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Real-Time Forecasting of Flood Discharges Upstream and Downstream
of a Multipurpose Dam Using Grey Models
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Abstract

To efficiently carry out the flood management of a multipurpose dam, two flood forecasting models
are developed, each of which has the capabilities of forecasting upstream inflows and flood discharges
downstream of a dam, respectively. The models are calibrated, validated, and evaluated by comparison
of the observed and the runoff forecasts upstream and downstream of Namgang Dam. The upstream
inflow forecasting model is based on the Grey system theory and employs the sixth order differential
equation. By comparing the inflows forecasted by the models calibrated using different data sets with
the observed in validation, the most appropriate model is determined. To forecast flood discharges
downstream of a dam, a Grey model is integrated with a modified Muskingum flow routing model. A

comparison of the observed and the forecasted values in validation
good forecasts for the dam’s flood management. The applications

floods in real situations show that they provide reasonable results.

enhance the prediction accuracy, the models are necessary to be

reveals that the model can provide
of the two models to forecasting
In addition, it is revealed that to

calibrated and applied considering

runoff stages; the rising, peak, and falling stages.

keywords : Real-time flood forecasting, Grey model, Modified Muskingum flow routing model, Namgang dam
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Fig. 1. Boundary Map of the Watershed Fig. 2. Boundary Map of the Watershed Downstream
Upstream of Namgang Dam of Namgang Dam and Gauge Stations

Table 1. Selected Storm Events for Calibration and Validation of Models for Forecasting Inflows of
Namgang Dam

Storm event Date Runoff(hci;lratlon ngllg{/sfiz;)v Remarks
HY0203 May 29, 2003 101 3,778.6 Calibration
HY0403 Agu. 15, 2003 145 1,549.2 Calibration
HY0503 Sep. 10, 2003 120 12,081.7 Calibration
HY0104 Aug. 18, 2004 239 6,069.5 Validation
HY0204 Jun. 17, 2004 164 2,506.3 Validation
HY0304 Jul. 23, 2004 90 2,996.1 Validation

Table 2. Selected Storm Events for Calibration and Validation of Models for Forecasting Discharges of
the Jeongam Streamflow Gauge Station

Storm event Date Runoff(h(i;lratlon Pgilg{/iz\;v Remarks
JA0403 Aug. 15, 2003 287 807.5 Calibration
JA0503 Jul. 10, 2003 190 1,317.4 Calibration
JA0104 Jun. 17, 2004 164 929.7 Validation
JA0204 Aug. 18, 2004 164 1,518.6 Validation
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Table 3. Comparison Results between Observed and Forecasted Inflows of Namgang Dam in
Calibration, Varying with Calibration Data Sets, Lead-Times, and Storm Events
Calibration Calibration results (1)
Models
data sets Events 1 hr 2 hr 3 hr 4 hr 5 hr 6 hr
GHY1 HY0203 HY0203 0.997 0.991 0.983 0.970 0.958 0.950
GHY?2 HY0403 HY0403 0.997 0.994 0.989 0.984 0.979 0.973
GHY3 HY0503 HY0503 0.991 0.973 0.956 0.934 0.895 0.850
HY0203+ HY0203 0.995 0.981 0.961 0.944 0.938 0.938
GHY4
HY0403 HY0403 0.996 0.989 0.972 0.958 0.939 0.921
GHYS HY0203+ HY0203 0.988 0.938 0.841 0.771 0.777 0.787
HY0503 HY0503 0.990 0.971 0.951 0.927 0.888 0.849
HY0403+ HY0403 0972 0.876 0.760 0.669 0.627 0.597
GHY6
HY0503 HY0503 0.991 0.972 0.953 0.932 0.892 0.843
HY0203+ | HY0203 0.989 0.946 0.862 0.801 0.802 0.842
GHY7 HY0403+ HY0403 0.976 0.902 0.814 0.736 0.688 0.661
HY0503 HY0503 0.990 0.969 0.947 0.922 0.883 0.835
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Table 4. Comparison Results between Observed and Forecasted Inflows of Namganag Dam in
Validation, Varying with Models, Lead-Times, and Storm Events

Rdele Validation results (r)
Events 1 hr 2 hr 3 hr 4 hr 5 hr 6 hr
HY0104 0.945 0.808 0.736 0.696 0.716 0.749
GHY1 HY0204 0.910 0.743 0.725 0.756 0.766 0.773
HY0304 0.906 0.803 0.773 0.724 0.709 0.688
HY0104 0.975 0.924 0.861 0.812 0.801 0.797
GHY2 HY0204 0.989 0.975 0.953 0.935 0.922 0.909
HY0304 0.948 0.866 0.770 0.704 0.689 0.677
HY0104 0.971 0.922 0.887 0.851 0.819 0.716
GHY3 HY0204 0.949 0.845 0.751 0.670 0.640 0.576
HY0304 0.900 0.720 0.647 0.660 0.705 0.646
HY0104 0.974 0.932 0.896 0.887 0.885 0.884
GHY4 HY0204 0.985 0.969 0.943 0.923 0.899 0.881
HY0304 0.942 0.865 0.820 0.806 0.822 0.823
HY0104 0.973 0.931 0.904 0.885 0.856 0.774
GHY5 HY0204 0.956 0.867 0.795 0.725 0.693 0.643
HY0304 0.903 0.724 0.667 0.715 0.781 0.722
HY0104 0.974 0.932 0.898 0.868 0.838 0.778
GHY6 HY0204 0.958 0.867 0.781 0.703 0.674 0.657
HY0304 0.910 0.742 0.665 0.683 0.738 0.706
HYO0104 0.975 0.936 0.913 0.894 0.871 0.832
GHY7 HY0204 0.962 0.883 0.817 0.753 0.725 0.720
HY0304 0912 0.748 0.691 0.735 0.806 0.795
3.4 o 31E M| AAZF BA2 of S 946& A= 7 ZAPES Z3tste]l HAS 239
SZdaet Aol vsgt A3kE yebillth Table 50 U
(1) 23] A B A SAIhE AaAE Bl B, 7 FEARY
9 e sk B S B9 RS flske] o] 23 AFE AFEI RYo] Wi FEAY ARE
20030l AT 2740 SRS AdAska RAAtR AMge BAAY B 2 kS Jehfal gith olE B
of met g 37lel BYE 7Stk 2 R A Aol AHEH T FFApde] Atm Ho] dEaiy, AA
A AR AHEdlel WANReE, WARAE BT W @ % Tl S AL Zethe AL ek
wsto] Aeet RS A Table 5= 53] o} Fig. 7¢ JAMO3+JAOR03L.5 HA® GJA3 %8 9]
BAANES oSA7EE vuwdt Aotk o]E EIE BAANZ A= g} vwd Aow A=Aeel o
o] HAANE vlus] By, vl SFAPES AREste] AT} A AeS Ueh o 9ok B8], 3153
AT Rygo] WA AREHA e TGS B M ol Ayl 358 & 4=

Table 5. Comparison Results between Observed and Forecasted Inflows of the Jeongam Streamflow
Gauge Station in Calibration, Varying with Models, Lead-Times, and Storm Events

Calibration Calibration results (r)
Models
data sets Event 1 hr 2 hr 3 hr 4 hr 5 hr 6 hr
HY0403 0.999 0.999 0.997 0.995 0.992 0.988
GJA1 JA0403
HY0503 0.999 0.999 0.999 0.998 0.996 0.993
HY0403 0.999 0.997 0.994 0.989 0.981 0.971
GJA2 JA0503
HY0503 1.000 0.999 0.999 0.999 0.999 0.998
JA0403+ JA0403 0.999 0.998 0.997 0.995 0.991 0.987
GJA3
JA0503 JA0503 0.999 0.999 0.999 0.999 0.998 0.996
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Fig. 7. Comparison of Observed Discharges of the Jeongam Sireamflow Gauge Station and Values
Forecasted Using the GJA3 Model for Lead-Time 4 Hours in Calibration
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Table 6. Comparison Results between Observed and Forecasted Discharges of the Jeongam Streamflow
Gauge Station in Validation, Varying with Models, Lead-Times, and Storm Events

Validation results (1)
Model
Event 1 hr 2 hr 3 hr 4 hr 5 hr 6 hr
GIAL JA0104 0.999 0.999 0.998 0.997 0.994 0.990
JA0204 0.999 0.999 0.998 0.997 0.994 0.989
GJA2 JA0104 0.999 0.999 0.998 0.996 0.992 0.984
JA0204 0.999 0.999 0.999 0.998 0.996 0.993
GJA3 JA0104 0.999 0.999 0.998 0.997 0.994 0.990
JA0204 0.999 0.999 0.998 0.997 0.995 0.992
1800 1000
+ Obs. —Sim. ..’"
\ A “.J'
7 1200 ;% .#.‘ .
3 : oot
& w00 H e
- - c’:’
i
0 0
0 50 100 150 200 250 0 500 1000
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(@) Hydrograph(JAG204) (b) 1:1 graph(JA0204)

Fig. 8. Comparison of Discharges of the Jeongam Streamflow Gauge Station and Values Forecasted
Using the GJA3 Model for Lead-Time 4 Hours in Validation
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Fig. 9. Comparison of Observed and Forecasted Inflows of Namgang Dam from One to Six Hours of

Lead-Time According to Runoff Stages
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Fig. 10. Comparison of Observed and Forecasted Discharges of the Jeongam Streamflow Gauge Station
from One to Six Hours of Lead-Time According to Runoff Stages
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