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ABSTRACT 
 

Agricultural reservoirs are principal water resource for paddy field irrigation in Korea, 
and a carry-over storage estimation of reservoir is important for irrigation during the 
next season. The aim of this study is to evaluate the impacts of the probability of 
carry-over storage in agricultural reservoirs during non-irrigation season on water 
supply at the next irrigation season. A linear regression analysis was conducted to 
obtain relational functions between two variables including cumulative precipitation in 
non-irrigation period and reservoir storage variation with the reservoir operation data 
from 2001 to 2010, and reservoir storage at the irrigation start day (1st April) was 
calculated with the function obtained. To evaluate the probability of the reservoir 
storages at the first day of irrigation on 1st April, last day of reservoir storages were 
assumed to fifty, sixty, seventy and eighty percent of the full storage as the initial 
condition, and the cumulative precipitation data during non-irrigated season for the 
analysis were collected for thirty years from1985 to 2014. With the reservoir storage 
data obtained, frequency analysis was conducted in order to analyze probability of 
filling 90 percent of reservoir storage at irrigation starting day. From the results, 
probability of higher initial reservoir storage for irrigation starting date is depended on 
the storage condition of the first day of non-irrigation season, even though it is 
indicated that probability of filling 90 percent of reservoir capacity at irrigation starting 
day is varied. The result of this study is expected to be used as a guideline for off-
season reservoir storage management considering probability of storage variation. 
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1. INTRODUCTION 
 
Water from a total of 17,427 agricultural reservoirs are being used for irrigating paddy 
fields in Korea. The area of irrigated paddy from the reservoirs is around 964,000 
hectares, which is 58.8% of total irrigated paddy. Due to uneven rainfall distribution 
about the seasons, sixty percent of annual rainfall occurs from June to September 
when the paddy fields are irrigated during April to September (Qian, 2002). Therefore, 
the reservoirs fill their storages during the rainy season, and are quite vulnerable to 
rainfall shortage during the wet season because the reservoirs cannot secure 
irrigation storage for next cropping season in consecutive year. Accordingly, storing 
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water from the watershed during the non-irrigation period, October to March, affects 
to next year irrigation security. 
 
Therefore, in this study, we analysed the probability of carry-over storage of reservoir 
from non-irrigation season to irrigation season. Regression analysis was conducted to 
identify relationship between precipitation and reservoir storage in the period of non-
irrigation; October to March. Additionally, frequency analysis was performed to 
calculated probability of filling 90 percent of reservoir capacity at the first day of 
irrigation based on regression analysis. 
 

2. DATA AND METHODS 
 
2.1  Site description 

 
Eight enlarged agricultural reservoirs were selected to analyse probability of reservoir 
storage at the first day of irrigation. Reservoirs are evenly distributed on territory of 
South Korea. Figure 1 shows locations and Table 1 indicates properties of study 
reservoirs. 
 

 

Figure 1. Locations of study reservoirs 
 

Table 1. Properties of study reservoirs 
 

 

Name 
Latitude Longitude 

Capacity 

(1,000m3) 

Watershedarea 

(ha) 

Irrigated area 

(ha) 

Gal-Pyeong 36°27’8’’ 127°50’14’’ 2,057 743 120.5 

Gae-Un 37°39’5’’ 127°57’7’’ 1,679 474 102.8 

Gye-Ryong 36°21’29’’ 127°9’10’’ 4,717 1,574 450.2 

Gwang-Hye 37°23’’ 127°25’42’’ 4,196 1,040 446 

Gu-Cheon 35°50’37’’ 128°42’51’’ 3,455 1,692 123.1 

Do-Rim 36°22’55’’ 126°55’9’’ 3,829 650 482 

Jang-Chan 36°13’57’’ 127°42’29’’ 5,389 3,547 474 

Han-Gye 36°36’14’’ 127°33’34’’ 1,567 545 160 
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2.2 Regression model 

 
Regression was conducted in order to analyse the relationship between precipitation 
and variance of reservoir storage in non-irrigation period. Observed precipitation data 
were collected from KMA (Korea Meteorological Administration) and water level data 
of reservoir from KRC (Korea Rural Community Corporation) from 2001 to 2010. 
 
Linear regression is an approach of modelling the relationship between an expected 
value of dependent variable y and one or more explanatory variables x followed by 
equation (1). 
 
yi = 𝑏 + 𝑎𝑥𝑖 + 𝜖𝑖,   eq. (1) 
 
Where parameter a is regression coefficient and b is intercept.ϵi is error term and 
assumed as zero to simplify calculation. In this study, independent variable is 
reservoir storage difference during non-irrigation period and dependent variable is 
summation of precipitation in the same period. 
 
2.3 Probability analysis 
 
Generally, uncertainty stands for occurrence probability of exception (Mays and Tung, 
1992). Hydrologic decision making was conventionally supported by the most 
probable scenario and calculation when uncertainty considered to be little (Nam et al., 
2014). But it is recommended to set up flexible system able to cope with variable 
elements which are vulnerable to uncertainty. In this study, probability of reservoir 
storage rate at the first day of irrigation being 90 percent was calculated. Thirty-year 
precipitation data (1985 ~ 2014) were used to perform frequency analysis. Gumbel 
distribution was applied for the data and parameters were obtained using method of 
moment because it is generally used for hydrological extreme dataset (Haan, 2002). 
 

3. RESULTS AND DISCUSSION 
 
3.1  Regression model for precipitation and variance of reservoir storage 
 
Figure 2 shows results of regression model of study reservoirs. Coefficients of 
determination were greater than 0.5 in all reservoirs, which means there exists 
significant relationship between two variables. Intercept was negative value in all 
reservoirs but coefficient of regression had variation from 1 to 5.8. These parameters 
were different because each reservoir has different attribute such as catchment area 
and irrigated area. 
 

  
Gal-Pyeong Gae-Un 
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Gye-Ryong Gwang-Hye 

  
Gu-Cheon Do-Rim 

  
Jang-Chan Han-Gye 

Figure 2. Regression model of study reservoirs 
 
3.2 Probability analysis for reservoir storage at the first day of irrigation 
 
In order to evaluate the impacts of carry-over in agricultural reservoirs on water 
supply during non-irrigation period, probability analysis was conducted. Figure 3 
represents PDF (probability density function) of study reservoirs. X-axis represents 
rate of reservoir storage at the first day of irrigation and Y-axis is value of probability 
density. Line types indicate different reservoir storage rate at first day of non-irrigation 
season last year (October 1st), which means initial rate of reservoir storage. 
 
In all PDF, expected probability of each reservoir increases as reservoir storage rate 
at first day of non-irrigation season increases. Therefore, it is clear that probability of 
filling 90 percent of reservoir at irrigation starting day increases as initial rate of 
reservoir increases, as Table 3 represented. 
 

  
Gal-Pyeong Gae-Un 
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Gye-Ryong Gwang-Hye 

  
Gu-Cheon Do-Rim 

  
Jang-Chan Han-Gye 

 
X-axis : Probability density         Y-axis : Reservoir rate at irrigation starting time 

Figure 3. PDF curve of reservoir storage rate at irrigation startiing time 
 
 

Table 2. Probability of filling 90 percent of reservoir storage at irrigation time 
 

Reservoir 
Reservoir storage rate at irrigation ending time (initial rate) 

50% 60% 70% 80% 

Gal-Pyeong 0.01% 0.03% 0.15% 0.64% 

Gae-Un 11.44% 20.63% 37.18% 61.85% 

Gye-Ryong 17.43% 36.08% 59.70% 91.42% 

Gwang-Hye 6.62% 17.60% 37.80% 77.23% 

Gu-Cheon 5.67% 11.16% 19.31% 33.80% 

Do-Rim 0.00% 0.00% 0.00% 0.01% 

Jang-Chan 16.16% 35.04% 62.44% 93.60% 

Han-Gye 3.23% 12.18% 40.13% 86.48% 

 
 

4. CONCLUSIONS 
 
This study demonstrated that the reservoir storage filling probability at the first day of 
irrigation varies about the reservoirs in terms of effective storage, watershed 
conditions and irrigation areas. Nevertheless, higher initial storage rate at the end of 
irrigation period as an initial condition showed higher storage rate at the beginning of 
irrigation period in next irrigation season. Gal-Pyeong and Do-Rim reservoirs had low 
possibility of being greater than 90 percent for next season storage rate with initial 
rate of 50 percent to 80 percent. Gye-Ryong and Jang-Chan reservoirs showed a 
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large range of the probability distribution because those have high coefficients of 
regression. 
 
Most studies assume that reservoir storage at irrigation starting time to be full. 
However, this assumption is not proper to analyse operation of agricultural reservoir 
in reality. The rate of reservoir storage at irrigation starting time can be various 
according to different reservoir storage rate at the first day of non-irrigation period. 
Thus, in order to cope with uncertain future drought, it is considered important to store 
precipitation during non-irrigation period. 
 

ACKNOWLEDGEMENTS 
 

This work was funded by the Weather Information Service Engine Program of the Korea Meteorological 
Administration under Grant KMIPA-2012-0001. 

 

REFERENCES 

 

Haan, C., T., 2002, Statistical methods in hydrology, Iowa State Press, 2121 State Avenue, Ames, Iowa 
50014. 

Mays, L. W., and Y. K. Tung, 1992, Hydrosystems engineering and management, McGraw-Hill, New York. 

Nam, W. H., Hong, E. M., Choi, J. Y., 2014, Uncertainty of Water Supply in Agricultural Reservoirs 
Considering the Climate Change, Journal of the Korean Society of Agricultural Engineers, Vol. 56, 
No. 2, 115-126. 

Qian, W., Kang, H. S., Lee, D. K., 2002, Distribution of seasonal rainfall in the East Asian monsoon region, 
Theoretical and Applied Climatology, Vol. 73, No. 3, 151-168. 

 


