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ABSTRACT

In order to understand the characteristics of natural droughts, it is very important to interpret the spatio-temporal relationship between
different types of droughts. In this study, meteorological and hydrological drought events were defined to account for the overlap between
drought duration and spatial extent in three dimensions (i.e., latitude, longitude, and timing). In other words, the spatio-temporal drought
propagation characteristics were analyzed based on the drought characteristic factors (duration, area, depth, center). The drought map
considering the characteristics of spatio-temporal drought propagation can be used to find the fundamental cause of the hydrological
drought which is expected to frequently occur in the future. In addition, the drought map is expected to be useful in preparing an effective
drought response plan.
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A 7do] AHE I (Changnon, 1987; Eltahir and Yeh, 1999).
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JESke] BA33c(Van Loon, 2015).
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et al., 2017), tiEo] Z77] 2 Efge] 3kl whet 713shE
7HREo] FHE 7HEo = Holule v o] oF 7hEe] A|HAREe]
209R= 7o) 8- Yu et al, 2018). T3k Sattar(2019)=
S2uehs 7HERolo) wkE AAARE 2 wgskEo] Tk o g
t2A ek 2 asieink S A9 7k sk giAS
SIEiAE AR 7REe] xo] 529 digk #4o] Hasithi=
RS sk

Yoo et al(2019)2 ApAel| oJgk 7Ha-2 AREL F1teA] FAlel
Fsksh= 321993 ddolehs AE 7otk -Evet 7hae
BT o) dels #2493k vtk 53k Yoo et al.(2020)
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A ARl fES 883t 3398 IO TREAVES
sjXstarat gtk olS flsf (i) 7V 3 s TRAPSe]
EA4E FE3P7] fIske] 3akd4 Tids A8kl (i) F 7HA
7R 58 Alele] AN $13te] Liu et al.(2019)] #2ist
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(a) Meteorological Drought Event

Fig. 1. Definition of Three-Dimensional Drought
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(AIF, -1.0) oJaRRl A9S “TH/dEE Zock 1 5
7r A& delE 7o = slod, gk A o] Ul
ol gk I Su=EE S AR 3xkdA 7%*14}"
=31tk Yoo et al, 2019). 2 A3}, 331 7id Zzy)
PslA @ ZmsbA spEApte] EAE Table 14 2.
B oA FEE 7V TREAPES F 257]0]m, A
B 71 R&Tzke ok 5.047)1L0H, B 7R Alr= 3730]
ok 7PIEH The 5 Adl 7R A7 R Al VRt ZReARS
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(b) Centroid of Drought

Event using a Simple Clustering Algorithm

Table 1. Basic Statistics of Three-Dimensional Drought Events Identified by SPI6 and SRI6

Meteorological drought Hydrological drought
Number of drought events 25 34
. Mean 5.04 5.74
Duration o 30
months
( ) Max (1988.02-1989.01) (1993.12-1996.05)
. Mean 372.7 270.2
Severity
) Max 1707.8 2476.7
(1988.02-1989.01) (1993.12-1996.05)
Mean 40.3 18.9
Area 73.25 582
o, . .
%) Max (1988.02-1989.01) (1988.03-1989.02)
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Fig. 2. Spatio-Temporal Patterns of Drought Duration and Severity using SPI6 and SRI6
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Fig. 3. Spatio-Temporal Drought Propagation and Accumulated Drought Severity for Single Category
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Fig. 4. Spatio-Temporal Drought Propagation and Accumulated Drought Severity for Complexively Category

3078 Bt A& 2 ThEe] AIH R WAk At
RS WAV e 2E ERIF & Stk S, 28 7haol
WA Hex] SARE ge] 7THEO R VERT o< 19949 5¢
o ARt 1071 A3k 7 WA 7138k 7HEel] FA] FEE
Hke AR X ECk 7 R 7P 7HEe] WSk 71t U
7he 49 SIAE o gEA ol ink gk TREAIE W
A 7RE Aol wRE SekghHE FalS vlast Aa Ao
oA FAE Hdl ML) 7R A=r EAg oz seldTh
Tgh, G2 TREe] FAlo] BRAGeNA TR HA 27]
S o] 19931 9ol Alzsle] 670 A&k 3 WA
7P Tl RS uke Ao w FolEr) o]AY 1993y
7kl A&3te] o] 53 ALTMA dA&E 7PIEE s of
378 9] AR AR =28 kel FEks vzl Ao =
SRIEE olgt 7k W AL g o= Q18 HAskE
7P Thme B S THRO R ARSREAR] He) 71
o] FH3ITh= 9fn|= sfAdrh

214  Journal of the Korean Society of Civil Engineers

B Aol 7V THEt Eeh TREte] AR
o158 BAE ffsted, 3akd TN 7hs& Aelslal =St
A 7kl FFE IRk 7R Thas sisisitk = 7Pdst
7REAS(SPI6)2} et 7HEAI(SRIG)E of-8-sko] 33k
WgelXe] 7HiS ddeoink L Adk 7R /R
7R ehy 7R THE SIS AS7IRE Ak
14, T4 B0l i A F7Pt bFssiltk F 7hs #2
T BRI 7k A&7Re] ZA VRt 2l R3] THgolH,
Al 7hs Aerh A Vet 2k TP TREe = BklH
Aok w3, FAR) 7Y WA Hg-e 7VderE] ThEelM
A velsken, 5 7k o) i) s S48 vlagt
A, 7VFer 7hEe = gk AR SR g vl
of 2uf o) 2 Ao FRIHITE

7hHe Ao} ASA AL fslM F ks 79 1k 2



Jo
B3
of
oy

_>|4_‘
o,

5 SATS ARk T 29k 198335 2014
e RS TFRARE F VS bRl olg
015438 B8] 7= ] MIB(50 %)) A
2 SRIERick ok Z<Re) 25 9 V)5 da Qg Aese)
W ol WP TS bR AoldPon A A

ojelel] R 7k WAl B UE fIRle] ks 2 vk

2oz
[‘

‘ﬁj

2 ool 49-f% =Y

S B9l mold fYL Mo
A R ABATOROR i831el T B
(SPIGYSI] HoI59g Tslgic 1 27} elsgow e

T 7R 2R Y} 4me] Z7|E gHIR -,-,—/\]-6]-71] UERJTE
SRI6-2 70‘r"rT€ BHE B3 e A9 AFET L 7
Ao Qo] 7390 3t ej&Ado] ujg- A
e 1 ol SPI6 A1B3HA 7hg sfede] A LRt o
Pt TRel Belal ek Thgel WA 191 st
=4 0101 7P 71| o3k AlErk o s HolEAL B

97150 Y% vl&2) A 1, 5 ol tifek ARl
e 71 7P Thaol ik ARARES: FARske] 28
A EIe] WAE IR HESoF & Havl ok

S ahehs RSk 71 ublo] ok wjx|= Ptela sl
Z 7o) gREL R QAEA F PRIEAo 7 TRY S
Fo 2 FRIFAIA % H&), HASHo= 7R 7k 32
A Seluel tE 7HE7 I 19943/199532] A7 |74 713t
o] FUdg Aoz et o3t A= Blg 7k Ao s
TEREE= F 712 680 dsirs dxzo s whgsh= 7PekE
7HEo] AFETFARQ] 7] Ho] &S dleh= o] Za8k 9910

2 &84 7 Slve= AS retk

B3k A 1994-19951 ) A3 G258k 7HEe] 9ol
Z S7he] 7Vt Tkl ol 7RI A HEos 1%
7hae] WY A9de sstaL, ARl 7REe] e st
| 2 Gk TSR TR B830] e Ao R wvk
ok wEpx] F2F o8 §IE] wAshs gl gk a8l
RHRES rlHsl] feixte AA 28 7HROR Q1% &

Hzo] ZEAQ] 018 wAsh= ] 7R AL el
A& WEA] sz Eolof g,

oLl

20l 2

B e AN SRS eE
wlol =30 ¢121(2019-MOIS-011).

H =52 2019 CONVENTION =58 54 Helsle] 2]
AFUk

Z1E7 A e] Al

)

References

Andreadis, K. M., Clark, E. A., Wood, A. W., Hamlet, A. F. and
Lettenmaier, D. P. (2005). “20th century drought in the conterminous
United States.” Journal of Hydrometeorol, Vol. 6, pp. 885-1001.

Changnon, S. A. (1987). Detecting drought conditions in Illinois,
Vol. 169, Illinois State Water Survey, Illinois.

Eltahir, E. A. and Yeh, P. J. F. (1999). “On the asymmetric response
of aquifer water level to floods and droughts in Illinois.” Water
Resources Research, Vol. 35, No. 4, pp. 1199-1217.

Liu, Y., Zhu, Y., Ren, L., Singh, V. P., Yong, B., Jiang, S., Yuan, F.
and Yang, X. (2019). “Understanding the spatio-temporal links
between meteorological and hydrological droughts from a three-
dimensional perspective.” Journal of Geophysical Research:
Atmospheres, Vol. 124, No. 6, pp. 3090-3109.

Peters, E. (2003). Propagation of drought through the groundwater
systems: Illustrated in the Pang (UK) and Upper-Guadiana (ES)
catchments, Ph.D. Thesis, Wageningen University, Wageningen,
Nederland.

Sattar, M. N. (2019). Probabilistic framework for characterizing
drought propagation between meteorological and hydrological
droughts, Ph.D. Thesis, Hanyang University.

Shin, J. Y., Kwon, H. H., Lee, J. H. and Kim, T. W. (2017). “Bayesian
networks-based probabilistic forecasting of hydrological drought
considering drought propagation.” Journal of Korea Water Resources
Association, KWRA, Vol. 50, No. 11, pp. 769-779 (in Korean).

Van Loon, A. F. (2015). “Hydrological drought explained.” Wiley
Interdisciplinary Reviews: Water, Vol. 2, No. 4, pp. 359-392.

Yoo, J.,Kim, J. G., Yoo, D. G. and Kim, T. W. (2019). “Characterizing
three-dimensional drought events and spatio-temporal migration
patterns.” Journal of Korea Water Resources Association, KWRA,
Vol. 52, No. 12, pp. 1025-1031 (in Korean).

Yoo, J., So, B. J., Kwon, H. H. and Kim, T. W. (2020). “Development
of drought map based on three-dimensional spatio-temporal
analysis of drought.” Journal of the Korean Society of Civil
Engineers, KSCE, Vol. 40, No. 1, pp. 25-33 (in Korean).

Yu, M., Cho, Y., Kim, T. W. and Chae, H. S. (2018). “Analysis of
drought propagation using hydrometeorological data: from mete-
orological drought to agricultural drought.” Journal of Korea
Water Resources Association, KWRA, Vol. 51, No. 3, pp. 195-205
(in Korean).

Vol.40 No.2 April 2020 215



