/—J J. Korea Water Resour. Assoc. Vol. 53, No. 5 (2020), pp. 337-345 pISSN 1226-6280
@ doi: 10.3741/JKWRA.2020.53.5.337 eISSN 2287-6138

Analysis of groundwater level variability in the middle mountain area of Pyoseon
watershed in Jeju Island using normalized standard deviation and cross correlation
coefficient

Shin, Mun-Ju®* - Moon, Soo-Hyoung® - Moon, Duk Chul

"Researcher, Water Resources Research Team, Jeju Province Development Corporation, Jeju, Korea
®Principal researcher, Water Resources Research Team, Jeju Province Development Corporation, Jeju, Korea
‘Researcher, Water Resources Research Team, Jeju Province Development Corporation, Jeju, Korea

Paper number: 20-016
Received: 24 February 2020; Revised: 24 March 2020; Accepted: 24 March 2020

Abstract

In order to provide information for proper management of groundwater resources, an analysis of the eftects of precipitation and groundwater withdrawal
on groundwater levels is needed. In this study, we analyzed the correlation of precipitation-groundwater level and groundwater withdrawal-groundwater
level using time series data converted by normalized standard deviation (Nor.St. Dev) and cross correlation coefficient (CCC) for nine groundwater
monitoring wells in the middle mountainous area in the southeastern Jeju Island. First, the CCCs of precipitation-groundwater level were estimated using
daily time series data, and the low CCCs of up to 0.3 were obtained. However, the result of using the Nor.St. Dev showed a clearer correlation by obtaining
a CCC of up to 0.8. In addition, in most cases, precipitation variability and groundwater level variability had positive CCCs, whereas groundwater
withdrawal variability and groundwater level variability had negative CCCs. Therefore, the groundwater level in this study area was largely influenced by
precipitation with little effect of groundwater withdrawal. Lastly, as a result of analyzing the relative effects of Seongpanak and Gyorae rainfall station on
the groundwater level, the rainfall at the relatively downstream Gyorae rainfall station has more influence. The analysis method used in this study can be
easily used for analyzing the effects of precipitation and groundwater withdrawal on groundwater level variability in other regions in the future.

Keywords: Normalized standard deviation, Cross correlation coefficient, Groundwater level variability, Precipitation effect, Pyoseon watershed in Jeju
Island
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Table 1. Period of rainfall station, pumping well and monitoring well data
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Classification Station name Data period Remarks

Seongpanak 1992.01.01.~2019. 10. 31.

Rainfall station Precipitation (mm/day)
Gyorae 1992.01.01.~2019. 10. 31.

) PWI 2001.01.01.~2019. 10. 31. . 5

Pumping wel PW2 2013.07.31.~2019. 10. 31. Pumping rate (m /day)
MW11 2001.02.11.~2019. 10. 31.
MW12 2001.02.11.~2019. 10. 31.
MW13 2001.02. 11.~2019. 10. 31.
MW14 2004. 10. 10. ~2019. 10. 31.

Monitoring well MWI5 2004. 10. 10. ~2019. 10. 31. Groundwater level (m)
MW21 2012. 03. 13.~2019. 10. 31.
MW22 2012.03.17.~2019. 10. 31.
MW23 2012.03.19.~2019. 10. 31.
MW24 2012. 03. 14. ~2019. 10. 31.

MW24  MW21 MW11
g g MW15 MW12
O A ® a°
Seongpanak PW2 PW1 Gyorae
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Fig. 1. Schematic diagram of positions of monitoring wells, rainfall stations and pumping wells
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Daily precipitation
(period: 1992.01.01 - 2019.10.31)

Table 2. Normalized standard deviation of groundwater level,
precipitation, and pumping rate by year
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Fig. 3. Comparison of precipitation in Seongpanak and Gyorae
rainfall stations
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Year MWI11 Seor'lg.pagak PWI
(groundwater level)| (precipitation) | (pumping rate)
2001 0.080 0.048 0.035
2002 0.151 0.093 0.068
2003 0.124 0.071 0.080
2004 0.189 0.074 0.109
2005 0.044 0.051 0.102
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Fig. 4. Cross correlation coefficients for optimal delay time between daily precipitation and monitoring well groundwater level time series
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Fig. 5. Cross correlation coefficients between annual time series of normalized standard deviation of precipitation, pumping rate of pumping
well 1, and groundwater level
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