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Evolution of spatio-temporal characteristics of grain production
in China from the perspective of arable land use
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(College of Resources and Environmental Sciences /Key Laboratory of Agricultural Land Quality and Monitoring of

Ministry of Land and Resources, China Agricultural University, Beijing 100193, China)

Abstract In order to comprehensively consider the impact of the amount of arable land and other factors on food
production, this study used LMDI approach and decomposed the factors of arable land utilization for grain production into
4 factors including arable land area, multiple crop index, planting structure and intensive cultivation. And studying the
mechanism of changes in national food production from 1996 to 2016. The results showed that: 1) The amount of arable
land area in China continued to decrease and the spatial characteristics were the decline in the southern region and the
increase in the northern region, which had also brought a significant shift in grain production capacity to the north.
2) Grain yield per unit and the multiple cropping indexes were all the factors that promoted production,among which,
the increase in grain yield per unit contributed the most to the increase in total grain production. The decline of arable
land area and the adjustment of planting structure during the period were the factors that reduced grain production. The
results obtained from this study suggests that in the process of urbanization, the reduction of arable land is unavoidable.
To ensure food security, it is necessary not only to strictly protect arable land, but also to strengthen the strategic
measures for storing grain in technology and continuously improve the grain yield per unit and multiple crop index to
stabilize and optimize grain production level.

Keywords arable land area; multiple crop index; planting structure; grain yield per unit; grain production capacity ;
China

Wk H W 2018-10-26

HETH 2R RO A7 RS H (29018219)

B—EE . X .H LR A E-mail: 13821903920@163. com

WIRMER . TRRGR, 28, EZ N L M n R A | b ¥ A B 5T, E-mail: frzhang@ cau. edu. cn



174 bR R R R

2019 4 55 24 &

MR 22 O T RAE L I P12 K T 1Y i
. FEUARER 70 M BHbmBIRE 18,4200
N BB b T AR 2 A 5T K- i 40040,
B 3t % U5 A) A T LU L B S A B IR B = L
b R S TR TR R R A A ) 2 R, L B
2015 AFMLET A 45 R E RE E 83. 46001 Al X AMiK
FFRERFEESE I MR 22 A MU o, S 4F R R A
7 XA A S 2 AU R A2 TR s R . Bk
Lo PR 20 MR AR 7 B S JE S B, A AT
105 FI AR 3t 0] P AT 38 508 e A 77 118 52w AL 1 B T
A 3R T 4 AR A AR SR SR T SRR R
R 22 42 (R ) R

B b K FEA DR 380 MR £ 22 A B R WA BIE 5 —
AR AT 4R 2 A 5 AR 4 I AT RIS
RZEEFEAFITEET Z R SRE R LR
WFIE . AHOCHT AN R R W & 4 fhm ALY RO R
B R A BRI BOR B R AR R 8
SRR N ZR A AN I BB A R A R R TR
EA IS H R BT T7 D7 i £ 2 A
FHOG AR Mk L 4 23 BT i B AR A AT R K
8 G IR S BT 1 L B A Y 43 3 o G o A8 Y 3 A 7R
Iz RGN, EEALE OLS [ I 45 R 4 B ikt
C-D & OB AL 3 BT 1) 28 (8] 00 AR T 5 28 T A L 43
Bt A K GAEZ BRI A g Ah i 2
WAt B FOR PR 28 X M B A 7 A R AR A i 5
Mo Un b ET 5 AR OR IR A A A T R A A
JEE R YA T 1 D b DX B M S L o X TR R AR R A
JRy Y5 W) BHUASL B 7 R i ARG g A5 T AR
SR W DO B A R B XU AE
23 8] { A5G A8 7 5 A B 2000—2014 4F 4 [ B SspR
AR DX 22 S ey A A Al 5 AR AU 3 )
Gl . PR i 5 1 RE TR -5 BR BT Az A
SN TT U5 SR R B AR 0 i 24N T 3R 48 s TR
AR E AR B A T 9 A T 1) RN S AR B A 1R A
OO R BRI ST A AL BB AE R B 53 A7 . Hir
PG PR 2R 43 i A5 28 5 e 5 PR 3R 4 A 52 28 (LMD A
TSR AR R 0 Rk R T TR B A R AR R
TR Ho A G R B o0 A AR R T Oy gk A
S A R T 220 A A R A ok R ik 0 ik 1Y
AL R B A 2 R AR 22 s P
IO R AT 2 57 . %) T 46058 T LMD A3 2
R 7 0 fifp D MR B L M R A 1 % A AL 4
78 HEAE U S M DR B A 7 B A LD . 0k R

VS IO UK R A O3 i O BB A
A S5 K B8 N L Al 55 81 g Al 28 B WL i A0
A 55 2 7 2548 RN AR 28 T 2 AT PR AR
BA RIS R . B AT A B ROEE SR IR 3=
fifR AT TR 7 RE AL LB B A 2 . k. A
W58 B M 0 P DR 3R 20 A 1) 1 BE M R T 1996 —
2016 4 2[R ML AR 7= I 25 AR Al 3R R R AR R AR
{14 3 2B R A HIAL R LU O 4 ] Bk o )
PRI KRR T HRp S 7 R R A R

1 ARFTERETERIE

1.1 HRAFZ*

DL Ang 2555 4R B 0 BT ¥ 43 fifk 15 B0 AR
R E AT R R O . PR R R i o B
M AR R SRR A S R A 4
T a1 B .

Q=LXPXqgXk @D
H.Q a8 & L H#F i ; P o &2 fhds
B B A A Py 48 T AR 5 B b T AR LA R
PR R R B S A ol A 7 1) 3 BR AR B 5 g A R R 4R
BIVHRL £ 425 b 1 AR5 A AR W 6 e AR LB L SRR B
bR 45 49 A8 Ak, E 8 /N 2 7R B b IR AR AL B 52 ™
R AR B, BB B B 5 R VR 3 b i
FRZ LLAS B AR Tk b 5T o 2 3R M b R s
AR IR 95 8y R PR SRR AR A G 7 K-

PhQr R — B AR AR R B 5. Q) &
— BRI S e i, U, N R . ] A5 ]
.

InQ; = > InUT (2)
r=1
4

InQ, = >)InU’ (3)
r=1
4 T

AlnQ = > ln Us (4)
U

7€ Ang %I LMDI BRI R U, X
MR AR STk U, BE T .

T
U =W><1n% (5)
W = (Qr — Q) /In(Qr/Qy) (6)

H1 30 CO) AT 158 A 3 5 10 b R T D3R 0 ik 14
Ui BIVL, 275 Bk o 1o AR A068 K £ AR ™ 19 STk i
Us-. B P, 3278 S P45 20088 A0 MR 62 2 7 19 s ik
Us—. ]IV g, F3 BB B2 A R A2 7™ 1 BTk &



511 3

XBEAE . B A AR AR T A DR B AR 7 B 28 R AR 3 AL 175

U, Bk, FoR B 57728 AL AR A2 77 B DTk i
1.2 HiEFRIE

19962016 44 [E K& 31 A48 A7 B XM £
PR A AE )R R T B R VR A A R T A DL &
20092016 4F [ 4= 5 B b B4 ok U5 T O 6 G2 3 T4
)5 1996—2008 AT (14 B H 1 AR %K B ok VR T [ £ 5%
B o (A 1 B G 1 NG 1= 2 o WM R ¥ 2
225 S OB A7 AR BT A ST T 2009 4R LU
T 0B 5 1 A7 8 T I Y R . DU
2009 47k 1 1 BUBCHE b LA DL 2009 48 S B A b
T AR B JHL 55 55— R b 3 A A T SR 01 2 (A Sl
X SRR SEATAEAE o R B O T 087 DL i A il 1o AR
[k /D e 34, it 2009 4F DL A &2 R St 47 A IR

BABIE . WAk FPETT 1996 4 #F £k s 2k L i

CH PR T e 3 4E 5 ) O 3R
2 RO

2.1 2ERBEFTUREMERSfHF
2.1.1 AERRFEZRAY B LN F LTS
1996-—2016 47 3% [F M & 877 & 2L 7E 2003 4F
HIJE A B RKAE AL 2003 4F DL & 77 it SR &2 T B
B, 2003 4FJE IR E R B BRI ES. R
2007 AR AL 3 Z B/ 1Y 5 7 1K P IR TR Z R IR R
FRE i KA U B 7T 2. M 2004
AR AR B K ik 3940, 2004 4EEA 9% 52016 4ERY
B A FAFERAR 250 R (& D,

6.50 2145
—a— %/ J3t Grain yield
—eo— HIHb A/ T hm? Arable land area 1143
6.00
o 4141 S
2 550f = 5
N IS
I g 139 & 8
= = 5
= = =
rg 5.00 F % ég
e 1.37
450 1135
1 1 1 1 1 1 1 1 L 1 1 1 Il L 1 L 1 L L 1.33

4.00
1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016

AFf)y Year

B1 ERAFESHEEREL

Fig. 1 Changes in national grain production and arable land area
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Table 1 Descriptive statistics of grain production and arable land utilization factors in China from 1996 to 2016
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Fig. 2 Change in the contributions of factors affecting national grain production
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Table 2 Decomposition of factors affecting regional grain production from 1996 to 2016 Jit
M b A 3%
s AL, The utility of cultivated land use
. a4 4Q s SRR Fh L5 1 K
Area frEbc The change ik L. ik P, 5k q. ik .
Province  of grain ppo coniribution The contribution  The contribution  The contribution
production of arable of multiple of planting of grain yield
land area crop index structure per unit
B 3 011.90 1302.87" 167. 57 357.00 1184. 46
RILX Ak 1 390. 60 670. 92" 321. 45 —24.71 422.94
T 440. 52 328.03 —115.47 —118.57 346. 52"
o NES 1 245.00 254.15 592.07 —284.09 682.87"
FHIX
Hn sk 706. 99 301. 92 422. 44" —310.76 293. 39
— P J 24. 20 18. 20 —6.02 —16.47 28.49"
HfF —20.33 —17.54 16. 91 —37.88" 18.17
TE 112. 70 4.86 77.65 —83.95 114.13"
Hil 320. 00 65.02 53.91 —156.77 357.83"
5 R IX
5 11.00 —309. 96 174. 66 —204. 86 351.15"
L vy 241. 40 —147.04 76.75 69. 70 242.00"
Jb 5t —183.70 —57.31 —99.47" —39.42 12.50
PR3 —10. 60 —21.31 —14.91 —10. 98 36. 60"
T K Ak 670.71 —168.55 113.51 —319. 86 1045. 60~
W% 368. 00 —48. 64 47.48 —415. 22 784.37"
k] 2106. 70 0.42 799. 67 —138.09 1444.70"
LR 743. 30 —53.35 240. 32 107. 63 448.70"
e 69.70 146. 22 —59.81 —326.35" 309. 63
T ) 3t X W 251.70 136. 53 156. 38 —430.08" 388. 88
i 371. 80 56. 90 —209. 84 214. 96 309.79"
I 12. 00 —4.41 38.02 —342.80" 321.19
T 179. 80 —87.11 371.01" —202.07 97.96
Pim X P 656. 66 —52.53 578.33" —227.84 358.71
i —1012.20 —1 225.48" 79. 30 —602. 39 736. 37
PR —6.14 449. 41" —304.16 —437. 85 286. 46
FiE —127.10 —77.39" —17.56 —49. 38 17. 23
Wi —764. 60 —80.12 —525. 45" —298. 57 139.55
Fisgea] —19. 80 —9.96 —4.82 —71.75" 66. 74
KEIEIX e —301. 30 —56.27 —118.19 —258.18" 131. 35
IR —479. 00 —360.45" 172. 62 —351. 60 60.43
T 9 —10. 35 —353, 88" 248. 25 —167.49 262.77

T x R E A R R,

Note: * is the primary factor affecting grain production.
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Fig. 4 National distribution of primary arable land use factors

A1 A FH R 2R 40 i A7 50 R B B b T AR 500
TEAR A 7 rg A AR b b X2 80 [l 52 L AE AR AL LV
e X 2z . 52T RO 4 [T B &k S5 AR 7 R0
4 R 22 B0 RATBLIX W 5 Rl de B oT ek o A Horh
R0 A8 B A A2 77 SR AE B e i b DXk 3] 4
B . RHEE BN R AR 254 A8 A LT T Bl 4 B s
IR R AN 4 A48 0 B AR 25 48 PR 3R 7 AR T ] 42
FERUNE 48 R Z2 B0 I W E R BT [ R IR Y &7 /@
53k, 48 s T 3R B 0O 2R 7R )RR O T 5
AR B SE [a] 8, TC e 48 3™ K AR AR L AR] , F
PR AR AR B A PR AN TR AR B I Tk, 420 K
A7 IBC DX AR B B A A R DR 2R o i v s e Y
M) PRI o 3% B 5 7 2K 32 O 7 A 5 e A 4 [
Nz R,

3.2 itig

BARELZ2RE"ELCEmIER (BT
KA K B AL 7 B b S A R B A AR A
A5 o FH A= 25 FH b i kb 75 R B b T R Y g b, TR
I X AR T R X SF A sE L S . HAb
J5 b DA Ol — A — B AR B e s A R . 7R
FK R A T b DX AR B OK FE K A K, — RGBSR AR &

B R TE 2 I K BT IR B = M XA 3R K R T
JE 3l D 5 o AR AE B 0 X T 7 B
{FL I S il P G BRI 18 3 K B T R A A T R 2
SR 2k A5 B R R 0 R i o 25 450 A R L S
Bha i () A B 0, R s = R i 2R [
1 RS A R R AR BILIC B KR I A
Tl it 9 o0 5 Ay T 45 48 8 7 14 S B S

SRR A B RS B A B AR P BOR R E R RS L (]
Il i e Aot v B T B D /D A T i B G B
FEBE B AR G 5 A e il BIL 23 38 T ik il —
L6 3 [X 55 T A L xfE AR b 22 8 0 B e o i i B A
PRACAFAE B 5 SR 5 o #8 FOIRAS A G . 19962016
AT B RPARE 8 7 5 T B O S L O i 4 B IR RE A
T IE 18] 52 Wi B AIF 52 45 SR R W L 58 00 AR L A
X LA B P AR DR 3R 8 B R A R g 4 RO T
107 B I 4 B R B 2 e A D S B A R T
W SRR 2 4 G 4 Y T B T PR R Pl ST A R B
GARMIRKIE.

S EZL#kt References

CL] TR > 2R 9. [ AR B 1 2 3 BBR B 0 5 O 3k e it #F 5



511 3

XBEAE . B A AR AR T A DR B AR 7 B 28 R AR 3 AL

181

(2]

(3]

[4]

L6]

(7]

(8]

9]

LI] B B R 24 R AE 2 B, 2017, 20(2) 1 122-127

Yin F Y, Gong B. On China’s current situations about grain
Sself-sufficient rate and improvement of its calculating method
[J]. Journal of Hunan University of Science & Technology :
Social Science Edition ,2017,20(2) :122-127 (in Chinese)

T e A, BB, SCET. TP DR 7 IS R R T B Y
(1] FRIXHH,2017.40(6) :1290-1297

Ding J M, Yang K,Ma C H, Wen Q. Spatial-temporal evolution
of grain production in ChinalJ]. Arid Land Geography 2017,
40(6):1290-1297 (in Chinese)

T AR A R i 5 R DR R AR DG A AT L.+ Al
Wk ,2016(17) :78-79

Lei Z P. Correlation analysis of grain yield and influencing
factors in Fujian Province[ ] ]. Agriculture of Jilin,2016(17)
78-79 (in Chinese)

Pk i R SO D (O 9 1 W S T e e R A U e
Br K s 1], 255 P, 2013,33(4) : 125-131

Lu L P,Zhang J,Jiang P H, Zhang S W. Driven analysis and
trend forecasting changes in grain production in Gansu
Province[ J]. Economic Geography, 2013,33(4):125-131 (in
Chinese)

L P BRI R AR A R IR R R LT T
BIX RS HEE,2013,27(5) :14-19

Ni C, Lei G P. Dynamic change and driving force of grain
production in Heilongjiang Province[ ] 1. Journal of Arid Land
Resources and Environment ,2013,27(5) :14-19 (in Chinese)
FrtE A SRR TR 5L IR DR B SR e TR R 19 2 50 4
] #E TGS 5. 2009,29(10) :28-34

Yin S J, Wu L H, Zhang Y. Empirical analysis of the factors
influencing grain yield [J]. System Engineering-Theory &
Practice ,2009,29(10) :28-34 (in Chinese)

ST LM MR R R R AT LT . WALl B,
2016,55(7) :1873-1879

Jiao Y H, Wang H M. Analysis of the influencing factors of
grain production [ J]. Hubei Agricultural Sciences, 2016, 55
(7):1873-1879 (in Chinese)

X TR R b EURL R R = A2 e R Y TR R
TR A A B S E A3 BT LD . ORISR T R A 2 4 A 2 Bh 2
2016,34(2) :40-45

Liu H,Zhang J. A study of the factors affecting China’s future
grain yield increase: Based on the empirical analysis of the
panel data of main grain producing areas [ ]]. Journal of
Taiyuan University of Technology: Social Science Edition ,
2016,34(2) :40-45 (in Chinese)

Rt - el RS = R (AP g D S RSB A NS
[ Rk TR 2441 . 2013,29(20) . 1-10

Chen Y F, Li characteristics and
in  China[J].
of Agricultural

X D. Spatial-temporal

influencing factors of grain yield change
Society

Engineering ,2013,29(20) :1-10 (in Chinese)

Transactions of the Chinese

[10] EMEH . FRA. ET GlobeLand30 £4if v [ #f 5 M £ 2

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

P I 2 AR A AT LT L ARk TR, 2017,33(22) 1 1-8
Wang J Y, Xin L J. Spatial-temporal variations of cultivated
land and grain production in China based on GlobelLand30[J].
Society of Agricultural
Engineering ,2017,33(22) :1-8 (in Chinese)

XU AROBT R X 220 BRI, T 4. 1990—2010 4F o [¥] B Mo 22
fxd M A v g s ) . b B %4, 2014, 69 (12) - 1767~
1778

Liu L,Xu X L,Liu J Y, Chen X, Ning J. Impact of farmland

Transactions of the Chinese

changes on production potential in China during recent two
decades[J]. ACTA Geographica Sinica,2014,69(12):1767-
1778 (in Chinese)

AT &R G, AT BRI B AR T B I T SR M A Ak Bk
MR AR R A A B S [ ] Al TR 22 42, 2014, 30(21)
268-277

Hong S M, Hao ] M, Zhou N, Chen L, Lv Z Y. Change of
cultivated land and its impact on grain production pattern in
Huang-Huai-Hai Plain[]]. Transactions of the Chinese Society
of Agricultural Engineering ., 2014, 30 (21). 268-277 (in
Chinese)

ERG X5 LT AR BRZE = . e B e i S
7R R 5w PR AR AT, 2P B 2018, 38(5) 1 142-151
Wang F,Liu Y F,Kong X S,Chen Y Y,Pan J W. Spatial and
temporal variation of grain production and its influencing
factors at the county level in China[ J]. Economic Geography ,
2018,38(5):142-151 (in Chinese)

R F A 2004—2013 45 iy [EHLF AR 7 A8 3 STk R R 2R L.
WIRIT & 5173%.2016,32(09) :1051-1056

Hao R B. Factors decomposition on contribution factors to
grain output increase of China from 2004 to 2013[J]. Resources
Development & Market ,2016,32(9):1051-1056 (in Chinese)
VE R ZR VT SRR R A . B i DR 3 40 i Y VLA R
BA AR ST L) ] WAL 2 42, 2017,29(10) : 1605-1610
Wang Y L, Wang J, Shan Y J, Zhu Y W. Study on grain
production in Zhejiang based on factors decomposition of
cultivated land use [ J]. Acta Agriculturae Zhejiangensis
2017,29(10):1605-1610 (in Chinese)

SEVEVE L BB PRE . TR A AR 7 I e A R AR AR
T FHE R Z o A L], WIRIT & 513%,2017,33(10)
1183-1187

ShiY Y,.Li M,Lv X, Chen C L. Evolution of temporal-spatial
characteristics of grain production in Rizhao City of Shandong
Province: From the perspective of factor decomposition of
arable land use[ ] ]. Resources Development & Market, 2017,
33(10):1183-1187 (in Chinese)

GV B LR VL T5 A AR AR 7 I s A A B Bk R T R R G A
[J]. %A ,2013,35(4) . 758-763

Jin T, Tao K L. Factor decomposition and temporal-spatial
variation of grain production in Jiangsu[ J]. Resources Science ,
2013,35(4):758-763 (in Chinese)

G V. P B A i s A R R R IR R LT, A SR B iR



182

hoE R R

2 4k 2019 4F 45 24 %

[19]

[20]

[21]

[22]

[23]

[24]

#4%,2014,29(6):911-919

Jin T. Effects of cultivated land use on temporal-spatial
variation of grain production in ChinalJ]. Journal of Natural
Resources ,2014,29(6):911-919 (in Chinese)

G B AR VLR R R P A A 0 B s R R Ay LD &
PrH e, 2011,31(11):1886-1890

Jin T.Lu J F. Factors decomposition in regional disparities of
grain Province[ J .
Geography,2011,31(11) :1886-1890 (in Chinese)
XU G235 JA T, im0 s S b DR A A AR A B AR
IR A AT L) ], 25 b FE . 2014,34(8) :125-130

Liu Y.Meng D, Zhou Y B, Gao B B. Contribution factors to

production in  Jiangsu Economic

grain production increase based on gravity center model and
LMDI model in Beijing-Tianjin-Hebei region from 1990 to 2010
[J]. Economic Geography »2014,34(8) :125-130 (in Chinese)
Wk R L 2 B L 5 AT o EDRRE 7 AR A Y B 2 PR 3R e s ]
a5t sE )] R - BRI PR, 2016,26(9) - 72-81

Yao C S, Li Z T, Yi X. Driving effects of grain production
spatial ChinalJ]. China
Population Resources and Environment ,2016,26(9) :72-81 (in
Chinese)

change and its differences in

Ang B W,Zhang F Q.Choi K H. Factorizing changes in energy
and environmental indicators through decomposition [ ] J.
Energy,1998,23(6) :489-495

AR, Je AR BT LA o B R T SRR A A
JHEBHEFELT]. A AR BT I L. 2009.24(8) : 1366-1377

Zou J, Long H L. The variation of farm land use and the
security pattern of grain production in China since 1978[]].
Journal of Natural Resources, 2009, 24 (8):1366-1377 (in
Chinese)

VEVE . U D Al AR SR8 T B TRk b AR T IE /9 R B A2
FFE BT ] b [ b 24, 2008, 22(12) : 46-52

Wang Y, Wang B, Ma C, Zhong X L, Cai Y L. Study on the
multiple cropping index based on revised cultivated land area in
China[ J]. China Land Science, 2008, 22 (12): 46-52 (in
Chinese)

TR I A% 2E L TR T R Al B R A A L A LT L 4
PR BB A B, 2013,30(2)  100-104
Zhang Y Q. Yang Z S. Comparative analysis of two
investigations of land resource in China [ ] ]. Scientific and

Technological Management of Land and Resources ., 2013, 30

[26]

[27]

[28]

[29]

[30]

[31]

[32]

(2):100-104 (in Chinese)

AR 4 2 R bt R A R W RE PR BT SE LT L A st R, 2009
(36):50-53

Huang H M. The second land investigation data reliable
research [ ] |. Beijing Agriculture, 2009 (36): 50-53 (in
Chinese)

WRENZE , By /N6, 05 A6 A7 S 2. v [ A0F 3 9 U 55 L £ 3 7 0
15 Hi LI 0. th E AR ,2016,49€06) : 1117-1131

Chen Y J,Yi X Y,Fang L N, Yang R Z. Analysis of cultivated
land and grain production potential in China [J]. Scientia
Agricultura Sinica ,2016,49(6):1117-1131 (in Chinese)
J7 . 2000 SRR AT ZHEH ST K 2001 AR JRELT ] R WA T
ERL,2001(1):9-12,42

Fang Y. Analysis of rural economic situation in 2000 and
outlook for 2001[J]. Macroeconomic Management , 2001(1) ;9-
12,42 (in Chinese)

XV IR MG 52 S0, 22 1E [ L i Bk 3T 30 AF b B R AR 4 Fil
R G5 B 23 AR A AT L) . 332 4R , 2016, 71(5) :840-851

Liu Z H,Yang P,Wu W B,Li Z G, You L Z. Spatio-temporal
changes in Chinese crop patterns over the past three decades
[1]. ACTA Geographica Sinica, 2016, 71 (5): 840-851 (in
Chinese)

X B R ST DR B A i A A% R B A B B Ak R s R
BriJ]. H Bk e 9% 5 91 &, 2009,28(1) :1-5,16

Liu Y S, Zhai R X. Spatial-temporal pattern changes and
optimal strategy of grain Production in China since 1990s[J].
Areal Research and Development , 2009, 28 (1):1-5, 16 (in
Chinese)

5, HEF MODIS NDVI/EVI 2 Ui 7 B & Fh s 5 [ =
FA MG [ D]. B At B {5 B LA K2, 2017

Zhang T. Correlation analysis of Ningxia multiple cropping
index based on MODIS/EVT and climatic factors[ D]. Nanjing:
Nanjing University of Information Science &. Technology,2017
(in Chinese)

W RN AT AR TR R 7 R A X A0 AR Al R B
FIA R[], AR . 2009,24(1) :58-65

Xin L. J, Li X B. Changes of multiple cropping in double
cropping rice area of southern China and its policy implications
[1]. Journal of Natural Resources, 2009, 24 (1): 5865 (in
Chinese)

FrEm A XA



