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Fig. 1 Spatial distribution of different climate zones and

meteorological stations in the Yellow River Basin

3 MIRFAE
3.1 Al HER R L

SSIZ: 1R SPIME &4 2, HF FH 38K 0 0 B
RS BWEIEAS BT A A [R] A X Aol 52, 1%
BEO TR .
F 3K N BRI AR R EBF (x) N
F(x) =j:f(x)dx (1)

DB ] 9L dak 4% A0 DX R I B BATT, K 1970—
2017 4555 H 3K i BRI A pR B F (o) TEAT B 1
ARAL TR A P=1-F (%), 24 P<0. 5H}, W = /=2InP

co+ W+ c,W?

SSI =W - (2)
1+d,W+d,W*+d,W*
¥ P>0.50,0W = /-2In(1 - P)
2
SST =—W + co t e W+ ce,W (3)

1+dW+d,W +dW
Kb woh LS KRR Bt Bl P oy BRUG



106 N ERERIT

% T NS B ,=2. 516, ¢,=0. 803 ¢,=0. 010, d,=
1.433.d,=0. 189 .d,=0. 001,
3.2 UFRREbE

Ho5 7 05 SPHE B A% T 5 5 UM
oL, AR 5 5 Ak s 2 A Tz g
H, BEEA, REZFHMEHZTENILET
Br T 54T R H T 5 rh R BT R R T
FRREE A R EE Y AR =R TR
{5 (R=0, R,=-0. 5, R,=—1) #E 47 T R F 5], 2
RFAR AT - D SSTHE A WAL T R, BE R, brid
ZH RN T A 0y s QF 5 2L L SSHERCKR T
R, BIAE, WA IN T 52 #2575 #5 SST AR T R R, X
] HAFLERT A 2 1A A WIBGHZH T 2hrid ;@
X ) B /N T4 T 1A A ST R F 4, Bk H
R,<SSI<R UG IF Ry oo — T b f s Ty 56T
B AR 1 B ) 3153 T SR A i ] 5 1 R A0 3
ST R A8h0 5 R, BIE Y 7 25 EA TR AR
3.3 W ARTE AL

SR S S i A R 3 5 5 ] e IX R UK
GE R I 23 S A, 1 SR A A 4, BELAS IX AR
IR RFLL K e R, 45 SCR A ETCCDI Y 4 i
(R 17 W i A B (5 1) b 480 A IX A o < A 2R
ST I, HAE A e S S0k
3.4 ZHZE 2571 (ANOVA)

ANOVA (Analysis of Variance) ] T/ & 45 th
RIAR 15 5 AR G 22 (8] B sl A L 0GR 2 e A

ﬁ%r‘?ﬁu)ﬁy’;ﬁ\: E /Eiﬂ‘jx”izl ’27 T, /%gbzlé\ji
220 (4):
Var(total) = Var(y) = Val{(y - ixl) + ix,:'
(4)
HEARIER -

Var(total) = Var(z + le) i=1,2,-n (5)
i=1

Var = Var(xi) + cov(t, xi) + cov(xi,x/-) (6)

(i=1,2,+n;j=1,2,+n; and i #)

PRI, 285200 PR 3R o, o DR iy Y BTRR A -

2026 4F
Contribution, = 7\[{“ ( i ) (7)
* Var(total)
F1 MHSIEEH
Tab. 1 Extreme climate indexes

fapR AR B

Rx1day e K— H oK mm

Rx5day KT H oK mm

SDII 5K /K H 5 mm
R10 SRR H d
R20 LN N d
R95p A e H d
R99p Mg H d
R95pTOT TR H oK L %
R99pTOT Mg S H &K E ) %
CDD TSR AL d
CWD R PRI RS AL d
SU N N d
TR R KA d
TXx NS T ONIEL C
TNX TS ONIEE c
TN9Op W d
TX90p W H d

4 HERE5iTiE
4.1 R[RAESS KA T 5 0 s 2 i AR R S A
4.1.1 AR[RESEX AT 5 B AR AL RRAE

F B R 43 1 8 AR IR T )
1970—2017 4732 H A% W -4 F oK s e 8k, 4354
T 2R RO T 2650 45 8 WK 2, iiE 20T
DL Y B i 3 [) A fie IX 22 1 T) RO AR+ 5
TEFFE b (v AR AL HA — s AR (ED 5205 5 %
AR FEARF IR 1995 4F 2 1if , 45 B ] RUEE T 4oll
TR (RO | T 1995 4F 2 J5 s Aol +
5 R R W AR, SSUR(E T R/TE /N i
FRBE VRIS K A AR — 0, BV E AN I AR £k 1 3R
B AN A % SR T Ak T R



PIAO A T A

THASRRAE S H IR S LR A 5T 107

el
4
E
=

I

75 1985 1995 2005 2015
b)m:

L] I'W

75 1985 1995 2005 2015

i ] R

1975 1985 19{95 2005 20]5
c)C[:

IR

75 1985 1995 2005 2015 =
RS

Ea‘l‘kﬂRlﬁ

e)E[X.

o I
E] 3 T
L -
1975 198519952005 2015 :
2)GIX. h)le
B2 FAESESXSHERE(.3.6F1290H)RILTFE
ERERENTLRE

Fig. 2 Temporal variation patterns of agricultural
droughts in different climate zones at multiple time scales

(1,3,6,and 12 months)
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Fig. 3 Spatial distribution of M-K test for agricultural
droughts in different climate zones at multiple time scales

(1, 3, 6, and 12 months)
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Fig. 4 Spatial variation patterns of agricultural drought
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Research on Spatiotemporal Evolution Characteristics and Driving Mechanisms of
Agricultural Drought in the Yellow River Basin
JU Yongsheng', WEI Yong', HU Anlong', LI Huiyong', GUO Aijun®
(1. Economic and Technological Research Institute of Gansu Electric Power Company, Lanzhou 730050, China; 2. State Key Laboratory
of Water Engineering Ecology and Environment in Arid Area, Xi'an University of Technology, Xi’an 710048, China)

Abstract: Droughts occur frequently and are highly destructive in arid and semi-arid regions, and their spatiotemporal evolution
becomes increasingly complex with climate warming and intensified human activities. Conducting research on the spatiotemporal
evolution characteristics and influencing factors of agricultural drought in major grain-producing areas is of vital importance for
responding to food crises and supporting the development of characteristic agriculture in the arid regions of northern China. Therefore,
this paper took the Yellow River Basin in arid regions, semi-arid regions, and the transitional zone between humid and semi-humid
regions as an example and used trend test, run length theory, and standard soil index (SSI) methods to reveal the spatiotemporal
distribution characteristics and evolution laws of multi-scale agricultural drought. 17 extreme climate indexes and analysis of variance
(ANOVA) methods were used to quantitatively reveal the impact of droughts. The results show that as the time scale increases, the
frequency of agricultural droughts decreases, but the duration and intensity of the droughts significantly increase; The degree of multi-
scale agricultural aridification has undergone a significant change around the 90a. Before 90a, different climate zones show an overall
trend of warming and humidification, while the trend has been opposite since then, and severe agricultural droughts are concentrated in
this period. Meanwhile, from the upper reaches to the lower reaches of the Yellow River, some extreme precipitation index detection
values show an increasing trend, but the extreme temperature index has the opposite explanatory power. The spatial differences of
extreme climate indexes will exacerbate the spatial heterogeneity of agricultural droughts over multiple time scales. As the time scale
increases (from SSI-1 to SSI-12), the likelihood of extremely severe or extreme droughts increases significantly at the 95% confidence
level. At different time scales, the contributions of extreme precipitation and temperature indexes to agricultural droughts in various
climate zones vary significantly. Among them, Rx1day and Rx5day are the core driving factors, and in some regions, their explanatory
power for multi-scale agricultural droughts is as high as over 90%. These research results provide important practical guidance for
optimizing agricultural production distribution, safeguarding food security, and developing drought early warning systems and
countermeasures in China’s Yellow River Basin.

Keywords: agricultural drought; spatiotemporal evolution; driving mechanism; extreme climate index; multi-factor analysis of variance;
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