Geographical Science Research HiBERI2£HT 5T, 2026, 15(2), 404-418 Hans X
Published Online April 2026 in Hans. https://www.hanspub.org/journal/gser
https://doi.org/10.12677/gser.2026.152039

ET 2 REWMERN RIS TS ER0E R

® &, ITY, ALK
RYNPNE B AR K 2R SR TR AR, 2R IR

i}

Weks . 20264F3H24H; FHEM: 20264F4H21H; KA HM: 20264F4H29H

R

RILTBAEAEBRAE X MEEKE, TREEHAR, SHKRREZEWRTZEZN. HHEARTE
FEYAE SRR AE A, AFFE TERAS-Land B4kl SBUIEENIHI2E (scPDSI. HWPD)RIFRAEAL
24(SPI. SPEL. EDDI. SESR. SSMI. SRI)Ft8K#E%, MARBEMERBEWRMNERE, &M
EHHRA BERE BN R E MBI RIES Tk, RATHESRETRER. Rk, KX, EFTF
BHZIERE S . SRR RIS T RET SEBH R P EHEENR, SPEIRISESRAEEA X
KRETREATIETERERE, EDDINARR T AR EEBRNIRNMER; KSC/EE$RE(SSMI. SRI. SESR)
EKANTFR2RAHERMRE, SKEBKBUMRMERER, 519634, 20044 K£2020~2021F=3h
BTFREREEYE. HASRARLTEET R BN IRIESZ R EDFE AR TREEKE.

K
FERigY, BRI, TRE, RIS

A Study on the Applicability of Drought
Indices in the Dongjiang River Basin
Based on Multi-Scale Assessment

Qiang Huang, Zimiao Wang, Jiayao Lin

School of Materials and Environmental Engineering, Shenzhen Polytechnic University, Shenzhen Guangdong

Received: March 24, 2026; accepted: April 21, 2026; published: April 29, 2026

Abstract

As an important water source for the Guangdong-Hong Kong-Macao Greater Bay Area, the Dongjiang
River Basin is frequently affected by drought events, posing a serious threat to water security. To
evaluate the applicability of different drought indices in this basin, this study selected eight types
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of indices, including physically-based indices (scPDSI, HWPD) and standardized indices (SPI, SPEI,
EDDI, SESR, SSM], SRI), based on ERA5-Land reanalysis data. From both monthly and pentad scales,
the capability of each index in characterizing meteorological, agricultural, hydrological and ecolog-
ical droughts was systematically assessed using correlation analysis, drought event identification,
cross-scale consistency evaluation, and validation against reservoir observations. The results show
that standardized indices exhibit better applicability in drought evolution and propagation studies,
with SPEI and SESR more effectively capturing the propagation from meteorological to agricultural
drought, and EDDI providing a more direct indication of runoff deficits. Hydrological/ecological in-
dices (SSMI, SRI, SESR) show greater advantages in monitoring long-duration droughts, displaying
the highest correlations with reservoir storage changes and showing strong agreement with the his-
torical drought records of 1963, 2004, and 2020~2021. The findings provide a scientific basis for
the selection of drought indices and their multi-scale synergistic application in the Dongjiang River
Basin.
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FEIA[1]-[3]0 ARTLIIR SRS X AL CoK PR, ST AR R R, JEIL 2020~2021 48 )T s
WHIKAFRRIER, A XK 2 4 R IR PR [4]. HEFR TSI ™ R, KR FEE R
HI7 IR 1) Al o

TR RN T REENFE TR, HArE T 2858007 2 P BN AR AL 29 KK
PIEEALHI AR Ei R BT S (PD ST & H A AR HERRAS (sePDST) = T L3 /K S P SEAY , £56 2% LR PR K
BE . UG MRTIAE, B BSRIME R X [5][6]. PaEALEIEEARAEIL IR K HE B(SPT) AruEfL
K ZZBURFEEU(SPED) 28K 75 R T 248 80(EDDD) SR T MR i it rik, B 2 RZREME A2 8wl e
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Figure 1. The geographical location of the Dongjiang river basin
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DL K = AR AR -3 5 7K B (0~7 em 7~28 ecm. 28~100 cm). FE TS IEAEE SR, KM Magnus AR[17]
THRMRKYR 22 25T RGE L BAUKIRE 2 FATHEER S KSRHE /1, KA FAO-56 Penman-
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Table 1. Classification, definition, and temporal scales of the adopted drought indices
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FRAEAL KR HU(SPI) [7]: XF 2 AN H BR/KE 7 54L& Pearson 11 B 501, & IESRHEMITH].

FREAL B K ZEHUR F8EL(SPED) [8]: XF 2 AN H REIE/KE S REUETE A BRI ZH T35 Log-lo-
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Figure 2. Correlation of SPI, SPEI, EDDI and SESR with SSMI and SRI at 1- to 12-month scales: (a) correlation with SSMI, (b)
correlation with SRI
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Figure 3. Correlation matrix among drought indices: (a) monthly scale; (b) pentad scale (““indicates significance at p < 0.01)
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Figure 4. Time-lag correlation analysis of pentad-scale drought index
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Figure 5. Time-lag correlation analysis of monthly-scale drought index
E 5. ARETSEEHFEEXSH
Table 2. Occurrence frequency of different drought types at pentad scale
2. ARETREHRAINTREL IR
T RI8EUT 2 B IR (%) HWPD SPI SPEI EDDI SESR SSMI SRI
FD 1.1 4.2 7.2 6.1 8.0 7.3 8.2
SD 0.1 0.5 2.0 1.3 5.9 7.7 5.0
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CSD 0.0 0.0 0.0 0.0 1.4 3.7 4.2
FD A 95.9 90.5 77.6 82.2 49.3 354 31.2
FD_SD 4.1 9.5 224 17.8 43.3 47.0 36.0
FD _CSD 0.0 0.0 0.0 0.0 7.4 17.6 32.8
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TERMZ, SRI M FD [] CSD ¥4 L 51(32.8%) . 3 iy T~ HAth 5%, RIS — BR5), HIFFgm®
i, TG EHAAEE TR XKW, Ky MR A BRI IR I T SR R R A R ) Ak
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TR HAAE R I 5P A . R IEB(SPL. SPEL. EDDI)iHRJ) FD FH4E i &4 (BErh 0 A T 3~5 A
fi), ZUFEWAHRTELAC; 17 SESR. SSMI 1 SRI iRl SD F1 CSD A4 Jiinf W3 i, FUE T iy, St
T HHOK T SRR 1 BBV . FoR SRT RSB CSD F il et ZUEROR, #E— B HHE T
HEBE T R0 sREF e

AREFRERN SRR 3 PR, EARE L, FrafEdudaeiitl SD fl CSD Hf, HE3HK
TEH R B RAEAE Z R . SRR KI55(SPI. SPEL. EDDI)f¥) SD S 4 g & T4 K SC 46 8, i
CSD 452 W LA EDDI #% /=1 (44.2%) scPDSI 5 1i%(27.3%) -SRI ] CSD 4%~ 32.8%, 5 SSMI (38.7%)
A1 SESR (41.9%)#H LAm A%, {H&T scPDSI, X 1] g5 2000 B 7K (R B2 B8Ry P 52 tH AR IR A 6 .
K 7 Bon T ARETSEHEMM DI S5EE AR, BEA S ERE -3 [REIREOR 5S4 P AH
M, WKSC/AESTREOR M FAE R B ZUEE R, #E—DE T AR T R R s p R
TEZE 5%

LR 3y K4 KE 6y BT AL, RGRIEEAE T B ED) R A RIS, K S04 SRR R
(SESR. SSMI. SRDMITEK i+ 5 (SD CSD)I MM 58 BAR %A . o, SRIFEFFEES T 1T 525
R RRE, H FD [ CSD s b3 &k CSD AR Pl RRAE, A B I AR i 2 K 52 1
HARFEAR o IX—Z2 55 N 2 i B 5] FH 1A A1 R[] OB (1 52 A A T AR

4.3. BRETRR7gE

D PPA 3 RO A5 B A R i ST, R “AWED 3 METR” FEREHN, #HER
JEF R Amic 3oy A RET Fhnid, 5 A RET 2EE0R A LT RARESHAT . £ 4087 %
FaArE s RO SR ) — BRI FE b, CFEHERA R iy R R . RRR . F1 /3 %0 Kappa R%L.
M 4 W0, AR EE RS R T S50 h R BIAAAE % 2 % . SPI. SPEI Al SESR 1) F1 73Uk
(0.15~0.17), &AL 0.10, R EAIER AN 31 5K B2 (8 i F#58 J18055 . SR T85O 55101
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Figure 6. Duration and intensity distribution of drought events identified by different pentad-scale drought indices
6. EREAETFRERRINTFEEHHMNEINESH
Table 3. Occurrence frequency of different drought types at monthly scale
= 3. ERETRELRANTFREHINZE
F IR+ F IR (%) scPDSI SPI SPEI EDDI  SESR  SSMI SRI
SD 2.7 16.7 14.7 12 12.5 14.5 14.3
CSD 273 40.9 422 44.2 41.9 38.7 32.8
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Figure 7. Duration and intensity distribution of drought events identified by different monthly-scale drought indices

7. BRETETREHRINTFEEHRNSEIUES

B 7K B BBUR, AE PRI B /K 5 SRATATAS R AT s RS T 5 SESR B ARSI ie, (HH 0T 358K 431
Wi N AFAERS i, SEUERNE S ARz, EEERRRE, KSR RET 0.54, i
HAEMRABRTREAN, ZABSON TR RS &, HIRR S ™% . SSMI Al SRI 1] F1 /- 4+
(8 0.31), aHES R 0.23 F10.24, FEHZ308 0.51 A1 0.57. X —55 5l | 3580 BE AR
XS S A — BERRCTR, RS ELE, BAEHMTREABON R, EERENTREER
HARETE RN A RERES, 7205 8455 . EDDI [MHER % i 5(0.73), HIH A+ 2(0.08)F1kE
H(0.23) M TR, F1 3N 0.12. X5 3R, EDDI [ R R A& 45 Rl TR 4k £
A AW FET BRI RN 0.08), PRI HER A E & (AR BTS2 A AR IR SS, H. 70 H
M5 H A B DY 5y 2 = iRk xR “ARsE AL R IBE0E EDDI (94 BHL G T O 3R T R UK,
R S A P ERVEAEZE R, RS AR EE 5 R I 5 RME BE BUR AR (k = 3k HA ¢,
Kappa RECGHIEIT 0, RAGERES A RET R E AR ZER, FREGEUTEEIH REEL
P XL RAMEIIE T 20 ]R85 W D00 F a0b 1 —— A [ B () RS 1) 1 545 B A B kb 7, 6 [ 2 i - 5

Zx I, SSMI 1 SRI 7EMS R RIAH X A (i, et 1 arrh 5K 20045 ; SPI. SPEI M
SESR H3& & TR T 5 AR 5B, BAE 17 A R # 4t (5 BAR S 4K 0 EDDI 5 R 1R 51 §E ) 32 I
FERA R o 25, 78 SERBR N R IE T B E S5

Table 4. Consistency metrics for drought identification between pentad- and monthly-scale drought indices

4. Z/ARETREHNTERM—BUEERG T

T BI85 B I (%) SPI SPEI EDDI SESR SSMI SRI
TR 2R 0.44 0.44 0.73 0.46 0.47 0.46

A 0.09 0.09 0.08 0.1 0.23 0.24

i 0.59 0.59 0.23 0.54 0.51 0.57

LSES 0.09 0.08 0.08 0.11 0.26 0.24

Fl 0.16 0.15 0.12 0.17 0.31 0.31
Kappa % 0 0 0 0 —-0.03 —-0.01
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Table 5. Identification characteristics of historical drought events by monthly-scale drought indices

5. AREFREHMHEFEEAHIRAIHFE

1963 4 2004 2020-2021 ¢
TR
SFEIREE BORURE TREAS CPHRRE RKME TREAH CFEEE BOGRE TRAK
scPDSI -2.82 —3.43 12 -1.82 —3.16 12 —2.82 —4.67 24
SPI —-1.65 -3.09 9 —0.96 —2.27 7 —0.30 -1.90 7
SPEI -1.36 -2.71 8 -1.13 —2.03 8 —0.56 -2.07 8
EDDI 1.12 2.41 12 1.17 1.98 12 0.64 222 23
SESR —-1.47 —-3.96 7 -1.19 -2.52 6 —0.46 -1.86 11
SSMI -1.54 —4.17 9 -1.25 -3.13 9 —0.43 -2.23 9
SRI —0.68 -2.79 8 -1.25 —2.14 10 —0.38 -1.61 10
Table 6. Identification characteristics of historical drought events by pentad-scale drought indices
F* 6. FRETEEHENHLTFESHENRAIFE
e 1963 4 2004 4 2020~2021 4
FEPRE BROGREZ TRAY CFHEE ROARE TREA% CFEERE RARE TREAK
HWPD — — 8 — — 4 — — 19
SPI —0.42 -1.57 30 -0.32 —1.64 17 —0.09 —1.33 27
SPEI —0.63 -2.68 30 —0.54 —2.66 27 —0.25 -3.26 42
EDDI 0.64 —1.26 32 0.62 2.79 33 0.33 —1.60 50
SESR —1.05 —2.47 37 —0.87 —2.47 39 -0.27 —2.05 36
SSMI —1.28 —2.47 42 —1.06 —2.47 42 —0.33 —2.47 43
SRI —0.75 —4.08 45 —1.00 —-2.73 42 —-0.29 -1.73 49

MHREEGIRGE 5)RTLLE i, sePDSI £E =37 % th 853U H oK elidin i K ng + 5 H (12 12,
24 NHY, HAEOKSREE MR (1963 4-3.43, 2020~2021 ££-4.67), 2B H RS AR s 1 T 5 0 %1
I & /)55 . SPI Al SPEI 7E 1963 SER I HH 5 1)~ 358 (= 1.65+ —1.36), {HTE 2004 FFF1 2020~2021 4
(5 B Rk s, R A Hith b, RIVSE T RIEE L TERT e A g . EDDI TE 1963 4FA1 2004 4F
B 12 MR A, 78 2020~2021 SEE—0 0% 23 N, HEKHEETE 1963 4183 2.41, 5%
Wi 1EW) A . SESR. SSMI A1 SRI 7E 1963 4353 I H 508 P~ 457 568 B2 S K 5 55 (T SSMIT i K Bk &
—4.17, SRI R KGREE-2.79), AR IRT Fsm BB B TR, S50 IKIAR L ESA—3.

FERIELEREE 6)fan T A FTRECT T R FEAS 40458 (a8 22 5. SPT 1 SPEL 7R3 & R iR i)
R HHuE 2 T H R0 2020~2021 4 SPL 5 H N 7 H % 27), FRUIE L REM L2 2 M+ 7
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5. &hig
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