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Effect of Climate Change on Maize Yield in Maize Growth Period
in Heilongjiang Province
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Abstract: Agriculture is directly related to human survival. The stability and sustainability of agricultural
yields is the key to agricultural development. Climate factors not only provide material and energy basis
for crops, but also restrict the effective implementation of agricultural technology. Taking maize as the
main research object, based on the long-term meteorological observation data in Heilongjiang Province,
the Mann-Kendall analysis method was used to calculate the variation trend of precipitation and
temperature in maize growth stage. The variation characteristics of precipitation and temperature
( maximum, average and minimum temperatures) in maize growing season were revealed. And the
principal component analysis (PCA) was combined with the standardized precipitation evaporation index
(SPEI) , the characteristics of regional dry-wet changes in the corn growing season of Heilongjiang
Province were revealed. The results indicated that the changing trend of precipitation in Heilongjiang
Province was not significant, but the changing trend of maximum temperature, average temperature and
minimum temperature was significant. The changing trend of wetting was mainly concentrated in the
northwest and southeast of Heilongjiang Province. The changing trend of drought was mainly concentrated
in most areas of Heilongjiang Province from east to west. The meteorological production of maize was
mainly affected by SPEI3 —8. Dry and wet conditions SPEI3 —8 in June — August were the main factors
affecting maize yield. Compared with precipitation, temperature was the main factor affecting the yield of
maize in the growth period of Heilongjiang Province. It provided reference for rational planning of regional
water resources and optimizing agricultural planting structure.
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Fig. 1  Study area and distribution of stations
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Tab.1 Changing trend of climatic factors in Heilongjiang Province

i R K 2R FARAR e S i A R K it -1 AR RARAR B AR
] 1.97 2.55 -0.78 2.28 Je Ak -0.68 3.07 2.53 2.57
I 31 -0.86 2.55 1. 60 2. 64 @ik 1.16 2.69 2.35 1.84
BT -0.74 2.83 2. 66 2. 64 By -0.86 3.05 2.82 2.84
I -1.02 2.61 2.17 2.31 A 0.17 3.24 2.49 3.46
dt% 0.01 3.13 2. 64 2.83 i 2 -0.51 3.31 2.94 3.46
w1l 0. 81 2.95 2.30 2.43 et -0.68 3.37 2.11 2.90
GE 0.03 2. 64 2.21 1.65 N IR 2 -0.54 2.49 2.31 2.59
3 305 IR 0.38 2.40 2.37 1. 60 38 3] -1.67 3.12 2. 64 2.95
e -0.56 2. 40 2.37 1.60 ik -1.67 2.72 2.86 3.01
A K 0.72 3.02 2.31 1.52 X P -0.34 2.88 2.42 1. 60
& -0.10 2.86 2.76 2.84 ek 0. 82 3.35 2.55 3.42
B -0.77 3.92 2.29 2.73 HE T 0.11 2.28 1.97 2.18
E S 3 0.16 2.43 2.04 1.44 2353 1.08 2.42 2.24 0. 46

T 49 O 2 A 3t DXL 8 B[R] R 4
AR R BB, R EH R,

FORAEFWIN, BRI T4 25 1 X I 2 47 B %
JKAEAE 164.8 ~1004. 6 mm 2 [&], [ 7K 2 [6] 73 A A
FoT, RARAR SR Sy e R g TR K R A R, AR R I K
TR, VYRR RN B R K /o AR AR K
LR 6—9 A, 5BREITEWEREIY G . £
IS TR, B A ER A M AL BR , (o T 2€ il IX
4 SR e LA T K AR A 0T A 4%t DXl e 2 A 2 0
KHAEBR R & T 2R 1.

2.2 ET SPEI6 ) ERIFRBRESHT

WA A AN L T R 1 e T IR B, 2 Rkl
JEE 11 B PR DR 2R, PR b xR K 5% 9 T 3 DF A
Wi R P A ARDAR R . O T E R ITA T
KA TR DI 8 AE LR AL, 2 T TR A R 4
AT, e AR 4—9 I RUERY SPEI6 fifi ik X S A 13
ARA o T % 2 B0 B i 0 K A 0T A A%
ML SPEL6 HEAT 3] 73, K A AR L 1 28 Ak 45 ik 19
s e R s A Y ) e QR M T N
TR BT 2288 70% UL b AR, gk 2
JiR, B 2L T 70% B, gk B R4 R 5 A
FR A B o L 1 K A SPET ¥ 471 Rl H X
IO ) 5 32 18000 B8 R SR A, e XA 8 g A B

R2 WSAHEMAWEBEAFE

Tab.2 Explained variance of the first five principal

components %
F 5 Ji 2 Rl
1 24.37 24.37
2 16.55 40.92
3 16. 06 56.98
4 9.24 66.22
5 8.53 74.75

AR - DX ] AT S 1) 0] 43 B R T e A 211 1
ER T 0.6 BN A FER, Bt , I Arcgis H 1Y
R A R VA AE S B R OR Al 2 R .

WE 2a.2¢.2e.2g.2i BN, 328050 50 B 200 28
RN IR NG R NS N | S & N i
SATXI(E 1 ~5 TR, WEFH T MR& T X
B TR AR B, et T4 T X A 1
XF DX TR AR B #E AT T 43, an &l 2b.2d (21 2h
2j iR . TEEKAEFT AN, LB FZEE G
TER VLA VAL A AR 7 &8, B e VLA A 2R 10 76 K
o X B R T R, TR LR IE AN
i) P BE 2 T 28 e V04 52 4% 1 L TR SRR AR 52 ), R
TLAE P A AF 32 807 V4 g XU AR e XU g XA 52 ), o7
FAREEHR A Lk, 7 b 0 K 2% 2 0 1 JikoRn AR
JEFB A 7N D422 W 11y kRt 3k 26 B AT XA B e 4 T il
A5 e AR L X A S R K T I S L M A
375 1) b DX, I S v S D b X B8 7K R X 5, TRk
TE RN 2a 2¢ 26 2g .21 T /R (1 B 6 V148 A R 19
MR ARACRHE | 328053 70 B i BRAR 47 HKs FR OB VTAR 43
5 AFIX I, PR, 78 8 TR R LR B ok AR
1 P9 ) 7K R SRR B N 32 43 T Rk T X
2.3 BB ISESKTEMEEA SPED KiEF

R 28 e VA8 3 K A B A T B o R, i o
U Bl B8 o B T R R ) B R R B R R R
FEEEE G T R R R R T R R
SPEI #F 47 A8 & Pk 43 B , B 58 1961—2016 4 £ K A=
HWIW SPELIE A AL Z MM C R, W E
KA B A2 B B B A i 8 BOR A K432 4 A B
B A B AT I 22 | 2 R R A
22 - A, RACHIX EoKEH fE 4 H FAaj# S
RAAHEATRE R, T L AR B HT 0 B ROk B AR B R



258 4k Moo 20194
% 2
3 N -
z W®E Y
?}4 1 |f| X * t + t ,‘|
ity AT
:g poun{ S ﬂf: T x!*:,l "‘ lll: i ’¥
@ g 0 W
z 5 el T \ b [T \
A AR T AR B AT
“1t u
g ! i T
3 Y ¢
& 2L . . . . . .
4 . . . ‘ . . . , 1960 1970 1980 1990 2000 2010 2020
122°F 124°E 126°E 128°E 130°E 132°E 134°E 136°E Ay
(a) ST KB TR AR (U ARAE (b) H1F IR T A T
z
3 N ol ?
z W%E ¢ t 1
a3l oAy gt oo
] I \
g_ - l’ ||“||f It[’;::*?*“fx F :‘\
s =] Vol ! # Iy f‘ l\ | f
o & 1*" Lt Ty, ! 1 Y
S r ,‘ll \lnl"‘: ey iy
]
MR b AR SR IR
& FIAE wo
e Py
7 | m05-0% 2, l . . . . .
J{m>06 ‘ o~ ] 1960 1970 1980 1990 2000 2010 2020
122°FE 124°E 126°E 128°E 130°E 132°E 134°E 136°E Epy
(o) B2 T XA TR AR ALARAE (d) H2F X TR ke
z
b3 3
z L
] iR !
) 1k 1 $’0 I x Y
z LW et Mo
s 1 o' 1 R #yr tr toy
= ot o T 31 ! LA
z 7 1y ! | X3l
% | ¥Uouk ! ey
z i Uy
g 2t 4
3 6 v 7060 1970 1980 1990 2000 2010 2020
122°E 124°E 126°E 128°E 130°E 132°E 134°E 136°E A5y
(e) B3 X TR R RRE () B3PI TR A ka2
z
3 3
z 2r
- ty W5 !
1+ 1
IS VLN LAY
= of 0“{ ¥
e 3 Sy B Y
< —1F x x
z
2 =21
Al N . ‘ . . ‘ .
3 . . ‘ . ‘ . ‘ 71960 1970 1980 1990 2000 2010 2020
122°E 124°E 126°E 128°E 130°E 132°E134°E 136°E RO
() BBAT KI TR AR LARE (h) H4F IR TR #a
§ I 3r
v
o L
(3 T t t
- 1 ‘I ? '"‘ 1 fe ”r
z i |
3 pu 'Afi:‘lxxf ?\:*\,‘ \{VQ 1 g1l
= 0 LAGRETS| + b "v| L
& 7 *1 w Ty v : v“i If"“" i
¥ -1r RS R oy Y
Z | ] ‘ L’X‘ ll
$ -2t ‘
o . . . . . . .
3 B . . . . . . S37T9960 1970 1980 1990 2000 2010 2020
122°F 124°K 126°K 128°E 130°E 132°FK 134°L 136°K Ay

(1) B5 T XTI AHE
2

() BBS T IR TR R L

1961—2016 4R 5 e 5% 17 28 (1~ X 380) FIAH BL Y SPET6 £ 51

Fig.2  The first five rotary loads (sub-region) and corresponding SPEI6 series from 1961 to 2016



59

B A AU A B IETTAE AL R 0 K B R R 259

3—5 H,H SPEI3 -5 %R, FARMHEAET Ak,
JITLA -k 2 AR EORkAEE W 5—7 AL A
SPEI3 —7 /R, Z R IA—VES I, X L F oK A4 &

0 0.5

-0.1 04
] ]

A -0.2 $ 0.3

7H< i A 2

= 0.3 s 0.2

-0.4 0.1

"~ SPEI3-5 SPEI3-7 SPEI3-8 SPEI3-9

0
SPEI3-5 SPEI3-7 SPEI3-8 SPEI3-9

6—8 ] SPEI3 — 8 KR, nk 22— s 2, %) B
FRAFTH 79 A, M SPEI3 -9 £In. AR EXK
A SPEI3 B AR R C R WAL 3 R o

0.5

04

ﬁ 0.3
3K

= 02
=

0.1

0
SPEI3-5 SPEI3-7 SPEI3-8 SPEI3-9

SPEI3 SPEI3 SPEI3
(a) BIRIE (b) FFFFIEIR (¢) HAHT
8-/31 0.5 0.5
: 0.4
0.2 03 04
& O ‘ e
W 0 SE% 0.2 ;;@4 03
2 03 % o 2
g s 02
Z 03 =g 0 = 0
-04 N |
-0.5 : 0.1
0.6 -0.2
-0.7 0.

|
SOOOOS o000
ANNPE W=D =Wk

-03 L 1 1 L
SPEI3-5 SPEI3-7 SPEI3-8 SPEI3-9
SPEI3
() M7

" SPFI3-5 SPEI3-7 SPEI3-8 SPEI3-9
SPEI3

(g) &

09 SPEI3-5 SPEI3-7 SPED-8 SPEI3-9
SPEI3
(i) B

[ 3

0
SPEI3-5 SPEI3-7 SPEI3-8 SPEI3-9
SPEI3

() RIR
0.6

0.5
& 04
W
W 03
g
=02

0.1

0 SPEI3-5 SPEI3-7 SPEI3-8 SPEI3-9
SPEI3

(h) 24k

0.6

SPEI3-5 SPEI3-7 SPEI3-8 SPEI3-9
SPEI3
(D RH%Be

R T RO R
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Tab.3 Regression analysis of meteorological yield of maize and SPEI in Heilongjiang Province in 1986—2016
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