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Quantifying the 2022 Extreme Drought Using Global Grid-Based Satellite Rainfall Products
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ABSTRACT

Precipitation is an important component of the hydrological cycle and a key input parameter for many applications in hydrology, climatology,
meteorology, and weather forecasting research. Grid-based satellite rainfall products with wide spatial coverage and easy accessibility are well recognized
as a supplement to ground-based observations for various hydrological applications. The error properties of satellite rainfall products vary as a function
of rainfall intensity, climate region, altitude, and land surface conditions. Therefore, this study aims to evaluate the commonly used new global
grid-based satellite rainfall product, Climate Hazards Group InfraRed Precipitation with Station data (CHIRPS), using data collected at different spatial
and temporal scales. Additionally, in this study, grid-based CHIRPS satellite precipitation data were used to evaluate the 2022 extreme drought. CHIRPS
provides high-resolution precipitation data at 5 km and offers reliable global data through the correction of ground-based observations. A frequency
analysis was performed to determine the precipitation deficit in 2022. As a result of comparing droughts in 2015, 2017, and 2022, it was found that
May 2022 had a drought frequency of more than 500 years. The 1-month SPI in May 2022 indicated a severe drought with an average value of -1.8,
while the 3-month SPI showed a moderate drought with an average value of 0.6. The extreme drought experienced in South Korea in 2022 was evident
in the l-month SPI. Both CHIRPS precipitation data and observations from weather stations depicted similar trends. Based on these results, it is
concluded that CHIRPS can be used as fundamental data for drought evaluation and monitoring in unmeasured areas of precipitation.
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< W AEH o8 FTkehe FAIE Holal itk (Bae and
Son, 2012; Kim et al., 2012; Jang, 2019; Jeon et al., 2021).
7hre ool et 7149 ke, A The, A
7k, AR - BAA 7HRo R Bkl AR ARkl 7t
59 AR Zr4wko] Kz o 7 Asit) (Seo et al., 2021).
SEuEke] A9 A SERE 99 oS-l HFE
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Re S99 7127 IcH (KMA, 2023). webd] &2l 7}
B42 SleiAle T 4t Zhe wAle) ke Tt
i, Tebdjoln ARl AR S Tl el W
| D3}t (Wilhite and Glantz, 1985).

u)=-9] 7 =773 7 4lE (National Drought Mitigation
Center, NDMC)E E3|| 1|+ A% 9] Standardized Precipitation
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otk AATEA 2RO AL n)AE Y9 A7 o] o 9] Flash Drought Intensity Index (FDII) A5} 0™, <

HaL 37 e ggsto] pEao] dieof whet He Wz AAE A7] 9 Ao 2-8-sto] A =
A= o] BHAAS 7FA] L it} (Jeong et al., 2017; Huffman Z v|wstoct E3E YAGAF 7]ute] FDIIS] 7= WH3lE
ot al, 2023). S47IHbe] AR} A WS Aele  wlmslel BUAREe] WAUSS AeSch Mun et al
F71A8 o)1 FYU3 AUE9] HolHE Alvd o+ = EA (2019; 2020)- Climate Hazards Group InfraRed Precipitation
= 7HAAL glom, AVFHE ATt 2hs nlAIS A HollA] ARt with Station (CHIRPS) 7= Zt&5 FoFAlol 9 ghiko]
H A2 HARE Hekshe RS 7ML 3l (Nam A gsto] TS Adshe A4-E APt on, 7THEA4
et al., 2018; Cho et al., 2019; Gebrechorkos et al., 2023). AR B8 7HE B4 9] 7AS Tusioith

A9 H AARA AR E ZE AR o] Rk = 2 Aol FToll WS A4l TFR o R 7| EE L
UElea 24 s 2o wek opfah ol NE Tokel 9l 202208 ke AT A4S SN 24
A AFPE L glom, Zhgol gk weha], 714 £AAA FARE E8 71 T Al APEEle] Thee &
79k 537 Sl Y199 71w Yol tiFEAL ¢ Astarat gtk o)A A-tollAl= st E e 919
C}. Shukla et al. (2014):= CHIRPS /97 g 285t CHIRPS 2] =11 2848 shekabara} ohefst 55 3ol 4l
of Folralrt Aojo] AR EPLRE dSsh ATE  AHS WiEon, B At o Hgstel 2 7}
4=3)5}91 0.1, Alijanian et al. (2019)= MSWEP (Multi-Source Fo| FAsH vehd x9S B451o] CHIRPS 7145 A&
Weighted-Ensemble Precipitation) 3313t ThoFst A2 EAL 2 g9} 712 BAL =35t A} s} Az bk Al8
2 G ARE Bt TREAIE At A9 E BHE 7VJSH 7heE B7F 4 Sl SPIE ARgsto] 2022
Saasich FoIAE Yoon ctal. QIS 2017d ol HES BAL, AR 71 Al v2E B9 1S
WP S A MR S8l SAAAS B Sslan
£33} Evaporative Stress Index (ESI)E- APA3141.©.™, Normalize
Difference Vegetation Index (NDVI), Enhanced Vegetation
Index (EVI) 5 Th2 HgASole] vl 24S Bl 484 ||, 7 TR U e
2 HESIATE Lee et al. (2018)2 Tropical Rainfall Measuring 1 o7 CHAF X[ 2l A7)
Mission (TRMM) $141534 SPI 8 E=q-Hake] vl 4
3lglon, o]2 B4 7o 2oz 2Bl FHE A At tid A9 vkt Aoold, Rt 74 E/d0]
&S BAsITt Lee et al. (2023)S QA GAF EORREL 7]u} e 5% 5 TA A9S Adsieint 2 F4lg 71aol
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Fig. 1 Time series precipitation data for May using ASOS from 1993 to 2022 (units: mm)
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AT 202208 ko e
At o) 45 BAS Slat ) 587
(Automated Synoptic Observing System, ASOS) 7¢<=aF

£ xlsielon], CHIRPS 231 74e s
F3¥5t3ith 20224 sYojl= ol A o & A= K Aol
NEHO R e e Uehyon], dia el 4714
2 R0l A0 eht of) 7b Azt 71gol
RS9I T (KRIHS, 2023). Fig. 10 EA|8H} o), 567 X
£ 713 309 ot 5 e 100.8 mmE 7|55}
02292 304 27 7 4 mme] W 714w

)

re

3

=

A iS5 710 ©02}29] CHIRPS =
1981 5] AP AT 9l 40 o)l A4 7
2o} A go|}. Table 13} 20| 242 A% W94 50°5-50°N
ol the AR 7eek Aot uLelS o) A ow
5 kmx5 km (0.05°) L3Rt A ES A2t 9ot (Funk et
al., 2014). T]=FR| & ZA}=+ (United States Geological Survey,
USGS)¥} Zjszuo} Aebaps e} tfetal 7]5-9]7|AlE (UC
Santa Barbara Climate Hazards Center, UCSB CHC)+= 1999
B ojalyle} 2e ek AR7) HES )% Ao
sl 7 A=E Aok 71ss el siok 1Ak
A =EE FEAE 54T AP o Qlsf Hae] WAsh=

Table 1 Comparison of global satellite—based precipitation products

WA BatE Ao, o|= sl ARk bt st et
T Hagrtes EAS 7L Qi Hid e AdeEa
5 A7 0] A AlE|ee 2ARE vAS A oo] Wk &
AL 7423l ¢Jt} (Funk and Michaelsen, 2004). ¢ %710
= AdHEa0 HibE sk ARt BT A gow
A3t s F7F Rdls At S FAUANL F
Zofl&= vk g 5=+ (National Aeronautics and Space

Administration, NASA)2] 9JAI7|HF ARLE 7eaF A %9}

o T o
& RS =5k Tk (Funk et al., 2003).

CHIRPS+= 37}4] =8 ©|o]¥] &Ag Agsto] AJ4d3ich
QAR ZEE Hot A X 73 (Infrared Precipitation, IRP)
59U 797 FAAE sk, A4 FHE Sl TRMM
3BRY| g FHAE SYE BT 11§ ot IRP
Bgo| dst= 7347]28F (The Climate Hazards Center’s
Precipitation Climatology, CHPClim)2- 23t} IRP 374X
£ 59 Eeh 2HE Aol A WelE vew,
CHPClim& ¥7H4Q1 W15 Uehdith. 2E2 0= NOAA
CFS (Climate Forecast System)®] A|Ay&4A g 9 ofj7]
ndl ke AmE 350k, Agste] CHIRPSE A/dstaL
QIt} (Arregocés et al., 2023). Fig. 22} Zro] 2019 L E| 2022
4 47 4 A7) CHIRPS S| A 7 4aH8 eihel
o, gop|g}zh 2| 9x} oo} X[efo] B Ao H|s|| =&

4eee el

oT o=

Satellite-based precipitation products Temporal coverage Temporal resolution Spatial resolution
CHIRPS V2.0 1981-present Daily 0.05°
PERSIANN-CDR V1.0" 1983-present Daily 0.25°
GPCC V6? 1982-present Monthly 1.0°
GPCP Vv2.2¥ 1987-present Monthly 2.5°
RFE 2.0¥ 2001-present Hourly 0.1°
CHORPH® 2003-present 3-Hourly 0.25°
IMERGF-V6® 2000-2021 0.5-Hourly 0.1°
MSWEP Vv2.27 1979-present 3-Hourly 0.1°
SM2RAIN-ASCAT V1.5% 2007-2021 Daily 0.125°
APHRODITE V19019 1951-2015 Daily 0.25°

DPERSIANN-CDR: Precipitation Estimation from Remotely Sensed Information using Artificial Neural Networks-Climate Data Record

DGPCC: Global Precipitation Climatology Centre
9GPCP: Global Precipitation Climatology Project

YRFE: Rainfall Estimate

9CHORPH: Climate Prediction Center Morphing Method

®IMERGF: Integrated Multi-satellitE Retrievals for Global Precipitation Measurement Final run

MSWEP: Multi-Source Weighted Ensemble Precipitation

®SM2RAIN-ASCAT: Soil Moisture to Rain-Advanced SCATerometer
PAPHRODITE: Asian Precipitation Highly Resolved Observational Data Integration Towards Evaluation

Srsgeke| ey A66d A4D, 2024 ¢ 43



MR ZATEY 718 AXY YPARE BEE 20221 DY 742 2Y

CHIRPS V2.0 (2020)

Low High
CHIRPS V2.0 (2022)

9y

EEES—— ]
Low High Lo High

Fig. 2 Global average annual precipitation trend based on CHIRPS data (2019—-2022)
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o I 4w
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A52H AAAR R BRI HPS 93] Best o

n, A HO T YRELE A 7R Ls WAsk 9) Table 2 Th(—lz-:) classification of SPI value according to NDMC and

T} (McKee et al., 1993; Hayes et al.,, 2011). a7k 152} nepe

=& 28310, Ayfst S ol A8H Aol ojek = Classification SPI value

3} 2k Ao M A E7HR el Bado] 7pssiths EAo) Near normal -0.99 to 0.99

olom, tlekst AJ7F Fro] thel] mUEES 3 2= o) 24 Moderately dry -1.0 to -1.49
L - Very dry ~15 to ~1.99

o]
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24
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e

BEe 54 7REAY, 371, 671d 5) S A A %
= AXtska, EH‘(%} 717k gt A @l)% W AL Fol . &% 3 o
Zyeeo] digk B8-S Uehith (Edwards and Mckee, 1997). 1. XI&2EA Z4E XS 88 = M
A g oA Bt T 7IXbEet Aol ZIHe 20224 ) 7R AeE woksly] o8 RAEA] 7t
2 AAsL BE Ak o] MR FEste]l UE ek xnE ghgel spEnE 248 Salsigon), sHE
W, Z-Score EE91E F3ll Aol Ao RRE AolE T BAS B3 3] 29 7|7 iu] dA)Q] ek Aja
oot} #20be e SP o= ghbstal, Heo 717k & aAstct. BAIHO® 2022 59 74k o)
el S AR 15, e AT BYeE B S oy Uepgon], 2ASE 7o) whggie 2015d 3}
sto] 7ha AT SPle = 7F B 71 Ve wEk o 20179 v g Sadebedck wek, 59wt oh e} 39RE 5
I HElE I 9lom, NDMCoJJ A= Table 29F o] =7 o] tezjzssak | URE 59| R2742S u]wslolct
7}71&g|o|EJAlE| (National Climatic Data Center, NCDC)o]| A= 597 7|AFREA b AR E S8slo] vlE B
Al kL e S E8sto] ARk Sl 519l o, Table 31} Zo] Wt 72=ekn} nlw S Ea) 20224
& dFolld= f47INke] CHIRPS ALY e ARE slEuin g BA319in) Table 39] 422 s A|7]9] 744
Hgsto] APl g 5 9 SPIE 48Tt SPI AR 2kS olulaln, Wt Zee) 2022 o] Blw 2 A
S SleliAE 30 ol o] A7 A=E LA s uiof otk 2022 1E-7E 54U A2 164 mm, Bt Hiy|
CHIRPS7} A8/g el 1981'd 8] 2022W7kA] AR B 5 519600, wlm B4 A7} oF 1009 WEe] 7S Lehfgl
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Table 3 Analysis of drought frequency from 1973 to 2022

Division Avg. 2022 year 2Y" 5Y 10Y 20Y 50Y 100Y 200Y 500Y
Jan to May 324 164 312 247 218 197 175 162 151 139
Mar to May 256 154 243 181 155 136 118 106 97 87
Jan 30 5 30 17 1 8 4 3 2 1
Feb 38 5 35 18 12 8 5 3 2 1
Mar 60 88 55 34 26 21 16 13 1 9
Apr 95 62 89 57 44 35 26 22 18 14
May 101 4 88 50 36 28 21 17 14 1
V' Y: Frequency Year
* Unitst mm
May Mar to May Jan to May

2015 Year

B et
x%Qﬁquh
¢ < v B6mm (5Y)

2017 Year

2022 Year

184mm (17Y)

e

AT RS
<4V 181mm (62Y) 2

Fig. 3 Comparison of drought frequency in 2015, 2017, and 2022 (units: year)
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H|1sto] Fig. 33 o] =ASlSIGIT) 201592 H=2lo=

592 66 mm, 3YHE] 5L 243 mm, 1HHE 5YL 303 mm
o] 7= vehfiglon], 7haile 24 2} 247} 5, 04,
199 Hle== vhepyt}. 201799 79 542 31 mm, 394
5992 320 mm, 195 592 181 mm&] Zeks Uehjigle
o, 22} 58\, 1, 62d9] 7R Hl=E e Ie) 2022138
598 4 mmE 64213 W, 3YHE] 5YL 154 mmZE 179 ¥
=, 195E 59 164 mmE 1179 ¥ES Uepfglon,
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T 4w s 7o Bt gz sy O T SHSPA Sl HERden, 14, 24, 599 A1)
A ZWABE AGARE TE5000, CHIRPS a7 o0l BAS] S| Uelinh 2022 88 B, A
7AEEA A FHE FH 5 km AAE 2E50] ARE Az0] 2Fo|7} 352 mmz 71 A YeERgon, 29 =
TE3tTh 2022189] - CHIRPS ] Ht z}#aok:z plonn SR EkS WERigle U 7“%* 4] Ak B 20
mm, 7SS B e 1,147.6 mmE H3 AL 9} e 71“ 24 e vl sly] wiol ok
= Ajs20] Ul 25 SARE 2 (9318 420018 et 2 o AP AR slew s,
Fig 4= Q2 w|wdt Aijo|v], 1957E 59, 799] 7 Table 4= 71**45 A3 8 A7 AXE vl
CHIRPS®] Zto] 37| Uhehtom], 697t 82U E] 1199 7 Avtoln], 5YE YO vla LA CHIRPSS] #5
350
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200
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Fig. 4 Comparison of CHIRPS and ground—based monthly precipitation data in 2022 (units: mm)

Table 4 Comparison of CHIRPS and ground—based precipitation data at 58 weather station locations in May 2022

No | CHIRPS ?g‘;‘;gj Difference | No | CHIRPS %‘;‘;23 Difference | No | CHIRPS ?g‘;‘;gj Difference
90 20.4 9.1 11.3A 159 35.8 3.7 32.1A 244 16.7 1.8 14.9A
100 26.3 9.3 17.1A 162 34.9 0.1 34.9A 245 17.6 2.5 15.1A
101 34.5 3.8 30.7A 165 19.6 1.8 17.8A 247 14.8 1.6 13.3A
105 17.1 5.8 11.44A 168 30.3 0.6 29.7A 260 35.6 0.5 35.2A
108 40.2 4 36.2A 170 45.1 13.3 31.9A 261 35.2 0.9 34.4A
112 31.8 3.4 28.5A 184 26.5 9.1 17.5A 262 34.5 1.6 32.9A
14 46.5 1 35.6A 185 35.5 31.8 3.7A 272 29.0 3.8 25.2A
119 38.1 3 35.1A 192 28.5 0.9 27.6A 273 20.5 5 15.6A
127 36.1 8.6 27.6A 201 34.8 1.9 32.9A 277 16.6 5.4 11.2A
129 18.7 0.8 17.9A 202 54.6 4.2 50.4A 278 13.7 5.4 8.4A
130 14.8 2.6 12.2A 203 54.2 4.3 49.9A 279 19.6 8.2 11.5A
131 16.6 9.1 7.5A 211 32.1 6.2 26.0A 281 17.7 2.1 15.7A
133 11.6 8.1 3.5A 212 41.9 7.6 34.3A 284 21.1 0 21.2A
135 13.8 4.7 9.1A 221 42.4 7.5 34.9A 285 21.1 2.2 18.9A
138 17.6 0.1 17.5A 226 14.9 5.6 9.4A 288 23.5 3.3 20.3A
140 17.9 2.3 15.6A 232 29.5 8.8 20.8A 289 20.9 4.2 16.7A
143 19.9 4.2 15.8A 235 8.1 1.7 6.5A 294 44.5 0.3 44.2A
146 18.1 3.3 14.8A 236 10.1 3.5 6.7A 295 36.0 6.7 29.4A
152 21.4 6.1 15.3A 238 13.3 4.1 9.2A

156 171 0.4 16.7A 243 15.6 5 10.7A

* Unitst mm
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Fig. 5 CHIRPS precipitation—based 1—month and 3—month SPI from January to May in 2022
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Fig. 6 Comparison of CHIRPS 1-month and 3—month SPI at each ground—based station in May 2022
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