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Relationship Between Standardized Precipitation Index and Groundwater
Levels: A Proposal for Establishment of Drought Index Wells
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ABSTRACT

Drought indices, such as PDSI (Palmer Drought Severity Index), SWSI (Surface Water Supply Index) and SPI
(Standardized Precipitation Index), have been developed to assess and forecast an intensity of drought. To find the
applicability of groundwater level data to a drought assessment, a correlation analysis between SPI and groundwater levels
was conducted for each time series at a drought season in 2001. The comparative results between SPI and groundwater
levels of shallow wells of three national groundwater monitoring stations, Chungju Gageum, Yangpyung Gaegun, and
Yeongju Munjeong, show that these two factors are highly correlated. In case of SPI with a duration of 1 month, cross-
correlation coefficients between two factors are 0.843 at Chungju Gageum, 0.825 at Yangpyung Gaegun, and 0.737 at
Yeongju Munjeong. The time lag between peak values of two factors is nearly zero in case of SPI with a duration of 1
month, which means that groundwater level fluctuation is similar to SPI values. Moreover, in case of SPI with a duration
of 3 month, it is found that groundwater level can be a leading indicator to predict the SPI values 1 week later. Some of
the national groundwater monitoring stations can be designated as DIW (Drought Index Well) based on the detailed survey
of site characteristics and also new DIWSs need to be drilled to assess and forecast the drought in this country.
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Table 1. SPI (Standardized precipitation index) values

Range of SPI Wetted condition
>2.00 Extremely Wet (Extremely flood)
1.50~1.99 Very Wet (Very strong flood)
1.00~1.49 Moderately Wet (Moderate flood)
-0.99 ~ 0.99 Near Normal (Normal climate)
-1.00~-1.49 Moderately Dry (Moderate drought)
-1.50 ~-1.99 Severe Dry (Severe drought)
<-2.00 Extremely Dry (Extreme drought)

Table 2. Meteorological observation data used for SPI analysis

Location of weather station ~ Chungju, Yangpyung, Yeongju

Data Daily rainfall

Periods of analyzed data from 1973 to 2001
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Table 3. Rainfalls of the year of 2001 compared with average
rainfalls at three weather stations

Location Jan.~Feb. March~May
Chungju 218% 12%
Yangpyung 156% 19%
Yeongju 182% 20%

22. BEYTRT BY 2
EEFFAGE Sl & & ghFo] BAue EE
315t Agg Dahed Folzl LTI viE 24 €

Free] SERIENE T dx €9 HEEd @
T Y ol AT AEbe] Y TAYgES 7
o723 APE 4 Qo WA 2 AHE wihd 384 6
YR FRLER ol FFAET AGS AL o
& B9, 3¢ 7¢ 7IEHAM AETIRY 17, URE 2 3
Nl thate] BAATRRE 8k wid AAES F
el FERFHL Pearson Type-R¥E A3l &
VS EREH(PWME o83l wi/idsE gl
o 2tk 2 A B Ui FRHEERS Al
o 19 ke FFFTEEY 73S ke o)A
o] HiZ EFAFAIT7E "ot ol AlktE Zo= Table
49} 2ot A&7 VREe) SR 2shd -1 9]
31 s Hole 7HES 3¥ SeNE AIREC 68 F
A AGENeH, Y FFFAE] e 42 3
SHE 68 7 7HEC) UERG 2o BN

3. ZELTATLY X5l ool o2y

3.1. X|82l Xt2

20043T A DHERFH F S d A M
ol 2937048} FTRABITASAE AAsl 9 Tl 3
o} durAo B AEE BEAE AR oF 70 me] ¢
gt Aele A2 F 1020 m A= FHF Ak
BERo= A= YL, v 6AIZE Tt AFEEE] 9
g A5E ANEE Ut ASYELS A, Ak
FE, A7IHAEE FogA BSH AR= FF2 Data
loggerdll A&H & Modem == CDMA H12d)] 2]3}
7R B BAE] (www.GIMS.go.kr) AHE A5 A
Hu YTHKim, 2005).

B AFodE 7HEe] A AIF 37 Y] A
34 A2 ARBAL J= N =F7IRsle BEA0)
FHT Al BEY AFE A0 B-E3)rK(Table 5,

Journal of KoSSGE Vol. 11, No. 3, pp. 31~42, 2006



34 A4 -

Mo
ol

- Aoz

Table 4. Results of SPI values from 1 March to 30 June for three weather stations

b I Week SPI 1 Month SPI 3 Month SPI
ate
Chungju  Yangpyung  Yeongju Chungju  Yangpyung  Yeongju Chungju  Yangpyung  Yeongju
7/3 -0.06 0.45 0.20 0.85 0.88 0.85 - - -
14/3 -0.66 -0.81 -0.46 0.55 0.77 0.89 - - -
21/3 -1.30 -0.76 -1.10 0.56 -0.07 0.65 - - -
3173 -0.82 —0.44 -0.63 -1.59 -1.34 -1.34 - - -
7/4 -0.73 —0.88 -0.72 -177 -1.53 -1.81 -0.53 -0.41 -0.41
14/4 0.11 0.26 0.01 -1.42 —-0.86 —0.94 -0.63 -0.43 -0.45
21/4 -1.32 -0.98 -1.23 -1.45 -1.05 -1.29 -1.05 -0.77 —0.89 .
30/4 -1.17 -1.38 -1.33 ~-1.49 -1.40 -1.46 -1.24 -1.04 -1.09
7/5 -0.95 -0.24 —-0.46 -1.73 -1.12 -1.50 -145 -1.15 -1.25
14/5 -1.16 -1.30 -1.24 -2.01 -2.14 =231 -1.52 -1.32 -1.36
21/5 -1.30 -1.18 -1.52 ~-1.91 ~1.70 -1.74 -1.84 -1.85 -1.50
31/5 -0.59 -0.42 -0.61 -2.07 -2.00 -1.87 -2.52 -2.36 -2.29
7/6 -1.27 -0.75 -1.11 ~1.84 -2.16 -1.86 -2.16 -1.95 -2.09
14/6 —-0.87 -0.95 -0.11 -2.05 -2.00 -1.87 -2.37 -2.14 -2.11
21/6 1.16 0.91 1.46 0.14 —0.40 0.23 -1.67 -1.91 -1.40
30/6 1.09 0.83 0.93 0.95 0.61 0.94 -0.28 -0.87 -0.51
Table 5. Groundwater monitoring stations used in this study
Monitoring stations Chungju, Yangpyung, Yeongju -
Data Daily groundwater levels
Periods March~June, 2001 0 Bk
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Fig. 1. Location of three groundwater monitoring stations and a
distribution of drought in May, 2001.
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Fig. 2. Groundwater level time series in 2001 (from January to
July) and average water levels.
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Table 6. Pearson correlations between SPI values and groundwater levels from March to June

) 1 Week SPI 1 Month SPI 3 Month SPI

Sie P Sig. level P Sig. level P Sig. level
Chungju 0.750 0.01 0.771 0.00 0.292 0.36
Yangpyung 0.533 0.03 0.814 0.00 0.309 0.33
Yeongju 0.581 0.02 0.791 0.00 0.725 0.01
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Fig. 4. Example of the cross-correlation plots between SPI values and groundwater levels.
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Table 7. Cross-correlations between SPI values and groundwater levels
. 1 Week SPI 1 Month SPI 3 Month SPI
Site
Cross Corr. Coef. lag K Cross Corr. Coef. lag K  Cross Corr. Coef. lag K Leading indicator
Chungju 0.480 0 0.843 0 0.753 1 week Level
Yangpyung 0.419 0 0.825 0 0.731 1 week Level
Yeongju 0.537 0 0.737 0 0.707 1 week Level
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Fig. 5. Trends of groundwater levels and SPI values from 1 March to 15 April in 2001.
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c) Yeongju
O Model summary @ Coefficients
Adjusted K Unstandardized .
R Square S Contents Coefficients t Sig.
quare B Std. Error
Constant 130.0 0.009 14,737.1 0.000
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Fig. 6. Linear regression analysis between groundwater level time series and monitoring days from 1 March to 15 April in 2001.
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