55 40 55 5 1) K AR Vol.40 No.5
2026 4= 10 A Journal of Soil and Water Conservation Oct., 2026

DOI:10.13870/j.cnki.stbexb.2026.05.014 CSTR:32310.14.sthexb.2026.05.014
AW, BB AROK AR A T SR BORN A E T Rl I S AT (D] K A4 4, 2026, 40(5) : 324-334.
Li Yuxuan, Lii Haishen, Zhu Yonghua, et al. Uncertainty and applicability analysis of soil drought indices[ J].Journal of Soil and Water Conservation,

2026,40(5) :324-334.

TETFEEHIAHEE R ERAEST
A, BER, KK, B, FRAE,
FaaEe, 3k, HwiR’
(LRI R 2 7K SOOK IR 22 BE L /K 95 By 1 4 1R B U 9036 %5, 0 5 210098 5 2. YT R 2 1 B 15 3% Jak 2

A 2110005 3. [ #b B A2 (Jb 50 K TR 5 BB 24 g, b 50 100083
4. BRI YT AR K A K e B 38 I 5T 5 L B R IS 150080)

 ZE. (B8] LB ITA AT X R, 50 M 2 Fh 4 58 548 S0 AS TR B ) SR RN - 582 Ok 2 1 2 i
FRARAE Y 25 5 RN E M, Al TR I T R AR B R RS L [AER]ET
ERAS5-Land -4 M 5040 , 44 8 L A i [a) RUBE B 7% J2 (0—28 em) 1 2 (28—100 em) + 4 2 11 b 1fi 1 + 4
KA 8L (SSMD | - HEK 4377 AR E(SMDD) |+ 587K 53 H 43 AL (SMP) J 1~ 5™ F = B 45 40 (DSD >R H
Mann-Kendall #3485 38 A 5 1 43 87 e 72 34008 55 07 V6 4 48 BT X LA, (85 R 1 DSMDI R AEAE fk
W J3E e K (29— 0.025/a) , DSTHe /(£ 0.001/a) o F5 246 £ 0] 22 5 5 B i, SMIDI X J) 35 4% £ 1+ 52 22 i B
J DST I Y A& 2 35 1 50 Ja] DX 35 T ARy LAt hg B0 1.5~2.0f% o 2) T TR0 — Bk d5e i 19 48 B4l &
J3 SSMI-SMP(0.883~1.000) 5 SSMI-DSI(0.879~1.000) , EL [ T 5% 54 2 384 58 4% 5 B iR 51 %i‘aﬂﬁ#ﬁz
DANE LR AT 4 T R85 B8 RE s A RUE R DSTW 5240 300 HAbH8 80 1.1~1.8 % ;

JE T SMDI 5250 % 0 HoAb 48 50 1.2~1.6 % ETKHR‘F%Hiﬁ&F‘,MﬁFTSMDlﬁiq?q:?*éiﬁﬂﬂm
Ko OB IR BN SREE B B DSILEAMERERA , 28 M 5 e 408 T nl ok 32 3840
B G AR SSMIFa felt | 2 %% R B AL s SMD T USRI e e L 36 FH F 301 1028 s SMIP U HE A AR, [&5ie] +
T B BCAE AR T 5 W e () 35 M 2 e OR A T vk R DR AN A )2 vk 25 S SR RS e B — 4R 4
M LA SHe RS A 5 R | 22 R BB I A B T R AR T SR TR A R 8 A 1

KR RN TH LUK TR Afhe

RE SRS 5423 SCERARIRAD : A MEHS:1009-2242(2026)05-0324-11
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Abstract: [ Objective] Taking Heilongjiang Province as the study area, this study analyzes the differences and
uncertainties among various soil drought indices in characterizing drought features under different temporal scales
and soil layer conditions, aiming to provide a basis for the selection and application of soil drought indices in
agricultural drought monitoring. [ Methods] Based on ERAS5-Land reanalysis data, the Standardized Soil
Moisture Index (SSMD) , Soil Moisture Deficit Index (SMDI), Soil Moisture Percentile (SMP) , and Drought

Severity Index (DSI) were constructed at weekly and monthly temporal scales for shallow (0—28 cm) and middle
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(28—100 cm) soil layers. The indices were comparatively analyzed using the Mann-Kendall trend test,
correlation analysis, and run theory. [ Results] 1) SMDI exhibited the largest annual change rate Capproximately
—0.025/a) , while DSI showed the smallest (approximately 0.001/a). Seasonal differences among indices were
most pronounced in spring: SMDI was sensitive to local mild drought alleviation, whereas the area identified as
significantly intensifying drought by DSI was 1.5—2.0 times that of other indices. 2) The highest consistency in
drought identification was observed for the SSMI-SMP (0.883—1.000) and SSMI-DSI (0.879—1.000) index
combinations, and consistency increased with drought intensity. 3) Across soil layers, differences among indices
remained relatively stable; at the weekly scale, the drought frequency identified by DST was 1.1—1.8 times that of
other indices, while at the monthly scale, that identified by SMDI was 1.2—1.6 times that of other indices.
Moreover, SMDI exhibited the longest mean drought duration across different time scales and soil layers. 4) Each
index demonstrated distinct advantages in sensitivity and stability: DSI showed relatively better overall
performance and can be recommended as a primary indicator under similar climatic and soil conditions; SSMI was
the most robust with the lowest false alarm rate; SMDI exhibited the highest sensitivity and is suitable for early
warning; SMP showed relatively lower sensitivity. [ Conclusion] The applicability of soil drought indices in
agricultural drought monitoring is influenced by index formulation, temporal scale, and soil layer differences. A

single index cannot simultaneously achieve high stability and sensitivity, whereas the combined use of multiple

indices can reduce uncertainty in drought identification.
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Table 1 Classification of drought levels for different soil moisture drought indices
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Fig. 4 Consistency ratios of drought identification among different soil moisture drought indices
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Fig.5 Drought frequency and duration of different drought indices under multiple temporal scales and soil layers
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Fig.6 Spatial distribution characteristics of mean drought severity under different drought indices
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Fig.7 Temporal distribution and duration comparison of historical drought events and drought index identification results in

Heilongjiang Province from 2003 to 2021
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