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• Dams in Korea

▫ 20 multipurpose dams and 14 water storage dams are responsible for the water supply of 

the nearby watershed

Reservoir Operation in Korea

Dams in Korea, K water

If the dam 
operation fails..

Drought!

Flood !
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• Characteristics of Water Resources in the Korean Peninsula

▫ 2/3 of annual precipitation (1300 mm) occurs in 3 month period (June to September)

▫ It is important to store water during summer and use it appropriately in drawdown period

Introduction

Dam operates to store water
in the flood season (June ~ September)

and supply water during the

drawdown season (November ~ May)

http://www.google.co.kr/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwi06bjJv_LTAhWGHZQKHcEPAEEQjRwIBw&url=http://www.basiccivilengineering.com/2017/02/reservoir-dam-structure-cross-section-terminologies.html&psig=AFQjCNH6aF_DArqww_SSlqNxIWJISRYv7A&ust=1494958239473911
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• Current dam operation rule in Korea 

▫ Operation rule based on the annual rule curve

Reservoir Operation in Korea

Determine annual 
rule curve

Annual reservoir 
operation plan

Monthly reservoir 
operation plan

Occasional reservoir 
operation plan

✓ Determine the level which indicates the target storage
to keep at the end of each month

✓ Renewal every 2~5 years

✓ Determine monthly release or  storage level of end 
of the month

✓ Renewal annually (October or November)

✓ Adjust monthly 

✓ Flexible operation corresponding to urgent occasion
(drought, flood, water quality accident )
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• Current dam operation rule in Korea 

▫ Operation rule based on the annual rule curve

➢ Methods to determine annual rule curve

 Based on storage equation : 

➢ Monthly adjustment

 Adjust the plan of monthly release to fit the rule curve

Reservoir Operation in Korea

1t t t tS S Q R   

5% quantile of inflow Annual planned release (water supply)Annual rule curve

Calculated with historical data

Andong dam’s 
annual rule curve, 
K water (2015)

Initial storage level

Annual rule curve
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• Glosea5 in Korea : forecasting system generates ensemble forecasts

▫ In Korea, KMA has started to utilize GloSea5 for ensemble forecasts of climate forcing.

▫ Ensemble forecasts of dam inflow are driven by K-DRUM.

▫ K-water are going to propose decision support system using these data.

Reservoir operation using Glosea5

GloSea5 data
Statistical 

downscaling
Rainfall-runoff model

(K-DRUM)

Decision support system using 

predicted inflow data from GloSea5

KMA K-water K-water & SNU
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• :  Modify annual rule curve!

Reservoir operation using Glosea5

1t t t tS S Q R   

5% quantile of inflow 

Calculated with historical data

5% 1(0.05)
tt Qq F  * 5% 1

| (0.05)
tt Q Gq F 

Update 5% quantile of inflow 

with ensemble forecasts 

of inflow (G)

Nov   Dec    Jab   Feb   Mar   Apr   May   Jun

Update with Glosea5S1: Normal operation level
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• How to modify 5% quantile of inflow

▫ The distribution of inflow estimated from past data is considered as prior information

▫ The 5% quantile of inflow is updated as the posterior distribution obtained by combining 

prior information and new information from esnsemble forecasts

▫ Adjustment 5% quantiles of inflow : 
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Reservoir operation using Glosea5
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• How to modify 5% quantile of inflow

▫ Distribution of “G|Q”

➢ From Stedinger and Kim (2010)

Reservoir operation using Glosea5
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Calculate from 
Glosea5 inflow data

Calculate from 
historical data
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• Application cite : Yongdam Dam

Application

< Basin of Yongdam>
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• Forecast period : November, 2014 ~ April, 2015

▫ Observed Data : 2002~ 2013 (12 years)

▫ GloSea5 Data : November, 2014 ~ April, 2015  

• Current 5% quantile of inflow vs GloSea5 inflow forecasts

Application

Month November December January February March April

5% quantile inflow (q5%)   (cms) 5 4.86 3.36 5.79 8.75 9.92

Non-exceedance probability 
of GloSea5 inflow forecasts

below q5%
0.50% 2.80% 6.36% 38.94% 24.51% 0.67%

Annual rule curve calculated from q5%

Storage curves calculated from GloSea5 inflow forecasts



12

Research Group for Climate Change Adaptation in Water Resources(CCAWR)

• Adjusting 5% quantile inflow using GloSea5 inflow data

Results
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• Adjusting annual rule curve

▫ Simply calculate with storage equation.

▫ Optimize storage curve to minimize water deficit in drawdown period. 

Results
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• Decision support system

Results

Observed data

Predicted
Glosea5 data

Fit PDF
of inflow Calculate

posterior
5% quantile inflow

Calculate
prior

5% quantile inflow

Minimizing
Water deficit

Minimizing
Water deficit

Decide
Annual rule curve

Operation

Feedback

Fit PDF
of inflow
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• Conclusion

▫ Using the Bayesian concept, we proposed a method to modify the historical 5% 

quantile of inflow with 1 year forecast data.

▫ We provide guidelines that can be applied to the  dam (reservoir) operation using  

forecast data.

• Future works

▫ Verification of this methodology with more of data.

Conclusion
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