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Application to Evaluation of Hydrologic Time Series Forecasting for Long-Term
Runoff Simulation

SMA T Y B A 2 Y Y

Yoon, Sun kwon / Ahn, Jae hyun / Kim, Jong suk / Moon, Young il

Abstract

Hydrological system forecasting, which is the short term runoff historical data during the limited
period in dam site, is a conditional precedent of hydrological persistence by stochastic analysis. We
have forecasted the monthly hydrological system from Andong dam basin data that is the rainfall,
evaporation, and runoff, using the seasonal ARIMA (autoregressive integrated moving average) model.
Also we have conducted long term runoff simulations through the forecasted results of TANK model
and ARIMA+TANK model. The results of analysis have been concurred to the observation data, and
it has been considered for application to possibility on the stochastic model for dam inflow forecasting.
Thus, the method presented in this study suggests a help to water resource mid- and long—term
strategy establishment to application for runoff simulations through the forecasting variables of
hydrological time series on the relatively short holding runoff data in an object basins.

Keywords - Hydrologic Time Series Forecasting, Long-term Runoff Simulation, Seasonal ARIMA,
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Table 1. AIC and SBC between different models

Precipitation Evaporation Runoff
Models
AIC SBC AIC SBC AIC SBC
ARIMA(1,1,0)x(1,1,0)12 816.71 827.09 -91.95 -81.53 665.32 675.75
ARIMA(1,1,0)x(0,1,1)12 754.95 765.33 -122.36 -111.94 588.67 599.09
ARIMA(0,1,1)%(1,1,0)12 767.80 778.18 -126.45 -116.02 612.14 622.57
ARIMA(1,1,0)x(0,1,1)12 711.10 721.48 -143.53 -133.10 535.56 545.99
ARIMA(1,1,00x(2,1,0)12 798.21 812.05 -100.32 -86.41 628.07 641.97
ARIMA(0,1,1)%(0,1,2)12 749.86 763.70 -131.78 -117.88 579.31 593.22
ARIMA(2,1,0)x(0,1,1)12 763.80 777.63 -132.44 -118.54 607.87 621.78
ARIMA(0,1,2)x(1,1,1)12 704.30 718.14 -154.95 -141.04 529.71 543.62
ARIMA(0,1,2)%(0,1,1)12 806.90 820.74 -102.37 -88.46 634.07 647.97
ARIMA(2,1,0)x(2,1,0)12 789.32 - -109.93 -92.55 599.30 616.68
ARIMA(2,1,0)x(0,1,2)12 713.82 731.11 -153.46 -136.08 532.29 549.68
ARIMA(0,1,2)%(2,1,0)12 746.00 763.30 -140.41 -123.02 572.85 590.23
ARIMA(0,1,2)%(0,1,2)12 713.82 731.11 -153.46 - 532.29 549.68
) _ (Likelihood Function)& HSA|P 0. 2A] BFE T3]
34 =9l 78 W 5 gtk mEe] AWEAeld Ak mHel
2E9] 242 (model estimation)S 98] AF&-5 ARIMA(0,1,2)x(1,1,1)122] E4-FAG P,), E5243F
= e 2 Al 77 dek A AR, 2A8 F ALE), SRddALd Q) S HAFEyer 44
2AlFHH(CLS; conditional least squares) 2.2 R45 Ao 2 YehlH Egs. (14-a)~(14-c)¢F 2tk
e s s ek AE B e #5gkel =
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7 &Aoo R o]8u% Fahe vl Atk F WA
2 WEARAAAZAULS;  unconditional  least {(1—0.712558+0.0002003B'2) (In £, — 0.63053) } (14-b)
squares) 2= oFo] o X &} e 10| glo] A} =(1-0.227665'2)0,
Augs Hastehe Wolth Al WAZ H4=54
M(ML; maximum likelihood method)e] $125, °l= {(1-0.6463-0.2488") (InQ, +0.00055)}  (14-¢)
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5 10

15

Lag Time(Months)

() PACF Residual Plot of Inflow

Fig. 8. Autocorrelation Plot of Residuals

. Statistics Precipitation Evaporation Runoff Note
Lag Time X’ Q value x> Q value x> Q value
6 4.96 0.1745 12.96 0.0054 2.63 0.4529 ok
12 12.87 0.1686 18.79 0.0271 6.75 0.6633 ok
18 19.37 0.1973 30.60 0.0099 8.58 0.8982 ok
24 29.80 0.0961 36.12 0.0212 17.66 0.6707 ok
30 31.49 0.2514 40.23 0.0487 1894 0.8720 ok
36 34.34 0.4031 44.48 0.0876 20.12 0.9618 ok
42 36.93 0.5644 51.99 0.0797 22.53 0.9839 ok
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Fig. 9. Results of Variables Forecasting (2004-2009)
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Table 3. Statistical Evaluation Index by Time Series Forecasting

Forecast Statistics

Variate Years cC RMSE VE (%) R®
2004 0.95 48.33 17.35 0.91
2005 0.96 27.68 -9.65 0.93
Precipitation 2006 0.71 135.74 12.12 0.50
2007 0.84 53.87 -0.66 0.70
2008 0.89 20.89 -22.33 0.80
2004 0.95 13.68 -6.07 0.90
2005 0.97 10.48 -0.73 0.94
Evaporation 2006 0.52 59.42 -1.06 0.27
2007 0.87 2777 -15.60 0.75
2008 0.92 9.27 12.06 0.85
2004 0.88 764.12 14.77 0.78
2005 0.87 574.72 -22.07 0.76
Inflow 2006 0.71 2,238.16 24.63 0.51
2007 0.64 1,046.81 -10.52 0.41
2008 0.84 307.13 -41.24 0.71

L(LI

* Correlation Coefficient (CORR) = (}3(@,,, (i) —

) (32 Qe /) (33@(0)/n)/ \/SD; X 5D,

SD:\/‘Z obs (EQO}N /Tl » 8D, = \/‘E

\/ﬁ Percent Error in Volume (VE) (ZQW 320,.)/30,,.)x100(%),

2/n—(33Q,,()/n)’|, Root Mean Square Error (RMSE) =

Coefficient of Determination

(R = SSR/SST, where SSR is regression sum of squares and SST is total sum of squares., Where n is a
number of data, @, is observed data, and @, is simulated data.
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Table 4. Summary of Model

Calibration and Verification Results (2000-2003)

Observed Simulated 3
Year P (mm) 3 3 RMSE R NSE Note
Q (m/s) Q (m’/s)
2000 1,030.5 10,128 10,301 313.70 0.94 0.93 Cal.
2001 840.4 6,493 7,930 397.64 0.73 0.69 Ver.
2002 1,641.1 19,509 17,915 632.64 0.96 0.94 Cal.
2003 1,796.4 22,775 22,370 633.32 0.92 0.91 Ver.
Aver. 1,327.1 14,726 14,629 494.33 0.89 0.87

* P; Precipitation, Q: Dam Inflow, RMSE: Root Mean Square Error, R2: Coefficient of Determination, Cal.: Calibration,

Ver.: Verification, NSE: Nash-Sutclifie Model Efficiency; (NSE=1- Zn](@”fczl"”‘*)z/(@“bt Q"))

FE 200337141 9] 2170 EHdE Aol Fig. 9 A4S Ad RMSE (Root Mean Square Error)Z A}
oA et miel o] {EF ROA= dEEI Sato] o] Fede A=

Hlatske] 1 AJREA WEAo] v 2 XS o TANKREH| viWsE IA AFE), &%
AaL, AFA] Age £33 daE AN Eol(H), +&& AN, FFe A+-B®=E v
& = Qlvk TANK R3¢ vy HAsts 9lstho] % 13719 wifdsER FdEo] Qdth Table 5%
A dare] S S ol 8sto] SheE 92 2000 TANKE o] AdnbAQl wizig=2] pejeh ket
Wk 20029 @ FE AHRE RAsien, 2001 1 EHHS F3 TANKREHE 7 ARIMA+TANKR
dak 20039 Aotk i HAs HAxEme Feo] RS HAstek 4 Hehfgl e, o
Agee] el wAglol A ow FrbE o fl= B9 2IARILS)E 560, 580, §=2090, S,
Nash-Sutcliffe (Nash and Sutcliffe, 1970) %% &3} =63.090.% 7}AsrTH

Aglo] SAetaAets Wk e AU ek

Table 5. Range of Parameters and Parameter Estimation Results

Parameters Explanation Range Parameter Bstimations
TANK ARIMA+TANK
S 1* Storage Height - 6.0000000 6.0000000
Sy 2™ Storage Height - 8.0000000 8.0000000
S3 3 Storage Height 10~100 209.0000000 209.0000000
Sy 4™ Storage Height 100~1000 63.0000000 63.0000000
An 1% Upper Runoff Coefficient 0.1~0.5 0.4029024 0.3973173
A 1* Lower Runoff Coefficient 0.1~05 0.2500248 0.2500515
Ay 2" Runoff Coefficient 0.03~0.1 0.1000210 0.1000139
As 3 Runoff Coefficient 0.005~0.05 0.0050002 0.0050007
Ay 4™ Runoff Coefficient 0.0005~0.005 0.0005002 0.0005001
B, 1* Infiltration Coefficient 0.1~05 0.3470702 0.3525368
Bs 2" Infiltration Coefficient 0.03~0.1 0.1999920 0.1999938
B3 3" Infiltration Coefficient 0.005~0.05 0.0099981 0.0099983
Hu 1% Upper Runoff Height 30~60 34.9992529 34.9996448
Hi 1" Lower Runoff Height 10~20 9.9998021 9.9957731
Ho 2" Infiltration Height 0~50 4.9994417 4.9758823
Hs 3" Runoff Height 0~30 4.9830000 4.8540000
Hiy 4™ Runoff Height 0~10 0.0000000 0.0000000
Hi424% H5105% 20094F 10H 819




Table 6. Statistical Resulis between Observed and Simulated Discharge

Duration of Statistics
L. . Models
Optimization cC RMSE VE (%) R
1983. 01 TANK(Monthly) 0.9352 506.8766 -6.1385 0.8746
2003, 12 ARIMA+TANK 0.8706 699.9275 -5.6315 0.7580
100000 E ‘ ‘ ‘
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Fig. 12. Forecasting Results of Monthly discharge
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Table 7. Monthly discharge Forecasting Results (2003-2004)

Monthly Forecasting in 2003yr (m®/s) Monthly Forecasting in 2004yr (m?/s)
Statistics ARIMA ARIMA
Obs. TANK + ARIMA Obs. TANK + ARIMA
TANK TANK
Average 1897.9 1865.2 1187.5 1034.0 1278.2 1432.6 1150.3 1113.7
STDEV 2068.2 1651.3 11185 1016.6 1534.4 1441.0 1031.8 1050.9
Median 1158.6 1442.1 703.1 649.3 411.8 574.3 638.5 748.0
Skewness 1.222 0.796 1.167 1.099 1.251 1.053 0.979 1.011
Kurtosis 0.409 -0.819 -0.050 -0.293 0.364 -0.393 -0.678 -0.557
CC - 0.96 0.79 0.82 - 0.97 0.95 0.88
RMSE - 649.60 1489.41 1563.66 - 401.76 635.86 764.12
VE (%) - 1.75 59.82 83.56 - -10.78 11.12 14.77

Table 8. Monthly discharge Forecasting Results (2005-2006)

Monthly Forecasting in 2005yr (m®/s) Monthly Forecasting in 2006yr (m?/s)
Statistics ARIMA ARIMA
Obs. TANK + ARIMA Obs. TANK + ARIMA
TANK TANK
Average 827.0 1080.8 1179.2 1061.3 1245.2 1356.4 1198.8 999.1
STDEV 1121.8 1160.2 1070.5 1025.1 2911.8 2213.7 1084.5 969.3
Median 396.1 433.0 635.9 631.8 253.5 655.3 656.6 680.2
Skewness 2.262 3.191 0.961 1.088 3.355 3.109 1.005 1.645
Kurtosis 5.643 11.809 -0.692 -0.305 11.436 11.361 -0.514 2.353
CC - 0.90 0.82 0.87 - 0.99 0.65 0.71
RMSE - 554.33 730.18 574.72 - 726.57 2261.27 2238.16
VE (%) - -23.48 -29.86 -22.07 - -8.20 3.87 24.63

Table 9. Monthly discharge Forecasting Results (2007-2008)

Monthly Forecasting in 2007yr (m®/s) Monthly Forecasting in 2008yr (m?/s)
Statistics ARIMA ARIMA
Obs. TANK + ARIMA Obs. TANK + ARIMA
TANK TANK
Average 963.8 12424 1186.8 1077.1 601.5 912.2 12345 1023.7
STDEV 1322.0 1153.7 1050.5 1239.3 999.2 11139 1049.1 1016.8
Median 382.6 861.4 682.9 628.9 217.8 400.5 673.4 641.1
Skewness 1.724 1.375 0.985 1.587 2.254 1.350 1.042 1.168
Kurtosis 1.944 0.699 -0.549 1.996 4.453 0.540 -0.384 -0.131
CcC - 0.91 0.74 0.64 - 0.97 0.82 0.84
RMSE - 584.56 882.37 1046.81 - 421.99 866.29 686.76
VE (%) - -22.43 -18.79 -10.52 - -34.06 -51.27 -41.24
822 BEKERSEHE
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