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Region difference of yield variability of winter wheat in Henan province
based on temporal clustering and its response to climatic dry and wet vari-
ations

HUANG Jin, WANG Jin-qi, ZHANG Fang-min
(School of Applied Meteorology, Nanjing University of Information Science and Technology, Nanjing 210044, China)

Abstract: Based on the data of yield per unit area in 17 cities from 1988 to 2017, the spatial division of winter
wheat yield changing modes in Henan province was carried out by using temporal clustering. On the basis of extraction of
climatic yield, the responses of winter wheat yield to climatic dry and wet variations in different regions were explored by u-
sing standardized precipitation index (SPI). The results showed that Henan province was divided into four sub-regions
(western area, central-western area, central-northern area and eastern area) by K-means clustering based on the difference
of temporal characteristics of yield per unit area. The level of stable production, increasing production and high production
of winter wheat was higher in central-northern and eastern areas, while the risk of climate disaster loss was higher in western
area. The SPI in February had significantly positive effects on the yield of winter wheat in western and central-western are-
as, while the SPI in May and SPI in December had significantly negative effects on the yield of winter wheat in eastern and

central-northern areas, respectively. Winter wheat yield in western area was more sensitive to climatic dry and wet varia-

tions.
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Table 1 Definition of temporal characteristic indicators and the loading corresponding to each principal component

FRIRITH £zt el
PC1 PC2 PC3
GHRHE Min(5/IME) 0.51 -0.33 0.82
Max (I KAH) 0.51 0.59 0.90
Average (FYIE) 0.52 0.37 0.98
Range(#42) 0.14 0.96 0.30
STD (b 22) 0.23 0.98 0.35
CV(E 57 HD) -0.14 0.85 -0.32
WHEARIE  Z Statistic(Z BEit it , Mann-Kendall JES 0K 56 h R AF #a 3 8 2 M A48 67 ) 0.93 0.36 0.66
Sen’ s Slope(Sen’ s R AL RAH AL AL 0.51 0.92 0.46
H Index ( BRUTHFFE R, A 8] 7 5 Fp 2tk 55 ) 0.86 0.32 0.71
WHRHE  CIMFI[ 4 SRS/ IO IMF LR IR 435k ) 1 7 22 BTk ] -0.90 -0.07 -0.63
CIMF2[ 4 Z RS S R UL IMF2 (P IR %404 ) 107 22 5ok | -0.57 -0.49 -0.21
CIMF3[ 54 2SI/ 3R B IMF3 (KRR 20 ) Y7 22 BTk | -0.84 0.08 -0.29
CTrend[ 55 2B /RAREUH Trend GEFSM L) 147 25 5Tk | 0.98 0.17 0.60
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Fig.1 Spatial zoning of Henan province based on different clustering results
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Table 2 Temporal characteristic indicators of winter wheat yield in different regions of Henan province

K <kg%12> <kg]%2> (ﬁ;ﬁ% <ﬁ§}’ﬁi€z> ST (G 2 Suisic ki/erf Lfngl?p; L
X 1 1861.0 4812.0 35363 2951.0 796.0 22.5 4.2 62.2 0.7 26.9 5.8 3.4 63.9
Xk 10 25543 5098.1 4023.1 2543.8 710.1 17.8 5.2 63.3 0.8 16.8 4.4 2.4 76.4
[X 33 1T 35928 7154.0 5770.9 3561.2 1048.8 18.3 6.9 111.5 0.8 2.3 2.6 1.1 94.0
[X 35 IV 2118.3 6855.2 5091.3 47369 1416.1 27.8 6.5 138.1 0.8 11.2 2.6 2.5 83.8
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Fig.2 Inter-annual variation of yield per unit area and climatic yield of winter wheat in each region
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Table 3 Correlation analysis between climatic yield of winter wheat in different regions and monthly standardized precipitation index ( SPI)

AT RS & T SPIAHSC R EL

S SN (i eS|

10A4 1A 124 1A 2 H 3H 4 H 5H
Xk 1 EEMD -0.09 0.08 -0.06 0.47 " 0.65* 0.35* 0.18 0.20
LA A -0.07 0.17 -0.12 0.44" 0.62* 0.21 0.20 0.24
Logistic pR%{ -0.07 0.14 -0.11 0.45* 0.61™ 0.22 0.18 0.22
HP 8 -0.06 0.16 -0.13 0.45* 0.60** 0.20 0.20 0.23
ESo Al EEMD 0 0.01 -0.11 0.28 0.54™ 0.36 0.04 0.17
kMg 0.02 0.05 -0.14 0.25 0.54 ™ 0.30 0.10 0.18
Logistic FR%X 0 0.03 -0.11 0.23 0.52* 0.29 0.07 0.17
HP &3 0.02 0.04 -0.12 0.25 0.53 ™ 0.29 0.08 0.18
X3 I EEMD 0 -0.10 -0.50*  -0.16 -0.18 0.02 0.12 -0.27
e eanlE| 0 -0.15 -0.33 -0.15 -0.21 0.04 0.05 -0.29
Logistic PR%X -0.02 -0.19 -0.22 -0.12 -0.21 0.10 -0.01 -0.27
HP I8 -0.01 -0.13 -0.45" -0.15 -0.20 0.06 0.09 -0.28
X3k IV EEMD 0.22 -0.22 -0.29 -0.11 -0.03 -0.08 -0.26 -0.38"
2 mpE| 0.19 -0.26 -0.23 -0.11 -0.05 -0.07 -0.24 -0.34
Logistic FR%X 0.13 -0.29 -0.10 -0.10 -0.09 -0.03 -0.23 -0.34
HP B3 0.21 -0.24 -0.27 -0.10 -0.04 -0.06 -0.24 -0.35

A IXIILF 2 . EEMD SESZIBISI ™ RRAE 0.01 K L RFARR; * FRIRTE 0.05 KT ERIEMA,

R4 FRMPE/NESKETEXKE R SPIE WL HINR

Table 4 Response of climatic yield of winter wheat in different periods to SPI change in key months

X sk S i SX SPI i 1988-1999 4 2000-2009 4F 2010-2017 4 1988-2017 4

X3 T SPI_2 R3O 19% B0 =25 (%) 0.940(R*=0.68)  0.640(R*=0.57)  0.080(R*=0.02) 0.660( R*=0.41)
SPI_2 (WM H (% a) -0.050(R*=0.30)  0.030(R*=0.16)  0.003(R*=0) -0.003(R*=0.01)
SPI_2 fy 7 s AR AL B A (%) -0.560 0.190 0 -0.060

X3 SPI_2 43600 19% -2 =&k (%) 0.650(R*>=0.57)  0.560(R*=0.24)  0.090( R>=0.06) 0.460( R*>=0.29)
SPI_2 MM (%o/a) -0.040(R*=0.21)  0.010(R*=0.03)  0.010(R*=0) -0.003(R*=0.01)
SPI_2 f)J3 SRR 3 B 7 i A2 (%) -0.310 0.060 0.010 -0.040

X SPI_12 FEHEIN 1% 300 = 28 (%) -0.330(R*=0.16) -0.650(R>=0.65) -0.130(R*>=0.24) -0.350(R>=0.26)
SPI_12 WM (% a) -0.010(R*=0.01) -0.010(R*=0.02)  0.050(R*=0.14)  -0.005(R*=0.02)
SPI_12 13 S 78 Ak S B 7= i AR (% ) 0.040 0.070 -0.050 0.050

X35 IV SPI_5 BRI 1% S50 B2k (%) -0.530(R*=0.25) -0.020(R*=0) -0.020(R*=0.02)  -0.300(R*=0.11)
SPI_S (A (%/a) -0.010(R*=0.01)  0.040(R>=0.25)  0.010(R*=0.01)  0.001(R*=0)
SPI_S 1) 13 s AR AL 3 By 7 i A2k (%) 0.060 -0.010 0 -0.010

XL 2
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