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Abstract

Corn is one of the crops most significantly affected by climate change, a characteristic that is particu-
larly pronounced in the ecologically fragile eastern region of Inner Mongolia Autonomous Region (re-
ferred to as Eastern Mongolia). Current research on the impact of drought changes on corn yields in
this area remains insufficient. This study characterizes drought using the multi-timescale Standard-
ized Precipitation Evapotranspiration Index (SPEI) from 2001 to 2020. It combines the China Crop
Dataset-Maize (CCD-Maize) with statistical yearbook data to obtain corn yield per unit area across
counties and banners. Subsequently, a five-year moving average method is applied to extract climate
yield, followed by an analysis of the correlation between corn growing season climate yield and
drought. CCD-Maize) and statistical yearbook data to obtain maize yield per unit area for each county.
A five-year moving average method was then applied to extract climate-yield relationships, and the
correlation between climate yield during the maize growing season and drought was analyzed. Re-
sults indicate: (1) Drought duration in eastern Inner Mongolia exhibits westward prolongation and
eastward shortening (4~8 months), with intensity decreasing from north to south (0.74~1.08). Drought
frequency generally increases from the central region toward both ends (17%~46%). (2) The five-
year moving average method yielded a mean climate yield standard deviation of 0.90. The series ex-
hibited stable interannual fluctuations around zero, indicating this method effectively isolates corn’s
climate yield. (3) Pearson correlation analysis revealed the following ranges—Sowing period: —0.280
to 0.611; Silking stage: —0.191 to 0.585; Maturity stage: —0.185 to 0.528. Overall, correlations during
the entire growth period were relatively weak. Comprehensively, moisture conditions during the silk-
ing and maturity stages exerted a more significant influence on yield.
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BRI 7O EE AR, RAFEUE TIE2]. WZE G EIBX AR A IR ERAR “3maE oK
w7, KPR R E LR 30%, FE4ED ESZOR B 2 U7 T B B [3]. AR, iZMX RO
FE BRI TR A, S UEEAICABUR 4] TR, T 525 SR ba m 2 gt — 2 mE 7 =gk (5],
A8 T KA 7 T I B g P PR XSS, 0T DX IO £ 22 4 ) BT 8 BB 6] o

AR, B N 412738 B G B0 AR B B 52 T & 1 K E R 7T . Zhou 55 25T~ SPEI #E4UA1 Logistic
BET7, 38T 1 ZRAEH X FOK A K =T R (I S AR AR, 25 53R B0 SPET fg 5 vHEfff 1 S BT 5255 oK
SAEFERERIRM[7]. Pefia-Gallardo £53E 138 E B /EY) P & R F 4 M B 5 R s T K2 &0 T 5 1
MR, LERFH, TREILLIN T RENBUK[8]. Hai S57F 32 E 4 5 b X I T Nosk i b HE Ak Bk
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DU 1, FARMX ARG DURTE . M. BT ARIET, 2 FIb4 43°13'~49°40'. K&
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Figure 1. Overview of the study area. (a) Geographical location map of the study area; (b) Elevation map of the study area
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M. RPEE . WEmILHE. SO, e e i, TIE). B ELE R, 23t 19 MEEK
el o 1% B0 I A T LS 2001~2020 4F 3L 20 4F. TR BEHERET (FE VR SHEL) (%
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2.2.3. BRI HHIESE
[ FORFIE A B R R SR A T 2001~2020 4F . 73 [8] 73 FFR N 30 oK. B[RSy 8 K1) 4% B R oK Ff
fEAE, 7R E 22 AN 32 B R ORPE A 0 (B 46 K IR https:/doi.org/10.57760/sciencedb.08490).

2.3. ARGZE

2.3.1. SPEI 5%

SPEI #& H Vicente-Serrano %5 N fll%E, 5 RE T HUR [ /K AL 28 UM Gt 04 . B BA ZHF A RED)
RE, AT DUBE M3 RS P R R, FE AT DLUE A I AR T R A TR AN g [ 14]. KHE (K%
T 5459 GB/T 20481-2017) [15]. SPEI T5254% 5 W4 1.

Table 1. SPEI drought classification
= 1. SPEI FR2FHX 57

TRER SPEI {8
5 SPEI> 0.5
22 ~1 <SPEI<-0.5
H ~1.5<SPEI<-1.0
Hi ~2.0<SPEI<-15
5 SPEI<-2.0

MRPE IR A ERA A W TR AE TR 3%, IFE S SRR TR SEPRAE RGO, WL 2,
FRAEFHRI T WF .

Table 2. SPEI values corresponding to different growth stages of corn

® 2. ERAEEBEHAXNHY SPEI B

AHPE I [ Y SPEI {H faI K
A 4~5 H 5 A2 A R SPEL{A SPEI-2imay
1E42 3 5~7 1 7 A1 3/~ H R SPEL{H SPEI-3yuy
A 7~9 A 9 A1 34 A R)E SPEI A SPEI-3sep

ELEFH 4~9 H 9 A6 >H R SPEI{H SPEI-6sep
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A TSI AT B T AR 4, P S S BT A9, IR ) B 11y
OEBRICTE L, B2 IR R T o S, T T IR S RBENL T4, LB K0
FASHFAE[16], AR T :
%Zk:Xn_Haj:1>2,“',}’l—k+1 ?)
A, i =k | RTATRI kHBKIE, RO, n IR ASCRE I 1999-2022
SRR, DL AR R R AT 3 4R, R & S SRR 5 SRS

2.33. IR RBRERT

FruEAL = B ik 22 7 %) (Standard Yield Residual Series, SYRS) H1 T AN 5] 1 [X 5 AS [7] i 81 (1) 6K = B 248
AR AR ES, N TR EA T, TR RP ST Z-score brifEfbALEE, M Bk
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PRI RN A FEYE[18]. HFREARIT:
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KT BRI T BN TSR B, SFH Pearson AHIC AT 732, tHE FAH [ 11]. ARWTF:
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S (-7
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A, x, N3 P SPELE; X ABTFU [RIBCA ISP EE Sy, 958 @ SR TR B 5w v s
I 18] BLIR P24

3. RO
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Figure 2. Spatial distribution of drought duration, drought intensity, and drought frequency during the corn growing season in
the eastern region of Inner Mongolia from 2001 to 2020
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Figure 3. Sequence of SYRS average and standard deviation of corn climatic yield in the eastern region of Inner Mongolia
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3.2.2. (BB B ARSI

WRAE 5 FIF B 9E > BRI U% ™~ B(SYRS), W& 1 ZIuiZ B RIS, DoE o0 32 3 ik
R0 PR . W72 3, DAFLSRARMERIBLRIOA AT NG, Adrel %, Bk, il BB 857
EZRBEY S SFET B R EFEMRK R (P <0.05).

1E 4~5 H, FLSRFFIE EZZH] T 5 H ) s A0 0 5 M 5200 (—0.285), i RHRINAT B ATIENISZ 4 H
A) H R R SR 11 29(-0.206) . 7E 6~8 H, WIHBIYAZE] 7 H SRR AR R I 2 I 50808 (FL R IE
—1.275; BURILA BATIE-0.814), RBLT /K Wria itk . FL3RFrESR T 6 A7 £6RE(0.863),
MRFRICA BATHEN 32235 T 6 H & 8 J3& B MR AR (R AR IR 2 1E RN 9 A Mt R I H — 8k,
VAR ZE O (LR T 0.195; BURINAT B ATIE 0.591)i8 i (R Bk kLl K 4R = . 4 Bk, 54
PR B B AR &, AEMBER AN TSR RN NTERRR.

Table 3. Parameters of the maize climate yield model for Zhalaitu Banner and Horqin Right Front Banner

3. LB EAR R A RATEER SR BRI S Y

i 1EAHR UIVEES
KL T EVEEEs KEHT EVEEEs
5 AR AR R 0.635 5 H Ay AR —0.285
FLIRR I 6 J1 H i %y 0.863 7 H _EA)REK -0.277
9 A NI e AR 0.195 7 HIB e R -1.275
8 H Ay fI il 0.493 4 J1 b A) H 2 -0.206
BHRICA BT 9 BT EE 0.591 7 BT ECE -0.814
6 A _EARLIR 0.747 7 H RIS AR R —0.504

33. EREKFESETESTRENEXMSH

FIF Pearson MHRAHTIRTT T AFAEF B SPEI 5T KSMFEF=E(SYRS)IR R . WK 4, #EFHMER AR
$9-0.280~0.611, KEFHIIX SIEAHIE, [ WAl v AN 7K 73 IV e o5 At o 46 22 JHAH O¢ 250 T-0.191~0.585,
Ko X RINIEA DG, FL2E BRI HAR DS AR, el B s = s UK, T2
SN A e SRR R . BRI RBUN-0.327~0.481, ZS[E 0 T, RILESCHE B IR 7
A S A o S R S 7 R S R R o AR B AR RECN-0.185~0.528, £ Hluth X AH G R A
BEKT, SRR E BT RRG = BRI G R . 25 BRIk, FE2 ARSIl 2 5 R EKZ T
B R e R S (R B, T R A A 0 i O 2R DR I ) 2 T 2
4. Wig

SARAR T SR B A 190 &R T 0 A SR A KA BT U RE A [19]. ASHIF T 45 R
R, FEZERMIX, ORI T 00 N AFCE B BB BEE 22 R A5 B 5 10 22 A eI 1 R v
BRARTENEE, WS T RIS A 555, R - HET I BUEAR MAR N K EG IR,
N2 ZRERAAE — 2 LK R E #ME, 38 /K 55 L e 3 T 38 Jok M A K A ) 5 B3 2 R b
DR A% BT o0 e = B AR A IR . AT S, AR 223 A X B KT AR 22 . 28 B SR IRE
TR, — BHBITR, EESNREES AR, T REE R KA S RIS B
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Figure 4. Correlation coefficients between SPEI and climatic yield for maize across different growth stages in the eastern
Mongolia region (a~d represent sowing stage, silking stage, maturity stage, and entire growth period, respectively)

El 4. RRMBXERTEEKFE(a~d D7 ZIBFEA, ELH. AL E FH) SPEI MSIE~EMHEX R

JRFASI R 7K 73 26 A 2 B IR 6 G W R 35 S AN AN A WL A B IS I R RO TR . SKAR ST
FEARHT, SIS A 73 iy e S A PR 3l v T A - SR, B BOK T R IR DR L 46
FLA RGOS, JFHI S ZEAT B2 ECRE ), TR IRFF R KT [22]. S SRR HE, XA
Bk B ARSER T 7~8 ., (HEERRBEIECR, M0 (L B 2 B BUE K 7 5 ke AWETEH, AR
#AIY) SPEL 5 U7 AR v R BT 5 R AR B 2 (1 IX IR B O RRE IR DR, 1 MM T =2 Y R 7K 73
FAEX PRI A B KA, FATKE IRl TR ke, mERRT 5K
PR LS S A B K BEAOULACARE , FEAI TR AE — s SR A R UF AR P2 8], AR 22 1945 R
5 SR oy L R AR O L E A AR T, O B AR RO W B R RN, XS S R 5 A
i T RO A B B BOT- AR B SR AE ORFF— 2R [ 7]

WEFE ORI AR T R R BRI, (E R 25 8 H AR s Ul SR S R eV I - Al
RWEFERIT, 75 LK™ S A b K RO 2 R AR LR PE G &R, S BE I S kAT B T8, Herp e
Bek 7K 5 FE R TR P AR R AR 1 R 3R (23] el S TR B R B A A A SRR R, @
BUEV RO AR R RGE AR T, Rl A THAE T I i RE R R R AR, (RIS fepiii a2 1 n i
YKo TR, IR SR E A AR & [24] . B6Ah, BAAE AR X SR (¥ AR g e Y, St
DR A 1R 1R B WIRIEAER], SO0 KK R R PE IR SRR IS ThRE, WK S FRr
BB ft AR RS KIS IR0 IR, TSI T JoK ™ B [25]

ST S, AHIETE A B B B2 3 A0 XSOt LEE PRSI TR GE T 17 58 R oK 7= Bt 1 5 SR Gk 1
FISCHEMINIIA ST, RUIEZ R FIFEERINE ST, KA A 1T H1 2012 X TR A ) 5 25
FIRBNH T2 — o AHIFCR A7 X E TR ML DR S5 A SR R 22K W, o A S 58 X A
AUEAALTS SN e R A S R R E RS

5. &g

ARSI F o [ 0K 3 ) 3 A B AR L T S R X FOK M I S R A5 R, S e iR S8R
ARHL 2001~2020 4B A FOK B P41, FF R TR b s I EGE T 552 15 (8 RUBE SPEL 45 # LARALE
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(3) Pearson /MR T T K= B 56T T 00 B 5 35 (P BEPE 22 5%, TR 223 2B A0 — 50U IE AR 56
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