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Abstract

While South Korea's dependence on imported grains is very high, droughts impacts from exporting countries have been overlooked.
Using the Evaporative Stress Index (ESI), this study globally analyzed frequency, extent, and long-term trends of agricultural droughts
and their relation to natural oscillations and global crop prices. Results showed that global-scale correlations were found between ESI
and soil moisture anomalies, and they were particularly strong in crop cultivation areas. The high correlations in crop cultivation areas
imply a strong land-atmosphere coupling, which can lead to relatively large yield losses with a minor soil moisture deficits. ESI showed
a clear decreasing trend in crop cultivation areas from 1991 to 2022, and this trend may continue due to global warming. The sharp
increases in the grain prices in 2012 and 2022 were likely related to increased drought areas in major grain-exporting countries, and they
seemed to elevate South Korea's producer price index. This study suggests the need for drought risk management for grain-exporting
countries to reduce socioeconomic impacts in South Korea.
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197013 o] 2 2|7 FJBAES oF 7 il S7HARE
2050 A Q198 o] A 5 WA 4= QS
A= o2l E2H5tH(Bennetzen et al., 2016; He et al., 2019).
At 509 FRF A2 AT Aol A of B s Ay
SEaL 1AL 71 5 AREE ZRE T 22 7| S A Y] FFel it
(Cottrell ez al., 2019). 7] - 3}o]| T2t AJH 7+ H ) A|(Inter-
governmental Panel on Climate Change, IPCC)+= &4-7[RF
oflE17] Abgo] F17| 0] WIE S o] Aol S 27 91
& 707 A9gstal QIEHIPCC, 2023). 5727 EA HlE S
500 GtCO,Z Algrste] et +1.5°C Hi7t gAE 82
50% 45=0] I(IPCC, 2021), = =2 2HSK(mitigation)
o] 27} A} Sfeiets n]ef 4Ro] MEet Gl
o] EX] & 7F5-Alo] ATHIPCC, 2021; Thinda e al., 2020;
Trenberth et al., 2014).

F7HRE SAVE 59118 SRS AR LGS 5o 4

ol

A
Foage oEste At 2 HEol ofd & §ith
Tamea et al. (2016)-2 2008-09' = A Z-8-2171 2 oF7] € of

Z2Ejvte] w A Hshyt Bepd, Al ek, 2jHlof
Holme|7hgal, Qlk, S0 T @l 24 TS
0|z Z o 2 BRI AlA o SAkE 220 vl=ol
A AR 0] A Ajte] dofd 93, T, daiol]
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AN GE Folf o] FEFYLE ARt FUET=
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5| eh=of| =& S-S5t =7kl A= Algto] 8T E=A4
Zol HAPS 4T, o] At = A @S
of glrt. Az o] F /i (trade openness)©] 1% 57 o,
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T2 o] g A itk 18y F7tske AIASE8.9
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H eSOl e a2 7hd E5508 HA o]
tlzoll A FENto 2 7hgo] 37|15 Aok i E
AAARI 7M=& 4 UTH(Kim er al., 2021a; Vicente-
Serrano et al., 2018).
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a5 2 Aol 2EYHolE & 4 3l Food and
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0.408AR, + ’yﬂ% VPD
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y = ALEA4(Psychrometric constant, kPa °C™), T+= 3
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SO R oY B BB AADL TET SIS
Standardized Soil moisture Index (SSI)S AXFSH3ATE Layerl,
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9180l 271 A wlelelsict,

g ApalA]elo] EsIo) ST HahE uhe $Hlso] Sl
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A0 7 325130t 2016-2019 717H 2247 52 ©
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2710] 79 291 PR} 2 52 FA| el 212
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Fig. 1. Distribution of mean crop areas across the globe during 2016-2019. The fraction indicates the percentage of crop areas within a 1°x1° pixel
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Fig. 2. Distribution of pearson r between ESI and SSI over 1991-2022

(circulation coupling) &2 7 2J5} T}, th2 Ship= 734=aF
Hzog Zo|lE Bk o 7 QI3 dHo] Z71ste] VPD
7} S-Z == 2H-t 7] A g(land-atmosphere coupling) 74
olch. 3 A%H 2| -t 7| 2§ B F ESI9}FSSI19] ATdS
ATt &210] 49 & K5 AEY AL G AER AT
Bl 2-8517] wiloll A=) i e BX o Holjmd
4= QIt}. Lesk e al. (2021)-2 1970-2013717F 2| A-t) 7] A
A&7t 2 A oA RS o] RS o &4t T
Felgol Aid o 2 ] ol & A-S FRIFTh Corn belt A

A& LRkt ula FRA AL -t 7] AL ule- 7
gt 2| 9o]7] wjEof|(Koster ef al., 2011), ZF & HZo| 215

e A Eoj=d 4= Qi
3.21991-2022 ZAM[A| 7I2L/d £ &4

Fig. 3(a)= ESI7H 2717 B4t -1.3 o 2 Hold oh5
= Yt ERE0] H27 |72 490l A 9, Eito] A
21717k 10904 39 = A ofgt Afo|oh. 7HEHI =7 H T
o7 ok AL nj BESH, Bapd S, 49 9%
5, Ao AR, F27]d] 5., A& ofxe|7} 219 Fo3)
T AfsEL o 2| el A 7HR 3 6] AStaa ST
Art. Z AlA Bt ESIE A &4 0 2 7HAF] o v Z-E A
Ao g o 7HHE ASFAIE B STHFig. 3(b)). Al
324 Bt W2 S ol -5t (Brutsaert,
2017), AW AZx3H= A& 5H Z o2 Holm |-t 7] 2
o] /4t o = v 7Rt A2 A A| ol A Z7HE R = T whE
A S718e Aoz A,

Fig. 4= Mann-Kendall test2 Ao]%] Z+ fAl o] 3271

N
N
ji)l_;
KT
i)

N
B>
:L.,)il
Y
i)
52

O AAFAIZFHERAA] o= 3L Q1o oA ofel e
BYFFAA G 0B BHE AEH AT HZIA OB A
Zo= H]It}, o] vtaf| F=t FE5 A A A3t v] =,
A9, Glo] 84, i, D AR oA = EHE AE
27} S7Vel A AR o) et JFS I HE AR
e h ZEA )R] ol 4 9] EST 57 A7 Pacific De-
cadal Oscillation®|} Atlantic Multi-decadal Oscillation™}
L2 713%52] o] ofahd 2| 2dste] g 7hs
Jo] AH(Kim et al., 2019; McCabe et al., 2004), 2 F3H=
AR 7HESEE| AL Q7] wf gl AEAEiR] < o] B FE2
2} WSl 71 0 2 Auet 4= Q)

Fig. 5= 1991-2022 7]7F ESI2} Oceanic Nifio Index (ONI)
Ato] o] AbpHA| 4= B I otk ONIE Nifio 3.4(5°N-5°S, 120°
-170°W) 29 371 B4 Si=H2E 2] Helo|H El Nifio
Southern Oscillation (ENSO) 74+ =& LR &= 24 Q] %]
oIt} ENSO<F7ha A #] & 0] A2 of & Aol A]
FRlE HF glom nl=, g, 55-0] -9 47| 7Rt didet
o] Qlth(Vicente-Serrano ez al., 2011; Kim et al., 2019;
Cook et al., 2007). Fig. 54 v]= ZE22] 92 ONI}-7-2]
S o] S Holm Mg a4 27t B E ot
=2 T(La Nifia T4 A)) & FFo] S7FhS on)gich. 22
Z700| A @ AE | dejotel Iy Aot R 2| Gof| A= 7
S ate) o 2 QI mlart A s/ o] =k 2 5
B g ST 27t B E o =2 Ti=(El Nifio 24 Al)



888 D. Kim and H.-J. Lee / Journal of Korea Water Resources Association 56(12) 883-893

0° 60°E 120°E 180° 120°wW 60°W

000 002 004 006 008 010 0.12

0.14
Probability of Severe Drought
0.4 — Al
—— Croplands
o 921
(NN} | (
c 00+ AN A A AR - A A e
4]
5]
= —0.21
041 (b)

1992 1996 2000 2004 2008 2012
Time (daily scale)

Fig. 3. (a) Distribution of the probabilities of sever drought (ESI < -1.3) over 1991-2022, and (b) changes in the mean ESI over the globe
(orange) and at the pixels with the fraction of crop areas higher than 10%
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Fig. 5. Distribution of pearson r between ESI and ONI during 1991-2022
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