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Abstract

This study analyzed the peak time of drought severity and drought period using meteorological and hydrological drought indices.
Standardized Precipitation Index (SPI) using rainfall data was used for meteorological drought and Streamflow Drought Index (SDI) and
Standardized Streamflow Index (SSI) using streamflow data were used for the hydrological drought. This study was applied to the
Cheongmicheon watershed which is a mixture area for rural and urban regions. The rainfall data period used in this study is 32.5 years
(January of 1985~June 0f2017) and the corresponding streamflow was simulated using SWAT. After the drought indices were calculated
using the collected data, the characteristics of drought were analyzed by time series distribution of the calculated drought indices. Based
on the results of the this study, it can be seen that hydrological drought occurs after meteorological drought. The difference between SDI
and SPI peak occurrence time, difference in drought start date and average drought duration is greater than SSI and SPI. In general, SSI
shows more severe than SDI. Therefore, various drought indices should be used at the identification of drought characteristics.
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Fig. 1. Description of Chungmicheon watershed including DEM,
weather station and stream network
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Fig. 2. Time series of annual precipitation and average annual
precipitation (1985~2017)

Table 1. Three most severe drought events based on SPI, SDI and SSI
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1 01-06-17 -4.58 01-06-17 -4.41 01-06-16 -3.06 01-06-17 -2.92

SPI 2 00-03-25 -4.30 00-04-18 -3.61 00-05-18 -2.91 00-06-20 -2.58
3 17-06-18 -3.43 17-06-20 -2.81 17-06-30 -2.69 17-06-20 -2.57

1 15-11-24 -1.91 89-01-16 -2.10 15-10-31 -1.95 15-11-24 -1.91
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00-05-06 -2.80 17-06-20 -2.57 01-06-29 -1.91 15-11-06 -1.83
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Fig. 3. Annual minimum values of SPI, SDI and SSlin the Cheongmi-
cheon watershed
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Table 2= AHRt 7Ha A7) A& A - At 247171909 €] 73-¢-SDI 7|=0 &2 9H O] 7ho] 'IAst
Table 2. Correlation coefficients among all drought indices
Index SPI60 | SPI90 | SP 180 | SPI270 | SSI60 | SSI90 | SSI180 | SS1270 | SDI60 | SDI90 | SDI 180 | SDI 270
SPI 60 - 0.75 0.50 0.32 0.77 0.56 0.50 0.23 0.74 0.54 0.30 0.24
SPI 90 - 0.65 0.39 0.83 0.78 0.65 0.32 0.81 0.76 0.43 0.32
SPI 180 - 0.64 0.73 0.81 0.85 0.58 0.71 0.80 0.83 0.57
SP1270 - 0.49 0.55 0.64 0.95 0.48 0.55 0.82 0.93
SSI 60 - 0.92 0.73 0.43 0.98 0.91 0.58 0.43
SSI 90 - 0.81 0.50 0.91 0.98 0.71 0.50
SSI 180 - 0.58 0.71 0.80 0.83 0.57
SS1270 - 0.42 0.50 0.77 0.99
SDI 60 - 0.92 0.59 0.44
SDI 90 - 0.72 0.51
SDI 180 - 0.79
SDI 270 -
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Table 3. Results of drought periods and peak time from SPI, SDI and SSI

SPI (yy-mm-dd)

SDI (yy-mm-dd)

SSI (yy-mm-dd)

No. Period . Period . Period .
Start ‘ = Peak time Start ‘ —_— Peak time Start ‘ = Peak time
Duration - 60 days
1 88-05-13 88-05-30 88-05-20 88-04-25 88-07-08 88-05-28
2 88-09-17 89-01-06 88-11-12 88-12-12 89-03-02 89-02-23 88-10-22 89-02-02 89-01-04
3 95-06-20 95-07-09 95-06-30 95-06-20 95-07-09 95-07-07
4 97-10-03 97-11-11 97-10-03 97-10-08 97-12-11 97-11-24
5 99-01-08 99-03-17 99-03-12 99-02-15 99-03-18 99-03-13
6 00-03-06 00-06-23 00-03-25 00-05-13 00-07-21 00-06-21 00-03-23 00-07-21 00-05-06
7 01-04-20 01-06-28 01-06-17 01-04-28 01-06-29 01-06-17
8 01-12-08 02-01-14 01-12-11 01-12-08 02-01-26 02-01-14
9 07-01-26 07-02-01 07-01-28 07-02-06 07-04-01 07-03-03 06-12-02 07-02-28 07-01-28
10 14-04-02 14-04-27 14-04-26 14-04-09 14-06-02 14-04-26
11 14-06-29 14-09-12 14-07-11 14-06-29 15-01-11 14-07-25 14-06-29 14-10-20 14-08-09
12 15-06-30 15-10-28 15-09-24 15-07-16 16-02-03 15-11-24 15-07-05 15-12-05 15-10-25
13 16-08-03 16-10-10 16-09-14 16-08-21 17-02-28 16-12-08 16-08-11 16-12-21 16-09-21
14 17-04-23 17-06-30 17-06-18 17-05-21 17-06-30 17-06-20 17-05-03 17-06-30 17-06-23
Duration - 90 days
1 88-10-12 89-01-10 88-10-21 88-10-18 89-02-26 89-01-16 88-10-20 89-02-25 89-01-19
2 00-04-01 00-07-21 00-04-18 00-04-10 00-07-21 00-06-20 00-04-10 00-07-21 00-05-25
3 01-04-21 01-06-29 01-06-17 01-05-19 01-07-26 01-06-17 01-05-19 01-07-23 01-06-17
4 02-01-07 02-01-16 02-01-13 01-12-19 02-02-17 02-01-14
5 06-11-07 06-12-16 06-11-25 06-12-19 07-02-28 07-02-09 06-12-20 07-03-11 07-02-09
6 14-05-02 14-10-14 14-07-30 14-05-02 14-11-12 14-09-24 14-05-02 14-11-09 14-09-02
7 15-07-03 15-11-12 15-09-24 15-07-15 15-12-27 15-10-25 15-07-14 15-12-24 15-11-01
8 16-08-01 16-11-07 16-10-04 16-08-09 17-01-15 16-10-16 16-08-16 17-01-11 16-10-16
9 17-04-28 17-06-30 17-06-20 17-05-13 17-06-30 17-06-20 17-05-14 17-06-30 17-06-20
Duration - 120 days
1 88-11-11 89-01-19 88-11-20 88-11-17 89-02-28 89-02-09 88-11-17 89-03-02 89-02-09
2 00-04-01 00-06-28 00-05-18 00-05-04 00-07-21 00-06-22 00-05-04 00-07-21 00-05-26
3 01-05-07 01-06-16 01-06-16 01-05-20 01-07-29 01-06-28 01-05-20 01-06-16 01-06-16
4 01-06-29 01-07-23 01-06-29 01-06-29 01-07-28 01-06-29
5 06-11-25 07-01-27 06-11-26 07-01-09 07-02-28 07-02-12 07-01-13 07-03-28 07-03-03
6 14-06-01 14-11-10 14-07-22 14-06-01 14-12-12 14-07-25 14-06-29 14-12-08 14-07-25
7 15-07-10 15-12-01 15-10-25 15-07-16 16-01-13 15-10-31 15-07-18 16-01-12 15-10-26
8 16-08-06 16-12-13 16-11-03 16-08-18 17-02-05 16-11-08 16-08-21 17-02-01 16-11-13
9 17-04-21 17-06-30 17-06-30 17-05-19 17-06-30 17-06-23 17-05-24 17-06-30 17-06-30
Duration - 150 days
1 88-04-22 88-07-08 88-05-29 88-04-25 88-07-08 88-05-28 88-04-25 88-07-08 88-05-30
2 88-12-10 89-02-24 88-12-20 88-12-12 89-03-02 89-02-23 88-12-16 89-03-02 89-02-23
3 00-03-29 00-07-21 00-06-20 00-05-13 00-07-21 00-06-21 00-05-15 00-07-21 00-06-21
4 01-05-10 01-06-29 01-06-17 01-06-05 01-06-29 01-06-17
5 06-12-25 07-02-26 06-12-26 07-02-06 07-04-01 07-03-03
6 14-06-29 14-12-11 14-07-22 14-06-29 15-01-11 14-07-25 14-06-29 15-01-03 14-07-25
7 15-07-09 15-12-12 15-09-29 15-07-16 16-02-03 15-11-24 15-07-17 16-02-02 15-11-06
8 16-08-03 17-01-03 16-12-08 16-08-21 17-02-28 16-12-08 16-08-27 17-02-27 16-12-08
9 17-05-18 17-06-30 17-06-20 17-05-21 17-06-30 17-06-20 17-05-22 17-06-30 17-06-30




Table 4. Time differences of peak and starting dates of severe drought
events between meteorological and hydrological indices
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No. of SDI SSI
Event Peak ‘ Start Peak | Start
Duration - 60 days
1 8 -18
2 103 86 53 35
3 7 0
4 52 5
5 1 38
6 88 68 42 17
7 0 8
8 34 0
9 34 11 0 -55
10 0 7
11 14 0 29 0
12 61 16 31
13 85 18 7
14 2 28 5 10
Average 49.38 26.13 20.08 6.00
Duration - 90 days
1 87 6 90 8
2 63 9 37 9
3 0 28 0 28
4 -19
5 76 42 76 43
6 56 0 34 0
7 31 12 38 11
8 12 8 12 15
9 0 15 0 16
Average 36.22 11.22 35.88 16.25
Duration - 120 days
1 81 6 81 6
2 35 33 8 33
3 12 13 13
4 0 0
5 78 45 97 49
6 3 0 3 28
7 6 6 1 8
8 5 12 10 15
9 -7 28 0 33
Average 26.63 17.88 22.22 20.56
Duration - 150 days
1 -1 3 1 3
2 65 65 6
3 1 45 1 47
4 0 26
5 67 43
6 3 0 3
7 56 7 38
8 0 18 0 24
9 0 3 10 4
Average 23.88 15.13 14.75 14.75
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