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Development of Empirical Formulas for Storage Function Method
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Abstract

Storage function method which considers the non-linearity of the relationship between rainfall and runoff has been frequently
used to predict runoff in a basin and a flood pattern. However, it is time-consuming to estimate appropriate parameters of every
basin and rainfall event, which requires the empirical parameter equation applicable in Korea. In this study, multiple regression
analysis is used to develop empirical equations to estimate parameters of Storage Function method using basin characteristics. The
basin area, maximum stream length, and stream slope are considered as the basin characteristics as the result of the regression
analysis. Collinearity is removed and trial-and-error method is used to choose the most descriptive parameters to the dependent
variables in Han River basin which is divided into 30 subbasins. The developed equations are validated using the rainfall events in
MunMak gauging station and named as ‘Han River equation’. The equation could provide the useful information about Storage
Function method parameter to calculate runoff from a basin and predict river stage.
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Table 1. Basin Characteristics of the Han River Basin

Basin Area River Width Coefficient of Basin Stream
No. (km?)(A) Length (km) (L) (km)(A/L) Form (A/L?) Slope (%) Slope(%)
1 1,581 76.3 20.73 0.272 24.06 1.46
2 1,555 63.2 24.60 0.389 31.19 2.19
3 953 86.4 11.04 0.128 39.80 2.56
4 788 55.2 14.27 0.258 41.11 2.13
5 1,083 82.1 13.20 0.161 44.60 243
6 831 77.8 10.69 0.137 44.87 228
7 745 60.2 12.38 0.206 44.26 228
8 284 20.6 13.78 0.669 2242 0.20
9 876 69.5 12.61 0.181 30.79 0.96
10 628 75.6 8.31 0.110 28.45 3.13
11 1,016 74.8 13.58 0.181 31.49 2.07
12 382 18.7 20.42 1.091 29.04 2.66
13 657 65.9 9.97 0.151 32.79 1.91
14 1,075 116.4 9.23 0.079 29.72 1.66
15 1,481 143.2 10.34 0.072 34.90 0.81
16 997 164.1 6.07 0.037 39.64 1.45
17 1,016 543 18.70 0.344 4043 3.81
18 845 68.2 12.40 0.182 35.79 0.13
19 1,172 166.5 7.04 0.042 27.96 1.83
20 681 74.6 9.13 0.123 27.42 2.04
21 742 43.2 17.18 0.398 26.84 0.15
22 435 40.5 10.74 0.265 17.21 2.62
23 495 415 11.93 0.287 23.49 1.90
24 434 40.5 10.72 0.265 30.47 3.26
25 912 59.9 15.22 0.254 23.87 1.85
26 799 74.8 10.68 0.143 13.21 0.45
27 1,107 56.6 19.56 0.346 15.42 0.34
28 768 48.9 15.71 0.321 21.69 0.62
29 1,165 71.7 16.24 0.226 15.64 0.79
30 1,197 76.3 15.69 0.206 9.46 0.15
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Fig. 1. Han River Basin.
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Table 2. Correlation Coefficients between Basin Characteristics

2 River Length (km) Width Coefficient of Form . o o
Area (km~)(A) (L) (km)(A/L) (A1) Basin Slope (%) | Stream Slope(%)
Area (km?)(A) 1.000 0.572 0.305 -0.390 0.039 -0.183
River Lfl'j;b’th (km) 0.572 1.000 0.531 0.679 0.232 0.073
Width
0.305 -0.531 1.000 0.625 -0.212 -0.097
(km)(A/L)
Coetficient of Form -0.390 -0.679 0.625 1.000 -0.181 0.013
(A/LY)
Basin Slope (%) 0.039 0.232 -0.212 -0.181 1.000 0.504
Stream Slope(%) -0.183 -0.073 -0.097 0.013 0.504 1.000
Table 3. Empirical Equations for the Coefficients of Storage Table 4. Parameters for the Storage Function Method in the
Function Method Han River basin
Name Parameters Equations Basin No. K P T:
iraverage river bed slope of amain N 03 1 33.231 0.485 1.52
D ‘ K=118.84i
oncga | stream . P=0.1757°%5 2 40.736 0.389 1.28
wha L: maximum river stream length 7/20.05061-0.31
(km) = : 3 39.816 0.399 1.32
. i i , 4 48.511 0.322 1.28
Gacuya B.: maximum river stream length K=a3 Bco_56
(m) 5 35.407 0.453 1.79
Kimura h{:lg;ammum river stream length )= 0.047L-0.56 6 34.932 0.459 221
7 58.129 0.265 0.74
iaverageriver bed slope of amain 13
stream K= 43.4C(£_) 8 57.082 0.270 0.27
Etc. L: main stream length (km) | ! 9 34.712 0.462 1.84
C:coefficient(naturalriverstream:| P ==
0120, urban arca: 0.012) 3 10 40.073 0.396 0.30
11 46.009 0.341 0.35
12 53.652 0.289 0.61
- _ _ _ 13 44.597 0.353 0.31
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Table 5. Regression Equations to estimate parameters of
strage function method

Variables Regression equations | R? Parameters

K |Kk=81.80370164109780 10 70 |1.: maximum river length (m
_ 0.1774 -0.0839 i stream slope (%)

P |P=0.183L i 0.70 . basin arca (km?)

.: maximum river length (m

i stream slope (%)

U: basin area (km?)

IL: maximum river length (m

i stream slope (%)

U: basin area (km?)

T, [1=0.0912+0.883x104| 0.69

Table 6. Basin characteristics and calculated parameters in
MunMak gauging station

Basin area| Maximum river Stream K P T
(km?) length(m) slope(%) !
1348.79 88.5 0.418 36.62 | 0.4361 | 1.28
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Table 7. Rainfall events used in the validation

Rainfall duration Total amount of rainfall (mm)

Event 1 |2003.08.19 - 2003.08.23 84.93

Event 2 {2006.07.10 - 2006.07.12 106.42
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Fig. 5. Comparison between observed runoff and calculated
runoff of event 1.
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