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Abstract

This study selected major drought events that occurred in the Jeonnam region from 1991 to 2023, examining both meteorological and
hydrological drought occurrence mechanisms. The daily drought index was calculated using rainfall and dam storage as input data, and
the drought propagation characteristics from meteorological drought to hydrological drought were analyzed. The characteristics of the
2022-23 drought, which recently occurred in the Jeonnam region and caused serious damage, were evaluated. Compared to historical
droughts, the duration of the hydrological drought for 2022-2023 lasted 334 days, the second longest after 2017-2018, the drought
severity was evaluated as the most severe at -1.76. As a result of a linked analysis of SPI (StandQardized Precipitation Index), and SRSI
(Standardized Reservoir Storage Index), it is possible to suggest a proactive utilization for SPI(6) to respond to hydrological drought.
Furthermore, by confirming the similarity between SRSI and SPI(12) in long-term drought monitoring, the applicability of SPI(12) to
hydrological drought monitoring in ungauged basins was also confirmed. Through this study, it was confirmed that the long-term
dryness that occurs during the summer rainy season can transition into a serious level of hydrological drought. Therefore, for preemptive
drought response, it is necessary to use real-time monitoring results of various drought indices and understand the propagation
phenomenon from meteorological-agricultural-hydrological drought to secure a sufficient drought response period.

Keywords: Drought Propagation, Meteorological Drought, Standardized Precipitation Index, Standardized Reservoir Supply Index,
Hydrological drought
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Table 2. Summary of drought characteristic based SRSI and SPI(12)
Julian Date of Duration | Magnitude | Severity Julian Date of Duration| Diff O | Diff T |Diff Dur
Year SRSI Drought Events | (day) SPI(12) Drought Events (day) (day)
Onset @ |Termination®| @ Onset @ |Termination ®| ® 0-® | 0-0| 8-
1996~1997|1996.237 | 1997.146 | 275(5) | -357.6 (5) | -1.3 (6) | 1996.237 1997.176 305 (2) 0 -30 -30
2001~2002|2001.272| 2002.227 | 321 (2) | -538.3 (3) |-1.68 (3) Dry Condition - - - -
2005~20062005.255| 2006.173 | 288 (4) | -405.6 (4) |-1.41 (4)| 2005.261 2006.125 230 (4) -6 48 58
2008~2009{2008.253 | 2009.210 | 318 (3) | -542.5(2) |-1.71 (2)| 2008.258 2009.191 299 (3) -5 19 19
2015~2016|2015.201| 2016.058 | 223 (6) | -317.2(6) |-1.39 (5) Dry Condition - ] ] ]
2017~2018|2017.196 | 2018.159 | 353 (1) | -596.7 (1) |-1.71 (1)| 2017.173 2018.242 435 (1) 23 -83 -82
Ave. 2323 183.5 308.5 -475.6 -1.53 236.5 172.0 317.3 4.0 -11.8 -8.8

() : Rank of Risk, Diff O (Lag) = Drought Onset of SRSI - SPI(12), Diff T (Lengthening) = Drought Termination of SRSI - SPI(12)
Diff Dur (Attenuation) = Drought Duration of SRSI - SPI(12), Ave. = Average of Factors (1996~1997, 2005~2006, 2008~2009, 2017~2018)
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Table 3. Summary of Drought Characteristic based Meteorological Indices (SPI(6) & (12))

A7t 69 2] 7
010 2015~2016F

Date of @ @ ® Date of @ @ ©) Rank of

SPI(6) Drought Events | Duration | Magnitude| Severity | SPI(12) Drought Events | Duration |Magnitude| Severity | Diff. | Ave. (D ~®)

Onset  |Termination| (day) Onset  |Termination| (day) SPI(6) | SPI(12)
1992.06.25 | 1992.12.19 | 178 (4) |-242.4(5)|-1.36 (4)| 1992.07.31 | 1993.07.25 | 360 (3) |-467.5(4)|-1.30(3)| 36 4 4
1994.05.05 | 1994.11.16 | 196 (3) |-293.8 (4)|-1.50 (3)| 1994.07.12 | 1996.06.23 | 712 (1) |-760.8 (1) [-1.07 (4)| 68 3 1
1996.09.17 | 1997.02.07 | 144 (6) |-140.2 (3)|-0.97 (6)| 1996.08.25 | 1997.06.25 | 305 (4) |-263.3 (5)[-0.86 (6)| -23 5 5
2005.10.16 | 2006.04.03 | 170 (5) |-220.2 (6)|-1.30 (5)| 2005.09.18 | 2006.05.05 | 230 (6) |-245.2(6) [-1.07 (4)| -28 6 6
2008.08.28 | 2009.05.15 | 261 (2) [-427.0 (2)|-1.64 (1)| 2008.09.15 | 2009.07.10 | 299 (5) |-500.3 (3) |-1.67 (1)| 18 2 3
2017.05.18 | 2018.02.25 | 284 (1) [-443.5(1)|-1.56 (2)| 2017.06.22 | 2018.08.30 | 435 (2) |-636.7 (2) |-1.46 (2)| 35 1 1

* () : Rank of Risk, ** Diff. = Start time of SPI(12) - Start time of SPI(6) (Days according to the Timing of Drought Occurrence for SPI(6) and SPI(12))



M. Jeong et al. / Journal of Korea Water Resources Association 57(3) 195-207 203

o Mgt SRSI7F 20 Adfste= A& ER1stA L, 1 9] 7He © 2 99(257.4Y)0ll A1&S1 L, SRSIOY B8 -20.8Y 2 &
APl A= SPI(6)2] A38A < ERlsHct. Yot §iHof| X 7o) g w= 9= AR A7) 7h
SPI(6)2] 7HE AJ&HS 7|0 2= 7= K| ZHA] 7] 7 B A 79(189.8) 2 oF = & w2 M-S B YTt T3k SRSIETH

Table 4. Comparison of Starting Date of Drought and Dry Events using SPI(6) and SRSI

Onset of Drought
No. | Drought SPI(6) SRSI Lag (SRSI - SPI(6))
** Reason
Year Julian Day Date Julian Day Date Drought (day)
@ |1996~1997 270 09.27 237 08.25 -33 Initial Period after Dam Completion
® |2001~2002 350 11.16 257 09.14 -93 Considering Dry Condition
® |2005~2006 289 10.16 255 09.12 -34 Considering Dry Condition
@ |2008~2009 240 08.28 243 08.30 3 Considering Dry Condition
® |2015~2016 - - 181 06.30 - No Drought of SPI(6)
® |2017~2018 138 05.18 191 07.10 53 -
(a) Drought Onset of SPI(6) and Drought Onset of SRSI
Onset Drought (or Dry)
SPI(6) SRSI Lag (SRSI - SPI(6))
No. | Drought
Dry @ | Drought @|  Dry Duration ) Dry Drought| Drought *% Reason
Year : Julian Day | Date
Julian Day @-0) (day)
D |1996~1997 | 212 270 58 237 08.25 25 -33 Replace Drought with Dry
@ |2001~2002 | 228 350 122 257 09.14 27 -93 Replace Drought with Dry
® |2005~2006 | 196 289 93 255 09.12 59 -34 Replace Drought with Dry
@ |2008~2009 | 189 240 51 243 08.30 54 3 Replace Drought with Dry
® |[2015~2016 | 209 - - 181 06.30 -20 - Application of Dry Onset
® |[2017~2018 | 105 138 33 191 07.10 86 53 Replace Drought with Dry
Ave. 189.8 257.4 227.3 - 38.5 -20.8

(b) Dry Onset of SPI(6) and Drought Onset of SRSI

2
w0
= o
o
n
n
o o
wn
L | | it -‘_36: -'“' | | | e
5 L8 | L {2y168 ] el
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Fig. 8. Time series and drought events of Suncheon SPI(6) and Juam-Dam’s SRSI (1996~2023)
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Table 5. Summary of severest meteorologic & hydrologic drought characteristic at Sunchon (2017 and 2022 drought events)

Date (yy.mm.dd) . . .
Drought 2022~2023 — Duration (day) Magnitude Severity
Onset Termination
SPI(6) 2022.02.25 2023.12.03 281 -516.0 -1.16
SPI(12) 2022.04.12 2023.05.04 387 -553.9 -1.43
SRSI 2022.07.01 2023.05.30 334 -577.8 -1.76
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Input Data for
SRSI Magnitude Estimation with SPI(6)

Estimated Magnitude of SRSI

Drought

SPIE) Magnitude

SRSI Magnitude

Observed

Estimated

1996~97

-140.2

-3576

-3594

2005~06

-2202

-4056

-4116

2008~09

-427

-5425

-5467

2017~18

-4435

-596.7

-5575

2022~23

-516

-577.8

-604.9

Linear Regression Analysis 1 Y = 0.653 X — 267.78, Rz = 0.95
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