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Study of Stochastic Techniques for Runoft Forecasting Accuracy in Gongju basin
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Abstract

When execute runoff forecasting, can not remove perfectly uncertainty of forecasting results. But, reduce uncertainty by var-
ious techniques analysis. This study applied various forecasting techniques for runoff prediction's accuracy elevation in Gongju
basin. statics techniques is ESP, Period Average & Moving average, Exponential Smoothing, Winters, Auto regressive moving
average process. Authoritativeness estimation with results of runoff forecasting by each techniques used MAE (Mean Absolute
Error), RMSE (Root Mean Squared Error), RRMSE (Relative Root Mean Squared Error), Mean Absolute Percentage Error
(MAPE), TIC (Theil Inequality Coefficient). Result that use MAE, RMSE, RRMSE, MAPE, TIC and confirm improvement
effect of runoff forecasting, ESP techniques than the others displayed the best result.

Keywords : ESP, Runoff forecast, ARMA, Time-series analysis
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H 1. ESP S dd Al

Step 1 Step 2 Step 3 Step 4
Past streamflow Current basin condition ESP scenario ESP probabilic
114749 calibration R.j3tof | W&, g4, w4, 9l 52| 8| A1 7P5~§ 3RS 2R | ¢ sle o o = HdS
SSARR 2-89] 27] o/fasE 018 8 £ 53] Bl frobdel | A8 atel oardgel f2A | S ah g v
o} o ZA] A4 =0 A8 yeles A ESP = e

E 2. ESP7|Hol| 2l oiE5E REZnet 25 2| of

1 Month 2 Month

3 Month 4 Month

ESP Forecast Observation ESP Forecast Observation

ESP Forecast Observation ESP Forecast Observation

Repre- | Proba- | Repre- | Proba- | Repre- | Proba- | Repre- | Proba-
sentative| bility |sentative| bility |sentative| bility |sentative| bility

Repre- | Proba- | Repre- | Proba- | Repre- | Proba- | Repre- | Proba-
sentative| bility |sentative| bility |sentative| bility |sentative| bility

19.9 6 30 25 28.8 11.9 | 294 21

21.6 2.8 39.9 13 22 6.3 29.7 4

452 46 50.2 42 528 | 32.7 | 6l1.1 50

453 183 | 61.2 21 47.7 | 30.6 | 684 25

70.6 27 70.5 17 76.9 | 243 92.8 17

69 23.6 82.5 13 73.5 | 222 107 25

96 11 90.7 13 101 157 | 1245 0 92.6 17.3 | 103.9 4 99.2 12.1 | 145.7 8
121.3 4 111 0 125.1 8.4 156.2 4 1163 | 169 | 1252 13 1249 | 84 184.4 4
146.7 2 1312 0 1492 | 3.1 187.9 0 140 8.9 146.5 17 150.7 | 73 | 223.1 13
172.1 1 151.5 0 173.3 1 219.6 4 163.7 | 6.5 167.9 8 1764 | 54 | 261.7 13
197.4 2 171.7 0 197.4 | 0.7 | 2513 0 187.3 3 189.2 0 202.1 | 3.7 | 3004 0
222.8 1 192 0 2215 | 09 283 0 211 2.1 | 2105 4 2279 | 2.6 | 339.1 0
248.2 1 2122 4 245.5 1.2 | 3147 4 2347 | 0.7 | 2319 8 253.6 1.4 | 377.7 8
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o) 43 Ao =5

3.2 37 #= HIo|E{(Historical measured data)

3.2.1 7)ZFEt 2 ol]F Wit (Period Average & Moving
average)
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3.2.2 A5=8E(Exponential Smoothing, Winters)
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S 7 e A9l A8shs AFEEH Winterss
ol&elx FEASS FBAUTE. Winters ATEEHE A
AGE] A7t WA e 5ol AMEE 7PHRET A
AFe] A7t ARte] S5 wet Sk 7ol ARSH
= SHEFo] ST} Fig. 59 Table 39 AAISE nfe} o]
Winters®] 5H2 (multiplicative) A& FAIEHA 7He] 3}
ZHE)S ARBSl dEsiaior o, A 2 AE AR
o] gt 52 A5 Allstact.

3.2.3 AutoRegressive Moving Average process(ARMA)

=T A3l AREE 9 Y RRoEs S
232l A= EH (exponential smoothing), ZEH E3<I
Box-Jenkins®] AJAIBEAY, AHE DR (spectral analysis)
5ol k. ARl ofF W} A7le] T}
FAROR ojufd Wil S S Ao FAR Ho]
™ THe] ASHAAGAR) yy, .y GEHF 1, -, V9
AFE glolok. 2lal SEWS 1, - Ve FIAIEY] 4
wog B % gty o] A% FA ALL HEIHHolY
k. e, el S BE teol Adekes gEad
e Igolel s AL e 2 4 (e A7)
SIATY, 2 4y JRYTY, 2 (5= olF BT,
2 (6y= A71E]FIOEsHT A G (ARMA)IT. REZR1 AJA]
& Amdle A7 23 WslselE sk AF,
A1 AR, A SRR RS WEAREe] EAE,
AAGREAEZ L A AT A 718 RS 23
£4 QA2 Ageha Uei Amt GAALE 29
o= 7FgelA E38(BoxS} Jenkins, 1976; Kottegoda,
1980).

o o K

™

E 3. X|Zehwinters)? |0l 2Jsl| 0| ZEl AIAZTH(unit : cms)

Date Measured Level Trend Season Forecasted Error
Jan-1983 419.50 1605.63 2.75 0.26 - -
Feb-1983 612.50 1608.40 2.77 0.29 463.67 148.83
Mar-1983 2421.60 1611.29 2.89 0.53 848.82 1572.78
Apr-1983 2895.90 1614.30 3.02 0.62 993.87 1902.03
Oct-2006 668.00 3390.87 5.17 0.52 1747.39 -1079.39
Nov-2006 714.00 3395.99 5.12 0.30 1035.68 -321.68
Dec-2006 659.40 3401.08 5.08 0.28 936.20 -276.80
Jan-2007 - - - - 890.07 -
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E(e)=0 forV t (zero mean) @)
E(eje,) =0 for Vt#s (uncorrelated)

E(e}))=...E(e))=o.<»

Y= #,_1te, (AR(1)) 3)

V=Yt tdy, ,te, (AR(D)

Y =V1te, “4)

v, =e—0be,_, (MA(1)) 5)

y,=e b —...~ 0., (MA(Q)

yr—¢1yt_1+...—¢pyr_p=et+916t_1...+9qet_q 6)

12 29S¢ B Y U Bl daok
/‘]-%5‘ T dom g AAIE wg= v e, o

o) BAoE A el mEe) BAH 54
3] 3, Eihel AlRte] EEeE Byeta Asof ¢
LA Ame tig FARE T 29 iR 9 A
S7F AEEE WEA FoE= At 9 EFEst o)
sl B AFoME 4 (7)) Box-Cox W32l (Box
and Cox, 1964)S o]-&3l] 52 A3t

ﬂ]ﬁnml

il

R ={/11[(zr+c)'11] A#0 .

In(z,+c¢) A=0

&7]A, A : Box-Cox 7S, ¢ : 9= w7

ARMA R3e] Bre Bag AALe WA AoE
S48 4 gle $AH RS gelsn sk o Qo
o 23] HALME Fig. 69 2on FQ3531ge] 27
A+ #-8=(autocorrelation function; ACF)9} HAL7 [ dadsl-
(partial autocorrelation function; PACF)E Fig. 79 =A|8}
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IS = Stk F, AlAIEe] P A (p—0) ACFE =
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5o Aol =& AR Vet

4. 4E A OF

B ?i%ﬂl*ﬂb 7HWii TEEFS o83l fEdEs
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E 4.2 7ol 2l o= REZ2Hunit : MCM)
o a4=7k ESP ARMA Winter e R o)zt
1 2491 4523 25.61 5242 49.88 25.15
2 49.58 52.85 4325 30.04 65.72 37.36
3 80.93 68.98 68.50 76.30 109.84 52.12
4 81.98 4775 68.35 96.52 138.03 78.86
5 51.94 58.12 58.21 88.31 139.92 73.06
6 94.50 95.46 187.06 17831 245.12 92.92
7 384.41 544,84 696.54 557.45 777.78 1141.75
8 518.89 288.13 513.15 328.72 581.93 483.77
9 1180.62 200.86 200.45 261.27 400.44 102.83
10 86.99 87.36 30.21 109.52 106.75 50.02
11 37.76 54,60 29.31 56.80 62.57 34.63
12 50.96 49.96 39.73 41.73 55.06 30.99
H 5 SAVIHoZE EM6 2t RE0S 7|Hel At

714 ESP ARMA Winters s ol =g
MAE 10.6 232 264 459 428
RMSE 15.14 37.13 34.44 63.52 63.44
RRMSE 0.244 0.596 0.563 1.340 0.587
MAPE 22.74% 29.69% 47.38% 73.57% 66.85%

TIC 0.13 0.30 0.25 0.39 0.41

(8)2 A#H 2 MAE(Mean Absolute Error), RMSE lar Z; Qo] AR o0 et ST aE 2 A

(Root Mean Squared Error), RRMSE(Relative Root Mean
Squared Error), 4] (9)= Mean Absolute Percentage Error
(MAPE), 2](10y2 TIC(Theil Inequality Coefficient)o]t}.
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Exponential Smoothing(Winters), Moving Average, Average
59 #EAZ NS A8 2 Blslch

L FEAER 3 Fe ) Aol UiR 9 B9,
DS, A - F - FUES A o8, F5F, W &
AL, 9 WED B ew 58 SPaNer] 8 B
AR F A, BERG D 85 o)8F Ame] tliA

=

g ool gt AF E BAS AASHIT
g8, W, AgA, s
& et A 7rsd A A
5 Ao N FEEA o5 7tes sk A=
7Rl ESP 7THE o83l AE fEAIURe 4
QAR Wwsials Faiete] 74 Jdd AaAisol tisf 2t
s TR kA ¥l AA ARE EEERETE
olg3l F99 S FES ER3IA
3. TRAZE #5E AAIE S ARE 83t BAA 71
< B3 FEAEES FRse BAH THeEe
ARMA, Exponential Smoothing(Winters), Moving Average,
AverageS ©]8319TE BAIA 7IH F AEZH A w7
WS JHd3k= ARMAS} Exponential Smoothing(Winters)
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