 0.236 0.101 455 68.1
7 455.5 0.275 644.4 0.394 0.236 0.109 395 68.5
8 213.1 0.175 946.5 0.332 0.179 0.065 59.3 59.1
9 933.3 0.186 741.5 0.376 0.214 0.091 46.9 66.7
10 1166.1 0.184 925.3 0.373 0.202 0.069 45.2 58.0
11 649.1 0.204 912.0 0.382 0.203 0.075 45.3 59.7
12 609.5 0.304 824.7 0.400 0.226 0.088 474 60.9
13 354.4 0.187 848.6 0.422 0.193 0.069 58.0 60.3
14 501.0 0.195 572.9 0.396 0.252 0.119 36.5 73.1
15 799.0 0.199 805.1 0.411 0.227 0.103 39.6 66.3
16 895.3 0.155 949.8 0.417 0.210 0.082 50.2 63.9
17 446.6 0.245 972.5 0.375 0.212 0.071 39.5 53.0
18 538.5 0.173 1092.3 0.397 0.234 0.081 45.2 61.0
19 391.6 0.167 998.4 0.403 0.210 0.080 59.6 61.1
20 1929 0.184 934.5 0.412 0.211 0.083 61.6 64.7
21 720.6 0.165 930.2 0.402 0.235 0.094 58.0 66.7
22 927.8 0.208 597.4 0.418 0.250 0.123 41.3 75.9
23 606.5 0.166 7115 0.433 0.231 0.115 45.1 75.6
24 608.5 0.201 800.1 0.415 0.226 0.103 40.5 69.8
25 742.2 0.259 875.0 0.388 0.238 0.089 46.3 61.2
26 409.1 0.202 665.8 0.404 0.251 0.118 60.1 76.6
27 4394 0.258 923.8 0.378 0.216 0.075 36.3 55.1
28 491.3 0.252 906.0 0.369 0.218 0.077 65.0 58.0
29 651.7 0.205 765.1 0.377 0.260 0.091 585 70.5
30 651.7 0.211 765.0 0.377 0.260 0.091 58.5 7.7
31 651.7 0.292 765.5 0.377 0.260 0.091 585 56.8
32 824.5 0.261 875.3 0.381 0.221 0.079 434 58.1
33 122.1 0.267 826.1 0.399 0.239 0.090 61.2 62.3
34 256.4 0.361 640.6 0.376 0.259 0.088 81.7 64.0
35 4255 0.216 669.8 0.407 0.250 0.111 38.4 69.6
36 344.5 0.191 771.9 0.401 0.244 0.109 725 73.8
37 707.3 0.18 705.2 0.428 0.270 0.126 425 76.0
38 479.0 0.189 668.6 0.420 0.269 0.125 43.3 76.7
39 1135.1 0.19 786.5 0.431 0.251 0.113 53.0 74.9
40 550.0 0.318 706.4 0.390 0.232 0.105 41.6 71.0
41 812.8 0.29 734.6 0.425 0.239 0.111 40.6 72.8
42 4914 0.266 697.2 0.431 0.226 0.102 50.4 70.6
43 355.8 0.137 872.8 0.480 0.228 0.102 67.1 779
Mean 570.0 0.226 804.9 0.395 0.231 0.094 50.1 66.2
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Table 3. The Optimized Model Parameters Using Manual Calibration

Subbasin/ | ey aG| ksB |LaGSB| KcH | SUPPaSY |qipraGl kSB |LAGSB| kcH
Channel No. Channel No.
1 4.0 60 2 4000 21 4.0 50 1 10000
2 4.0 60 1 4000 22 1.3 50 3 4000
3 2.0 60 1 4000 23 4.0 50 1 4000
4 4.0 40 1 10000 24 4.0 50 1 4000
5 2.0 40 2 10000 25 1.3 50 3 60000
6 4.0 40 1 10000 26 4.0 50 1 60000
7 1.3 50 2 10000 27 4.0 60 0 30000
8 1.0 50 1 10000 28 4.0 60 0 60000
9 2.0 50 3 20000 29 2.0 50 2 20000
10 1.3 30 4 20000 30 2.0 50 2 30000
11 2.0 30 2 10000 31 2.0 50 2 30000
12 2.0 50 3 10000 32 2.0 50 2 30000
13 2.0 50 2 10000 33 4.0 60 1
14 4.0 60 2 4000 34 4.0 50 1
15 4.0 60 2 4000 35 4.0 50 1
16 4.0 50 1 10000 36 2.0 50 2
17 4.0 50 1 10000 37 4.0 50 1
18 4.0 50 1 4000 38 4.0 50 1
19 4.0 50 1 4000 39 4.0 50 1
20 4.0 50 1 25000 40 4.0 70 1
LHIL=0.5 ALPHA_BF=1.0 PSB=0.3 41 4.0 70 1
LATLAG=0.1 AQMIN=2.0 PCH=1.0 42 4.0 40 1
GWDELAY=100 43 4.0 40 1
Table 4. Statistical Analysis for Simulated Discharges at the 8 Gauged Sites
Calibration Period Verification Period 1 Verification Period 2
Site REV | REQ |[RMSE| ME | REV | REQ  RMSE| ME | REV | REQ |[RMSE| ME
%) | (%) | )] () | %) | (%) | ms)] ) | %) | (%) | m¥s)| ()
Ji-bo -499 | =321 [11793| 094 | -4.40 | -3.08 | 79.40 | 0.90 870 | 13.73 | 49.72 | 0.79

Wae-gwan -490 | -5.22 40444 095 | -350 | -1459]239.89| 094 | -3.19 | 2042 | 200.63| 0.82
Dongchon 15.08 | 5747 |132.06 | 0.85 | 27.37 | -7.45 | 5419 | 093 | -548 | 9.31 28.36 | 0.86
Jindong 7.65 9.03 |604.14| 095 | 13.01 | 3471 |557.66| 0.91 -3.28 | 19.99 | 128.08 | 0.95
Andong dam 348 | 11.27 11954 092 8.11 983 | 79.33 | 0.73 | 10.75 | 849 |131.79| 0.79
Imha dam 288 | -756 | 87.26 | 093 | 11.62 | -19.70| 52.09 | 0.89 | 4429 | -1.68 | 26.43 | 0.76
Hapcheon dam| 7.22 0.82 |107.22| 0.81 26.96 | -14.76 | 102.05| 0.70 | -79.53|-92.68| 20.10 | -0.25
Namgang dam| -1.01 | -6.21 | 349.12| 0.85 964 | -1899|372.09 | 0.75 |-61.90|-63.04| 36.63 | —0.30
Relative error in volume (REV)=(25-X0)/30x10
Relative error in peak flow (REQ)=(5-0,)/0,x100
Root mean square error (RMSE)=yS©0- §°/n
Nash-Sutcliffe efficiency (ME)=(X(0,- 0~ 0~ §71/ X0~ 0F
where, o, and s are observed and simulated flow, o, and s are observed and simulated peak flow and n is the number of data.
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