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ABSTRACT

Since climate factors, such as precipitation, temperature, etc., show repeated patterns every year, it can be said that
future changes can be predicted by analyzing past climate data. As with groundwater, seasonal variations
predominate. Therefore, when a drought occurs, the groundwater level is also lowered. Thus, a change in the
groundwater level can represent a drought. Like precipitation, groundwater level changes also have a high correlation
with drought, so many researchers use Standard Groundwater Level Index (SGI) to which the Standard Precipitation
Index (SPI) method is applied to evaluate the severity of droughts and predict drought trends. However, due to the
strong interferences caused by the recent increase in groundwater use, it is difficult to represent the droughts of
regions or entire watersheds by only using groundwater level change data using the SPI or SGI methods, which
analyze data from one representative observation station. Therefore, if the long-term groundwater level changes of all
the provinces of a watershed are analyzed, the overall trend can be shown even if there is use interference. Thus,
future groundwater level changes and droughts can be more accurately predicted. Therefore, in this study, it was
confirmed that the groundwater level changes in the last 5 years compared with the monthly average groundwater
level changes of the monitoring wells installed before 2015 appeared similar to the drought occurrence pattern. As a
result of analyzing the correlation with the water storage yields of 3,423 agricultural reservoirs that do not
immediately open their sluice gates in the cases of droughts or floods, it was confirmed that the correlation was
higher than 56% in the natural state. Therefore, it was concluded that it is possible to re-evaluate agricultural droughts
through long-term groundwater level change analyses.
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Table 1. Status of groundwater monitoring wells and agricultural
reservoirs used for analysis

Monitoring well ~ Agricultural Reservoir

Total 162 3,423
Gyeonggi (GG) 21 172
Gangwon (GW) 23 186
Chungbuk (CB) 17 228
Chungnam (CN) 21 439
Jeonbuk (JB) 9 1,000
Jeonnam (JN) 24 669
Gyeongbuk (GB) 28 564
Gyeongnam (GN) 19 91

*Source: Korea Rural Community Corporation (2021)
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Fig. 1. Gamma frequency distribution with the parameter alpha=2 and beta=1 (McKee et al., 1993).
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Fig. 2. Example of equiprobability transformation from fitted gamma distribution to standard normal distribution (McKee et al., 1993).
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Fig. 3. Concept of SPI and Percentile: (a) Standard normal distribution with the SPI having a mean of zero and a variance of one; (b)

Percentile of SPI in normal distribution.
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Table 2. Classification and Percentile value of SPI (McKee et
al., 1993)

SPI value Classification Percentile Value
2.00< Extremely wet 0.9460
1.50 ~1.99 Very wet
1.00 ~1.49 Moderately wet 0.7580
-0.99 ~0.99 Near Normal
-1.00 ~-1.49 Moderate drought 0.242
-1.50 ~-1.99 Severe drought 0.1295
-2.00> Extreme drought 0.054

* SPI values less than zero are associated with drought
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Fig. 4. Groundwater level change graph for one monitoring well. It shows a very variety of groundwater level changes.
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Fig. 5. Example of calculating the daily and monthly average data from hourly data. It is easy to understand the groundwater level trend.
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Table 3. Reservoir storage rate by province for recent 5 years

-85 FA7 R AEIF HRE A 33

(unit : %)

Ave. Jan. Fab. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec.
Average 76.4 79.0 80.7 84.2 87.4 81.2 60.8 70.0 67.9 72.1 77.0 78.5 80.2
Gyeonggi 79.0 79.7 82.0 85.9 88.3 73.4 53.1 62.1 65.6 69.3 74.5 77.6 80.4
Gangwon 80.7 87.6 87.8 89.8 90.0 79.9 623 74.7 82.9 85.4 85.5 86.6 87.5
Chungbuk 84.2 79.9 81.6 85.2 88.5 81.8 61.3 74.5 69.0 70.1 75.8 78.2 80.8
Chungnam 874 81.5 84.1 87.6 90.6 81.5 54.8 66.7 63.2 67.7 74.6 78.9 83.3
Jeonbuk 81.2 72.4 74.4 79.4 85.3 83.9 63.9 70.2 65.7 67.8 73.1 74.3 76.0
Jeonnam 60.8 69.4 71.6 75.3 78.9 78.6 60.4 66.2 59.4 63.5 70.2 71.1 71.4
Gyeongbuk 70.0 80.8 81.9 85.0 88.5 84.0 63.8 71.8 70.6 77.0 82.1 81.7 81.9

Gyeongnam 67.9 80.9 82.0 85.5 89.3 86.2 66.8 73.8 66.6 75.6 80.1 79.7 80.0
100
80
=
€ 40
20
0
Jan. Fab. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec.
—Average —Gyeonggi Gangwon =—Chungbuk =——Chungnam
Jeonbuk  =——Jeonnam =—Gyeonghuk —Gyeongnam

Fig. 6. Monthly average reservoir storage rate graph of agricultural reservoirs. During the farming season, it is the lowest from late April

to June.

7] B A58 60% o3}, AATAE Fe7] 3
8 ARe] s0% ol8h, Ak 7] B Ak
o] 40% oJste] AFE FEIT YA, AFE 70%S X
ke A9 BARAR PEs o,

Hel 3 ATE Ao 537 A4 A48} %
A5l el Aeieel E2sh wasiEo s Hdsd]

4. oi74E}

4.1. WEe| Ch| X559 F2
AlrEele il 1ARE F71E

=5
= O

o9, 9l ASAE 1Y E BHY 9o g3

WHEshs ZAE Hol7] wiEe] AIRF

H =3}

M) Aslre] S ol o= B s HERS 3 H, g "§ﬁ%k% APgsial oAl Ay 7] 53 A

7¥ehed 288 7 UeA| ERIsE ST A @ Hghs RN el o3k Ak

Table 4. Average annual groundwater level (unit : m)
Jan. Fab. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Now. Dec.
Gyeonggi 6.08 6.15 6.13 6.04 5.82 5.76 5.54 5.38 542 5.68 597 5.94
Gangwon 5.03 5.12 5.07 4.99 4.74 470 4.50 4.40 4.47 4.73 4.99 5.11
Chungbuk 5.81 5.68 5.66 5.61 5.68 5.72 543 5.34 5.34 545 5.46 5.46
Chungnam 4.06 4.02 3.96 3.84 3.82 3.86 3.54 3.44 3.43 3.67 428 431
Jeonbuk 6.04 6.03 5.95 5.94 5.90 6.00 5.83 5.74 5.82 5.87 591 5.92
Jeonnam 5.63 5.76 5.58 5.33 5.44 4.82 5.29 5.37 5.28 5.28 491 472
Gyeongbuk 477 4.87 4.78 4.69 494 5.13 4.87 495 4.60 4.85 498 4.96
Gyeongnam 6.84 6.92 6.27 5.00 4.78 493 4.90 4.65 4.58 4.66 4.79 541
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Table 5. Groundwater level change compared with the average annual groundwater level in the last 5 years (unit : m)
Jan.  Fab. Mar. Apr. May Jun. Ju.  Aug. Sep. Oct. Nov. Dec. Max Min
Average 0.05 0.01 006 000 001 -006 0.02 -006 0.08 017 003 -0.12 0.17 -0.12
Gyeonggi -0.09 -0.12 -0.05 -0.06 -0.04 -0.08 -0.08 -0.02 -009 -0.04 -0.11 -020 -0.02 -02
Gangwon -0.01 -0.01 -0.03 0.06 0.06 0.08 0.13 0.12 0.13 0.10 0.04 0.07 0.13 -0.03
Chungbuk 0.05 000 007 -0.05 -0.07 -0.17 0.01 000 012 0.11 0.03 -005 0.12 -0.17
Chungnam 0.07 -0.02 -0.07 -0.16 -022 -022 -030 -036 -025 -0.03 0.01 -0.09 0.07 -0.36
Jeonbuk 006 008 012 020 018 015 025 0.14 026 029 018 0.04 029 0.04
Jeonnam 041 047 048 031 027 031 026 018 039 048 023 001 048 0.01
Gyeongbuk 0.00 0.00 -0.03 -0.10 0.13 -025 -0.18 -0.35 0.05 0.16 -0.10 -023 0.16 -0.35
Gyeongnam -0.11 -034 0.00 -0.18 -022 -027 0.07 -022 0.05 027 -0.06 -049 027 -049
Table 6. Years of drought in the last 10 years. Droughts occured even when there is a lot of precipitation
Year 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
IZE‘;S 1,622.6 1,479.1 1,162.9 1,173.8 949.0 1,272.5 967.8 1,386.9 1,184.3 1,588
Climate - < Drought > -
GG - GG GG GG GG GG GG
GW GW GW GW - - GW GW
CB - CB CB CB CB - -
2;?;%:;‘ ) CN - CN CN CN CN CN CN )
Area JB JB JB JB - - - -
JN JN IN - - IN IN -
GB GB GB GB - - GB -
- GN GN GN - - - -

* GG; Gyeonggi, GW; Gangwon, CB; Gangwon, CN; Chung
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Fig. 7. Comparison graph of the groundwater level change and precipitation. Areas (a), (d), (f), (g) and (h) are similar to the time of the
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Fig. 8. Comparison of the groundwater level change and reservoir storage rate graph.
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Table 7. Correlation of groundwater level change and reservoir
storage rate

Average Average .
. . . Correlation
Province groundwater agricultural reservoir .
Coefficient
level change (m)  storage rate
Gyeonggi 0.02 74.3% 55.9%
Gangwon -0.02 83.3% 18.8%
Chungbuk 0.04 77.2% 20.9%
Chungnam -0.01 76.2% 54.9%
Jeonbuk 0.00 73.9% 0.8%
Jeonnam -0.06 69.7% 58.9%
Gyeongbuk 0.02 79.1% 48.5%
Gyeongnam -0.06 78.9% 55.0%

< B5TEY FAFH vl Asle SAEe A
A AGE9] AHTAS EASEE 0.8%M =A==
58.9%7FA] UERTE 7HEel Asld A7), 2, A, A
5, gl 749 48.5~58.9%2 vHln A = A4S o
B, doidos Zert el uHd A, 55, J5,
A9l 7% 0.8~38.7%% S S BATKTable 7).
ol 7heol W= B¢ ]El—r olgo] F7ksle A
skl oY, AR g2 7Y B =2 A
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Fig. 9. Calculate the percentile of the groundwater level
difference.
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Table 8. Groundwater level change relative to the average annual groundwater level by province (unit : m)
Month AVE. GG GW CB CN JB IN GB GN
2016.01 0.00 0.03 -0.05 -0.05 0.12 0.14 0.60 -0.70 0.05
2016.02 0.03 -0.05 -0.02 -0.11 0.23 0.16 0.72 -0.71 -0.23
2016.03 0.06 0.02 0.01 0.01 0.06 0.20 0.70 -0.68 0.38
2016.04 0.05 -0.06 -0.05 0.02 0.02 0.37 0.61 -0.67 0.27
2016.05 0.19 0.14 -0.02 0.20 0.12 0.36 0.72 -0.10 -0.04
2016.06 0.04 0.02 -0.05 0.10 0.01 0.24 0.64 -0.65 -0.22
2016.07 -0.08 0.02 0.16 0.33 -0.08 0.37 0.51 -0.35 0.17
2016.08 -0.48 -0.17 -0.11 -0.09 -0.43 0.05 -0.01 -1.14 -0.31
2016.09 -0.37 -0.35 -0.07 -0.01 -0.48 0.22 -0.05 -0.53 0.19
2016.10 -0.08 -0.25 -0.03 0.18 -0.15 0.34 0.51 0.28 0.65
2016.11 -0.20 -0.36 -0.08 0.15 -0.16 0.23 0.33 0.29 0.19
2016.12 -0.09 -0.44 -0.03 0.09 -0.18 0.10 0.12 0.40 -0.14
2017.01 0.07 -0.31 0.05 0.13 0.13 0.17 0.56 -0.42 0.31

J. Soil Groundwater Environ. Vol. 26(4), p. 27~43, 2021
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Table 8. continued

Month AVE. GG GW CB CN B IN GB GN
2017.02 -0.01 -0.36 0.04 0.06 -0.14 0.14 0.62 -0.51 -0.12
2017.03 -0.05 -0.29 -0.08 0.07 -0.32 0.17 0.54 -0.65 -0.02
2017.04 -0.02 -0.23 -0.06 -0.16 -0.39 0.34 0.24 -0.32 0.05
2017.05 -0.18 -0.35 -0.12 -0.32 -0.82 0.25 -0.16 -0.18 -0.36
2017.06 -0.29 -0.45 -0.12 -0.39 -0.72 0.17 -0.23 -0.62 -0.66
2017.07 -0.13 -0.19 0.08 0.18 -0.60 0.19 -0.20 -0.41 -0.48
2017.08 0.06 -0.02 0.13 0.31 -0.45 0.18 -0.04 0.28 -0.50
2017.09 0.04 -0.11 0.01 0.10 -0.35 0.28 0.11 0.23 -0.40
2017.10 0.14 -0.07 0.04 0.07 -0.22 0.26 0.21 0.51 -0.08
2017.11 -0.05 -0.32 0.03 -0.12 -0.36 0.08 -0.09 0.29 -0.57
2017.12 -0.20 -0.41 0.01 -0.22 -0.47 -0.08 -0.35 0.14 -1.44
2018.01 -0.07 -0.26 -0.12 -0.10 -0.16 0.01 0.18 -0.18 -0.91
2018.02 -0.12 -0.29 -0.08 -0.20 -0.29 -0.05 0.18 -0.22 -1.12
2018.03 0.09 -0.14 0.03 0.07 -0.15 0.11 0.42 0.01 -0.39
2018.04 0.21 0.01 0.14 0.13 -0.10 0.32 0.39 0.14 -0.22
2018.05 0.35 0.19 0.27 0.22 0.00 0.33 0.48 0.59 -0.13
2018.06 0.22 0.08 0.18 -0.02 -0.12 0.23 0.31 0.43 -0.14
2018.07 0.18 0.09 0.19 -0.09 -0.23 0.36 0.09 0.38 -0.02
2018.08 -0.28 -0.27 0.01 -0.47 -0.73 0.08 -0.30 -0.60 -0.69
2018.09 0.21 -0.11 0.18 0.03 -0.24 0.24 0.30 0.85 0.02
2018.10 0.36 0.03 0.26 0.06 0.09 0.26 0.38 1.01 0.23
2018.11 0.36 0.05 0.29 0.13 0.15 0.23 0.16 1.14 -0.06
2018.12 0.26 0.02 0.27 0.02 0.05 0.04 0.04 0.90 -0.49
2019.01 0.14 -0.05 0.15 0.09 0.14 -0.13 0.29 0.00 -0.14
2019.02 0.14 -0.05 0.18 0.05 0.05 0.05 0.26 0.06 -0.50
2019.03 0.10 0.03 0.11 -0.02 0.00 -0.01 0.26 -0.09 -0.26
2019.04 0.01 0.00 0.14 -0.06 -0.05 -0.04 0.02 -0.15 -0.81
2019.05 0.01 -0.12 0.08 -0.21 -0.23 -0.10 -0.08 0.39 -0.44
2019.06 0.16 -0.04 0.15 0.00 -0.17 -0.05 0.25 0.53 -0.17
2019.07 0.07 -0.30 -0.01 -0.17 -0.44 -0.01 0.20 0.61 0.09
2019.08 0.13 -0.21 0.18 -0.09 -0.31 -0.20 0.29 0.81 -0.23
2019.09 0.28 -0.14 0.18 0.11 -0.21 0.05 0.56 0.93 0.06
2019.10 043 -0.03 0.06 0.23 0.04 0.26 0.67 1.27 0.41
2019.11 0.31 -0.04 0.04 0.05 -0.01 0.10 0.35 1.20 0.08
2019.12 0.19 -0.03 0.08 -0.03 -0.14 -0.05 0.12 0.73 -0.28
2020.01 0.28 0.14 -0.07 0.20 0.12 0.11 0.44 0.38 0.15
2020.02 0.31 0.14 -0.15 0.20 0.03 0.13 0.57 0.45 0.28
2020.03 0.25 0.15 -0.22 0.22 0.05 0.13 0.50 0.30 0.29
2020.04 0.06 -0.03 0.13 -0.18 -0.26 0.02 0.31 -0.18 -0.17
2020.05 0.21 -0.05 0.08 -0.24 -0.15 0.07 0.40 0.95 -0.15
2020.06 0.22 -0.01 0.21 -0.54 -0.11 0.18 0.57 0.84 -0.16
2020.07 0.36 -0.01 0.25 -0.19 -0.16 0.36 0.70 0.97 0.58
2020.08 0.67 0.57 0.38 0.33 0.12 0.58 0.96 1.18 0.62
2020.09 0.59 0.28 0.32 0.39 0.06 0.54 1.00 1.15 0.38
2020.10 0.27 0.13 0.19 0.03 0.09 0.31 0.62 0.63 0.14
2020.11 0.32 0.23 0.20 -0.04 0.02 0.26 0.48 0.85 0.06
2020.12 0.17 0.03 0.23 -0.12 -0.06 0.16 0.27 0.38 -0.12
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Fig. 10. Frequency analysis of groundwater level difference.
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Table 9. Agricultural drought classification by frequency analysis

o34l -

o]-ﬁ?—)\]-

W77

Near Normal Moderate drought Severe drought Extreme drought
Gyeonggi > -0.25 -0.32 ~-0.25 -0.36 ~-0.32 -0.36 >
Gangwon > -0.04 -0.08 ~-0.04 -0.12 ~-0.08 -0.12 >
Chungbuk > -0.11 -0.20~-0.11 -0.31~-0.11 -0.31 >
Chungnam > -0.28 -0.43 ~-0.28 -0.58 ~-0.43 -0.58 >
Jeonbuk > 0.05 -0.02 ~-0.05 -0.05 ~-0.07 -0.07 >
Jeonnam > 0.12 -0.04 ~-0.12 -0.19 ~-0.04 -0.19 >
Gyeongbuk > -0.29 -0.60 ~-0.29 -0.68 ~-0.60 -0.68 >
Gyeongnam > -0.34 -0.50 ~0.34 -0.78 ~-0.50 -0.78 >
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Table 10. Classification of the agricultural drought level using groundwater level change

GG KW CB CN JB IN GB GN
2016.01 M.Drought
2016.02
2016.03
2016.04 M.Drought
2016.05
2016.06 M.Drought E.Drought ~ M.Drought
2016.07
2016.08 S.Drought M.Drought E.Drought E.Drought
2016.09 S.Drought ~ M.Drought S.Drought E.Drought ~ M.Drought
2016.10 M.Drought
2016.11 S.Drought
2016.12 E.Drought E.Drought
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Table 10. continued
GG KW CB CN JB

Z

GB GN

2017.01 M.Drought

2017.02 M.Drought M.Drought

2017.03 M.Drought M.Drought M.Drought

2017.04 M.Drought

2017.05 M.Drought M.Drought ~ M.Drought M.Drought M.Drought
2017.06 M.Drought M.Drought  M.Drought M.Drought  M.Drought  S.Drought
2017.07 M.Drought M.Drought  M.Drought  M.Drought
2017.08 M.Drought M.Drought S.Drought
2017.09 M.Drought M.Drought
2017.10

2017.11 M.Drought M.Drought M.Drought S.Drought
2017.12 M.Drought M.Drought M.Drought  M.Drought  E.Drought
2018.01 M.Drought E.Drought
2018.02 M.Drought M.Drought E.Drought
2018.03 M.Drought
2018.04

2018.05

2018.06 M.Drought

2018.07 M.Drought

2018.08 M.Drought M.Drought  M.Drought M.Drought  M.Drought  S.Drought
2018.09

2018.10

2018.11

2018.12 M.Drought  M.Drought
2019.01

2019.02 M.Drought

2019.03

2019.04

2019.05

2019.06

2019.07 M.Drought

2019.08

2019.09

2019.10

2019.11

2019.12

2020.01

2020.02

2020.03

2020.04 M.Drought M.Drought

2020.05

2020.06 M.Drought M.Drought

2020.07

2020.08

2020.09

2020.10

2020.11

2020.12
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Fig. 11. Comparison graph of groundwater level changes of province.
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