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Determination and Evaluation of Optimal Parameters in Storage Function Method
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Abstract

Storage function method has been used for flood forecasting in the major rivers in Korea, however, the
researches on the relationship between the parameters and runoff characteristics was not sufficient. In
addition, there has been a controversy about the optimized parameters without the consideration of the
physical characteristics of the basin. Therefore, in this study, the SCE-UA method is used to optimize the
parameters and the proposed method was applied with two stage optimization in the Jeongseon and Yeongwol
watersheds located in the most upstream in the South Han river. The contour map was developed to investigate
parameters and the error surface calculated from the runoff. The proposed parameters is to provide a range
of the possible parameter set in a watershed, rather than a specific value. However, the applicability is
examined using the average value of the proposed ranged parameters. In this study, the criticism about
the optimization technique to find an optimal value having no physical meaning on a watershed is tried
to avoid. The objective of this study is to provide a range of parameters for the flood forecasting model
and the intuition about the behavior of the parameters, so the efficiency of flood forecasting is increased.

Keywords : flood forecasting, parameter optimization, SCE-UA
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A= : n - dimension, p — number of complexes
M - number of points in each complex
¢+ : sample size s=pm
(F2l : p21, m2n+1)

4% Competitive Complex Evolution (CCE) algorithm \

Sample s points using uniform sampling distributing
Compute the function value at each point

|

Sort the s points in order of increasing function value.
Store them in D

|

Partition D into p complexes of m points
ie. D={A¥ k=1, - p}

I

‘ Evolve each complex A% k = 1, -+, p

l

Tnitialization of the process
Select g, @, and B where 2sgsm, a21, and 21
Sety=1

Assign a triangular probability distribution to A, ie.,
2(me+1-i

Py = e i=1, =, m
m(m+1)

[

Select q points (parents) from A according to p;
Store them in B and their relative positions in A in L.
Setj=1

Il

Sort B and L in order of increasing function value
Compute the centroid g of U, -, Ug.1 and let U be.
the worst point in B

‘ Replace A, k = 1, ---, m into D

\ Compute r = 2g — U, (reflection step) \
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Generate a point z at random in H ‘
t

YES

Compute fr

YES

Set Uq =rand fq = fc

Compute ¢ = (g+U,)/2 and fc ‘

No | Generate a point z at random in H
@ Compute fz
SetU,=zandfq=fz

YES

‘ SetU,=candfq=fc ‘
T

YES
et Jerar
NO

Replace B into A according to L
and sort A in order of increasing
function value

RETURN TO SCE

Fig. 1. Flowchart of SCE-UA Algorithm(Duan et al., 1992)
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Watershed area (km?)
1,688.41
2,440.36

MLTM3*
MLTM

Organization

Longitude
128-39-26
128-20-32

Latitude

37-22-42
37-10-55

Code
1001655
1001690
*MLTM : ministry of land, transport, and maritime affairs

Fig. 2. Watershed Boundary and Structure Map of Jeongseon and Yeongwol Watersheds

Station
Jeongseon?2
Yeongwol

Table 1. Water Level Gauging Stations at the Outlet of Jeongseon and Youngwol Watersheds

(http://www.wamis.go.kr)
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Table 2. Rating Curve of Jeongseon Water Level
Gauging Station

Table 3. Rating Curve of Yeongwol Water Level Gauging
Station

i i . Rating Curve
Year A[I)g;c::le © :R;gl/rlsgy 21(12\)76: . Year | Applicable Range Q : md /5 H) : m)
025 < H=093 | Q=29.68x(H+0.01)"3% 034 <h <080 | Q=67.39x(h+0.15)*""°
(;:O}??D 093 < H <372 | Q=8231x(H-0.30)*" 2005 080< h <1.48 Q=101.99 X (h+0.05 )
372 < H <543 | Q=124.63x(H+1.00)"5? 148 < h <390 Q=198.75 X (h—0.10)>952
0.25 < H <050 | Q=116.770 X (H+0.180)* ™ 390< h <4.20 Q= 34811 (h+1.00)'7
2006 | 050 < H <1.10 | Q=11.016x (H+0.800)>%° 034 <h <070 | @=50.300% (h+0.490)"2°
(H=h+1)| 1.10 < H <370 | Q=47.250x (H—0.150)*%7 070 < h <420 | Q=206.318 < (h+0.010)" 9%
370 < H <543 | Q=152.575 < (H+2.005)*5% 2006 420< h <480 |Q=232.630%(h—0.010)*"
0.70 < H <1.40 | Q=10.810x (H—0.700)>% 480 < h <11.09 | Q=322.550x (h—0.010)"%%
140 < # <1.80 | Q=46.850x (H—1.120)""" 040< h <055 | Q=19.893x (h+0.510)2%%
2007
(H=h+2) 1.80 < # <330 | Q=286.940x (H—1.300)*"" 055< h <0.79 | Q=2838.786 (h—0.250)>9
3.30 < H <444 | Q=178.120 X (H—2.000)*" 2006 | 0.79< h <420 | Q=206.318 % (h+0.010)"%%
444 < H <11.00| Q=46.230< (H—0.800)*5° 420< h <480 | Q=232.630% (h—0.570)"
070 = # <1.10 | Q= 3.090 x (#—0.700)* " 480 < h =11.09 | Q=322.550 (h—0.010)"6*
110 < H <1.80 | Q= 34.985 < (H—0.900)*21° 053 <h <032 | Q=15.165x (h+0.530)300
2010 1.80 < H <3.30 | Q= 58.385x (H—1.120)*2% 0.32 < h <2.00 _ 2.209
(H=h+2) . <2. Q=117.500< (h+0.012)
3.30 < H <440 | Q=196.361 x (H—2.060)*3%° 2007 200< h <427 | O=18.206% (h+1.319)>%
440 < H <773 | Q=155.249 x (H—1.220)"93° 427 < h <1000 | Q=329.205 (h—0.980)7
(Slcu)fuir(cjirl.vl;i;{/\v;\/f\;vt\gr.V\f;\jg,.gz.kir/lieal Water Level) 053 <h <046 | Q=12.566 (h+0530)"™
046 < h <160 | Q=40.216x (h+0.150)*41°
o] 7495 ol&A Tl EAL JRE es ke & 2008 | 0.41 <h <1.60 Q:99.248><(h70‘410)2'56”
odolalu st tE 3 e wRER YT 4= 9=y 160 < h <250 | Q=131.220x (h—0.540)235
o HaidE g5 A= e ATt ¢ 27w 250 < h <12.00 | Q=263.602x (h—0.450)"7
40 A Gj7iHa A 045 <h <150 | Q=261.251x (h—0.450)>"°
150 <h <1.67 |Q=209.067x (h—0.320)*'5!
AA LA FHS A2 A fAska 9lem 045 <h <167 |Q= 59.125% (h—0.450)2730
2, AA AFde uiARSE WA HH3)s A9E o 045 <h <150 |Q= 261.251x(h—0490)2 730
g3l JELFGe WARTY HAIE AE 150 < h <200 | Q=209.067x (h—0.320)*"
(Fig. 3). TR gL 08 4oz wolx et A 2009 200 <h <400 |Q=300.168x (h—0.450)"72!
A afre] FEARES 918 ARSE AREH O wih 400 < h <637 |Q= 58.965><(h+0380)1701
W 6K, P, T, f), F, R,), dafreel 243t 045 <h <150 | Q=261.251% (h—0.450)>7
o iR dEafwS 60K P, T, fr, Fy, R, 150 < h <3.00 | Q=209.067x (h—0.320)>'%"
st 3M(K,, B, T,)= & 97§olth. SCE-UA "g3e] v 3.00 < h <14.00 | Q=203.653% (h—0.530)"™
MH4E= complex 207Y, complex W point®] 74 570 045 <h <110 | Q=370.319x (h—0.450)27
2 F Bl = 100712 Akl er, & 50w 5 110 <h <150 | Q=298.951 % (h—0.500)"9%
L2 FYSHES SHT Duan et al. (1993)°141= 712 2010 | 150 <h =300 |Q=213.9925 (h—0.320)>"%
T ] A RS complex® Wrrol] 0w <ls] 3.00 <h <430 | Q=89.704  (h+0.900)>%2
£&e] 7FE S| Sl A 2ids UVLX] & 430 < h <14.00 | Q=303.929 (h+1.400)'2%
I AAER= A-9(m=s, SCED ¢} complex?] 5 2n+12. Source : httpy//www.wamis go.k/
2 ZAAT HSCE2)Z U9l 74]}1\_]'0}93\94“4, complex (H=h+1:Converted Water Level, h : Real Water Level)
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Table 4. Selected Rainfall Events in Jeongseon and Yeongwol Watersheds for Parameter Calibration

Rainfall Direct Runoff Runoff Rate
RE?\izI;fr?tu Starting Time Ending Time (mm) (mm) (%3)

JS* YW JS YW JS YW
1 2004-04-26.14:30-}-2004-05-08"19:30 7258 46.70 14.05 9.07 5374 35.26
2 2004-07-07 06:00 | 2004-07-10 06:00 | 60.29 50.43 18.77 1854 77.98 59.06
3 2005-07-01 00:30 | 2005-07-09 19:00 | 104.65 | 145.47 58.60 47.14 63.41 71.64
4 2005-07-11 06:00 | 2005-07-24 13:00 | 54.78 92.31 47.35 54.18 115.01 91.38
5 2005-09-21 05:30 | 2005-09-30 05:00 | 57.81 59.18 25.27 37.58 134.31 | 108.88
6 2006-05-06-02:00"1-20068-05-15-08:30{-61.53 58.46 10.65 1845 34.10 7966
7 2008-08-22 07:30 | 2008-09-01 21:30 | 66.87 70.17 32.06 32.73 54.49 61.76
8 2009-07-09 03:00 | 2009-07-11 20:00 | 133.62 | 102.63 1.14 7.67 41.97 40.32
9 2009-07-11 21:00 | 2009-07-17 19:00 | 249.98 | 243.25 42.60 64.22 92.61 70.89
10 2010-09-21 08:00 | 2010-10-07 11:30 79.71 121.58 43.78 44.00 103.86 97.33
11 2011-04-3001:00|2011-05-09-12:00 74.83 92:78 35.95 35:32 92:26 83:11
12 2011-05-09 14:00 | 2011-05-20-05:30 8254 96:30 22:84 2404 68:98 100.66
13 2011-06-29 12:00 | 2011-07-02 00:30 | 69.28 77.97 22.14 20.47 74.40 58.66
14 2011-07-03 04:00 | 2011-07-07 05:30 | 117.22 | 151.93 33.52 32.66 99.75 75.46
15 2011-07-26 18:00 | 2011-07-30 04:00 79.37 89.71 10.46 9.60 68.52 62.03
16 2011-08-16 17:30 | 2011-08-22 17:30 80.78 140.87 12.89 8.13 67.87 73.40

#]S! Jeongseon watershed, YW: Yeongwol watershed.

% slashed rows
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Optimization of 6 parameters
in Jeongseon watershed
K, p, Ty 1 FeqiReg)

|

Set the parameters of
Jeongsun watershed as the
optimized result

Optimization of 9 parameters in
Yeangwol watershed
(.2, Ty fr.Feqs Roas Kes Py Tie)

Calculation of error using
runoff from Yeongwol
watershed(AMSE NSH

. rainfall events in April and May, shadowed cells

: runoff rate is more than 100%.

Optimization of 5 parameters

in Jeongseon watershed
{K, TJJ fl» F;'.aJRsa)

J

Set the parameters of
Jeongsun watershed as the
optimized result

Optimization of § parameters in

Yeongwal watershed
(K> T!rf;[J 'F;a!Rsa!Kchm Tlc‘:]

Calculation of error using
runoff from Yeongwol
watershed(RMSE NSE

Setp = 0.6 in Jeongseon and

Yeongwol watersheds

Fig. 3. Optimization Steps
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Table 5. Basic Statistics of the Parameters in Jeongseon and Yeongwol Watersheds
Jeongseon Yeongwol Channel
K|l p | T | h|Fa|l Ba| K| p | Ti | h | Fa| Bo | K | n | T
Min 00| 00] 00| 001 00 00| 00| 00| 00| 00] 0.0 00| 00| 00| 0.0
Max 80.0 | 1.0 {100 | 1.0 | 1.0 | 300.0 | 80.0 | 1.0 | 100 | 1.0 | 1.0 | 300.0 | 80.0 | 1.0 | 20.0

Table 6. Optimal Parameters of Jeongseon and Yeongwol Watersheds

Rainfall Jeongseon Yeongwol Channel

Event | K | p | i | Fa | By | K | p | fy | Fa | B | K| P | T
1 4870 | 0.33]10.14| 056| 0.75| 96.30|192.87| 0.85]11.29| 0.35| 0.75|158.88(157.82| 0.58| 5.88
2 2246 | 089| 661 0.75| 0.89| 802 73.33] 1.00|1691| 0.62| 0.67 [139.17| 21.88] 0.25| 6.54
3 2575 058 2.89| 090 | 0.92(13397| 25.77] 031| 7.38| 0.61| 0.64| 96.98| 21.82| 0.77| 0.22
4 25441 062| 345| 0.88| 0.96 14550| 1540 0.99|10.26| 051 | 0.69 | 23.96| 11.73] 0.56| 2.92
5 1969 | 0.78|12.83| 0.79| 0.96|11557| 27.30| 0.16| 4.73| 0.17| 095| 1.82| 77.23| 0.19| 2.70
6 1861 | 0.87|1394| 0.26| 0.68|151.77| 28.21| 0.65| 798| 0.82| 0.84|162.36|260.55| 0.09 | 9.38
7 33.15| 091 | 507| 064| 0.81(194.10| 20.60| 0.46| 3.74| 0.70| 0.79 |174.78| 4.55| 0.82| 8.82
8 44731 030| 3.37| 017 0.79| 51.69| 36.68| 0.61]|12.43| 057| 0.65| 18.08] 94.82| 0.30| 4.35
9 1414 080 298| 0.21| 0.89| 36.00| 24.72| 0.08| 525| 0.02| 045| 9.20(171.74| 0.60| 1.16
10 | 16.26| 0.76 | 4.07| 021| 097 25.36| 21.82| 0.62| 1.70| 0.07| 097| 25.57| 26.97| 0.12| 0.20
11 871] 0.87| 565| 0.03] 0.88| 25.17| 2258 0.78 | 12.19| 0.08| 0.90| 14.67| 90.65| 0.59| 1.19
12 | 41.06| 054| 588| 0.32| 089 31.16| 31.49| 0.75|21.06| 0.67| 0.78 | 35.42| 85.95| 0.34| 4.13
13 11059 | 099| 553 | 0.06| 0.83] 21.90| 36.25| 0.48| 2.33| 0.91| 091 | 94.31|239.47| 0.48| 2.60
14 | 1457| 087| 353 | 0.37| 0.89| 26.31| 44.30| 052| 556| 0.70| 0.88|178.03| 23.21| 0.03| 1.19
15 | 22.04] 0.68| 865| 058| 0.69(102.60| 43.03| 032] 0.31| 0.26| 0.76| 13.69| 97.92| 0.10| 4.94
16 | 45.00| 045| 6.85| 0.87| 093]159.38| 38.93| 0.69| 0.83| 0.16| 0.96| 52.89| 64.75| 0.29| 1.01

Table 7. Basic Statistics of the Parameters in Jeongseon and Yeongwol Waiersheds

Jeongseon Yeongwol Channel
Klp | T |hHh |Fa |[Ba | K | p | L | H | Fa|Bu| K |0 | T
Average 25.68| 0.70 | 6.34]| 0.48 | 0.86 | 82.80| 42.71| 0.58| 7.75[0.45 | 0.79 | 74.99| 90.69]| 0.38 | 3.58
Standard Deviation [12.98]0.21 | 3.43]0.31 | 0.09 | 61.18] 42.30| 0.27| 5.93| 0.29 | 0.14 | 67.15| 79.48| 0.25 | 2.91
Min 871/ 0.30 | 2.89/0.03 | 0.68 | 8.02| 15.40| 0.08| 0.31]0.02 | 0.45| 1.82| 4.55/0.03|0.20
median 22.2510.77 | 559|0.47 | 0.89 | 74.00| 29.85| 0.62| 6.47|0.54 | 0.79 | 44.16| 81.59| 0.32 | 2.81
Max 48701 0.99 [13.94] 0.90 | 0.97 [194.10{192.87| 1.00{21.06| 0.91 | 0.97 178.03[260.55| 0.82 | 9.38
Coefficient of Variance| 0.5110.30 | 0.54/0.64 | 0.11 | 0.74| 0.99| 0.47| 0.77| 0.64 | 0.18 | 0.90| 0.88|0.66 | 0.81
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Table 8. Errors of Optimized Results
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P

. All parameters are used p is fixed as 0.6
Rainfall Event

NSE* RMSE NSE* RMSE
1 0.974 15.33 0.975 15.20
2 0.995 37.64 0.996 33.06
3 0.963 119.82 0.961 123.94
4 0.926 112.31 0.923 115.00
5 0.928 123.46 0.923 127.73
6 0.890 81.01 0.908 74.14
7 0.979 43.01 0.968 53.78
8 0.991 72.00 0.985 93.56
9 0.988 163.14 0.984 186.80
10 0.971 91.41 0.981 72.92
11 0.960 94.68 0.970 82.30
12 0.919 105.72 0.944 87.79
13 0.987 94.98 0.990 84.51
14 0.976 209.29 0.990 133.83
15 0.974 101.92 0.996 42.51
16 0.961 102.58 0.979 75.92

*NSE @ Nash-Sutcliffe model efficiency coefficient.
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Table 9. Optimal Parameters of Jeongseon and Yeongwol Watersheds (p = 0.6)

Rainfall

Jeongseon

Yeongwol

Channel

Event K P

7

fi

F.

sa

R

sa

K

b

7

fi

F

sa

R

sa

K

C

D

C

38.7044 1 0.6

9.3271

0.1823

0.8239

32.9816

159.9285

0.6

19.4485

0.3081

0.4508

142.2109

246.0597

0.4878

6.3247

33.9451 | 0.6

6.0623

0.8786

0.9611

174.6623

43.475

0.6

3.2283

0.7321

0.8758

193.2626

29.2971

0.0106

6.4018

285085 | 0.6

3.6021

0.6347

0.9734

0.3258

18.4599

0.6

6.3866

0.2642

0.5587

11.9067

28.615

0.1015

2.2789

15.6257| 0.6

5.8005

0.6259

0.9604

19.2316

41.7636

0.6

9.0286

0.8274

0.9978

97.7449

153.3515

0.4472

24642

21.8586 | 0.6

9.6055

0.6367

0.8536

33.3816

6.691

0.6

11.5334

0.5187

0.8225

0.5761

150.4463

0.0597

8.0876

247741 | 0.6

12.2892

0.2672

0.6683

137.8257

38.1332

0.6

16.144

0.3655

0.9237

6.6626

731279

0.1677

7.4136

427038 0.6

5.8034

0.5433

0.6696

10.3061

16.003

0.6

8.9478

0.149

0.9062

17.2828

39.0328

0.4629

55075

2312321 0.6

2.9146

0.0787

0.6284

41.4599

45.2437

0.6

10.2015

0.2799

0.4975

10.9877

116.9918

0.5728

5.2719

O |0 | N | |01 W| D=

31.64341 0.6

2.8067

0.113

0.9589

2.805

28.9895

0.6

0.6104

0.1861

0.4784

46.9602

60.8642

0.2386

2.9297

—_
(e}

20.6765| 0.6

5.2904

0.0231

0.9884

15.0902

26.0032

0.6

2.4945

0.0835

0.9978

20.121

45.2016

0.1733

0.2019

Ju—
—

34.0416 | 0.6

44878

0.9086

0.9832

125.3613

12.1295

0.6

10.8058

0.0563

0.5196

3.4919

141.0275

0.5164

0.8424

—
Do

41.9709 | 0.6

7.8759

0.6635

0.9041

40.2297

344151

0.6

14.9154

0.7261

0.8294

178.5104

447788

0.3276

3.3821

Ju—
w

16.4239 | 0.6

6.4165

0.1435

0.8744

7.9049

39.3186

0.6

14.2695

0.4034

0.7072

23.5143

186.5417

0.3385

0.4536

—
SN

17.8433| 0.6

5.0968

0.073

0.8092

18.4845

22.7952

0.6

7.3921

0.0687

0.8145

23.3576

2.0354

0.2319

0.6169

Al

27.55181 0.6

—
)

4.9804

0.5408

0.9537

36.8528

35.2439

0.6

6.8179

0.1733

0.9697

25.8037

81.6603

0.3344

1.2477

—
(o))

30.9638 | 0.6

6.0476

0.201

0.9464

18.1915

4.8961

0.6

5.7178

0.1738

0.6005

1.5609

35.6018

0.8064

1.2786

Table 10. Basic Statistics of the Parameters in Jeongseon and Yeongwol Watersheds (p =0.6)

Jeongseon

Yeongwol

Channel

K

7

fi

F,

sa

R

sa

K

7

fi

F

sa

R

sa

K

@

De

7.

Average |28.15

0.60

6.15

0.41

0.87

44.69

35.85

0.60

9.25

0.33

0.75

50.25

89.66

0.33

3.42

Standard

Deviation 8.70

0.00

2.54

0.30

0.12

52.66

35.57

0.00

5.19

0.25

0.20

65.11

68.64

0.21

2.69

Min 15.63

0.60

2.81

0.02

0.63

0.33

4.90

0.60

0.61

0.06

0.45

0.58

2.04

0.01

0.20

median | 28.03

0.60

5.80

0.40

0.93

26.11

31.70

0.60

8.99

0.27

0.82

21.74

67.00

0.33

2.70

Max 42.70

0.60

12.29

0.91

0.99

174.66

159.93

0.60

19.45

0.83

1.00

193.26

246.06

0.81

8.09

Coefficient

of Variance 0.31

0.00

0.41

0.74

1.18

0.99

0.00

0.56

0.75

0.27

1.30

0.77

0.64

0.79
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Fig. 12. Error Surface of Objective Function in Jeongseon Station (Event 1)
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Fig. 13. Error Surface of Objective Function in Yeongwol Station (Event 7)
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Table 11. Rainfall Events in Jeongseon and Yeongwol Watersheds used for Parameter Validation

Rainfall (mm) Direct Runoff (mm) | Runoff Rate (%)
JS YW JS YW JS YW

1 2007-09-14 14:00 2007-09-21 21:00 18764 | 150.43 17.16 26.75 90.02 80.55
2 2009-07-17 19:30 2009-07-25 17:00 86.96 68.67 53.19 63.93 58.54 46.79

5 ¥
) ll e

No. Starting Time Ending Time

5000 -

4,500

—ggze
4,000 = ]
e ]
—BHANRY
3,500 T
—— A MRE
3,000
- L10
= E
E E
0 2,500 iﬁ:
i 0f
oF ]

- 15

:
55

2007-09- 2007-09- 2007-08- 2007-09- 2007-09- 2007-09- 2007-09- 2007-09- 2007-09- 2007-09- 2007-09- 2007-09- 2007-09- 2007-09- 2007-09-
1414:00 150200 1514:00 1602:00 1614:00 1702:00 1714:00 1802:00 1814:00 1902:00 1914:00 2002:00 2014:00 2102:00 2114:00

Fig. 14. Rainfall and Runoff Hydrograph in Jeongseon and Yeongwol Watersheds (Validation Event 1)
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