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Fig.1 Grain yield in China and its locational gini coefficient
from 1990 to 2011
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Table 3 Spatial correlation test based on spatial weight matrix

) e e H Yo XA T
1990—2011 4% 1990 — 1997 4E 7 1998 —2003 4EAR 12004 —2011 4 7Y AR DB

PP R R R XY
Model about

Model about

R =N
S(tﬁtd—t'g Model during Model during Model during Model during Model a.t:}(: ut " province with province with
austies 1990—2011 1990—1997 1998—2003 2004—201]  Province Wi greal p ianced grain  insufficient grain
surplus grain
supply and demand supply
M%Eﬂ HIRER 8.3600™" 13.0346™ 10.5819"™" 0.8651 1.3298 0.2393 8.9242™"
%% LMerr
fb B H A 442523 77.1257"" 14.6203™" 11.8752"™" 24276 0.0631 16.1546™"
5 LMsar
LR M%‘“ K 13.7060"" 23.8683"" 1855317 1.8406 2.6017 0.4474 13.0552""
Lratios
o
Moran *‘fﬁ 0.0702"" 0.1454™" 0.1512"" 0.0374 -0.0662 0.0202 0.1351"
Moran's I
Wald 1t Walds 88.1233"" 166.1461" 93.9646"" 4.1435" 7.0575™" 0.4615 61.1045™"

TN

*RE MR IRTE 10% 5% 1%HIKF LR, T,

Note: The signs ‘*°, “**’_and “***’ mean the related variable is significant at 0.10 level, 0.05 level, and 0.01 level respectively. The below is same.
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Table 4 Estimated results of the influence factors of grain yield change during each stage

1990—2011 4EA
Model during 1990—2011

1990—1997 4
Model during 1990—1997

1998—2003 £EFE Y
Model during 1998 —2003

2004—2011 4EAHI
Model during 2004—2011

i AREEN SRz ARNEEN SNz WEEM RN R ZE N
’ﬁij%ﬁﬁ HeOosmmEEs AMEEg FWEEd SeEEdn FWEEg SREE AT R % i) [ 2 2
Variables and AR AR AR AR AR AR AL AR

statistics Spatial lag Spatial error Spatial lag Spatial error Spatial lag Spatial error Entit ﬁﬁ;e d Spatial error
plus spatial plus spatial plus spatial plus spatial plus spatial plus spatial effecty model plus spatial
fixed effect fixed effect fixed effect fixed effect fixed effect fixed effect fixed effect
model model model model model model model
C - - - - - - 2869.870" -
X 1.643™ 0.874"" 1.9717" 1.356"" 1.400" 0.955" 0.297 0.235
X 274.812"" 223.793" 545.657"" 526.222"" 348.274™" 271.401" 82.193 88.288
X -0.110™" -0.101"" -0.122"" -0.112"™ -0.099™" -0.098™" -0.069™" -0.069™"
X, 0.482°" 0339 0319 0.257 1.136™" 1.059™ -0.344™ -0.374™
Xs 72,9317 30.075 151.216™ 91.463™" 32.643 29.201 -122.450™ -119.275™
X 552.893"" 346.157" 277.524 -69.057 1107.423 1321.874" -101.709 -142.981
X 0.595™" 0.611°" 0476 0.382"" 0.187 0.308" 0.614™ 0.588""
Xs 0.078""" 0.060"" 0.117"" 0.123"" -0.193"" 02117 0.186"" 0.199"
Xo -0.028 0.038 1.047™ 1.470™" -0.171 0.009 -0.066 -0.042
Xio -1758.922""  -1396.534™"  -1842293""  -1652.631""  -822.156"" -538.443" -1475.775"  -1307.3717
Xy -598.146" -422.464" -570.534" -401.703 -3132.884™"  -2642.882""" -1197.080" -1515.271"
23 )3 i 1]
I 2 % 20236 - -0.236™" - -0.236™" - - -
W*dep.var
ERRER . 0.077" . 0.005 - 0.117" ; 0.146™
4 spat.aut
Wald 1t Wald 99.528™"" 99.528"" 109.212" 109.212" 42367 42367 97.106™" 97.106™
o ﬁimﬁ - -4247.045 - -1394.301 - -1063.316 -1421.424 -1418.559
log-likelihood
SRIUP N EAY Y B
*"&Wf L 0.981 0.987 0.994 0.996 0.993 0.995 0.996 0.996

R
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Table 5 Estimated results of influence factors of grain yield change among each type

L 2ol S [R5 ) N
oot e X PRPTRICBUE B Y A
1990—2011 4FA3E7 - ... Model about province with . AR .
. Model about province with : Model about province with insufficient
Model during 1990—2011 . balanced grain supply and .
great surplus grain demand grain supply
A 54 2 AR 220 AR ZE N
Variables and e e A3 VT 2R vy RN I = P2 1) g ey 2 (A [
vt Al e FRIER g WEE wmenc FUER wieso wamapon IR
RERLR Mixed MT‘ RER e RERLR N REBE Mixed MT*
Entity fixed regression S;iatla e:rolr Time fixed e r:;:ion Time fixed re rg;:ion Time fixed regression Spl>atla e?()lr
effect model model plus spatial . ¢r o ts model g effects model g effects model model plus spatia
fixed effect model model fixed effect
model model
C -29.226 41.126 - -3161.084" -2308.021™"  179.052 470.013"  -391.865"  -254.999" -
X 0.943™" 25517 0.874™" 1.946™" 1.978" -2.386"" -1.779™ 0.324" 0.299™ 0.270"
X 247.118™" 391,512 223.793™"  958.668™"  984.570" -11.098 133.838 103.7417° 122535 146.756™"
X -0.102"" -0.077"" -0.101™" -0.183™" -0.1717" -0.063™" -0.062™" -0.077"" -0.078"" -0.080""
X, 0.328"" 0.428™" 0339 0.254™" 0213 0977 0.883"" 0.497"" 0.469""" 0.850""
Xs 40.778" -28.666" 30.075 359.368"  318.570™"  129.495™"  115.821"" 18.782" 13.133 5.053
Xs 318.734"  1203.776™"  346.157°  -1021.083 -1043.035" 1942918 1829.722"" 228494  -213.934" 69.944
X; 0.603"" 0.226"" 0.611"" 0.155 0.149" 0.245™" 0.239™ 0.587"" 0.621"" 0.726""
Xg 0.061"" -0.009 0.060"" 0.090"" 0.108"" -0.073"" -0.080"" -0.079""  -0.098"" 0.036
Xo 0.035 12727 0.038 0.547" 0.504™" 4936 4.958"" -0.2917" -0.313™ 203117
Xio -1480.494™ -1 606.707" -1396.534"" -3097.669"" -3 204.359™" -2 665.531"" -3266.054"" -192.856" -366.276"" -279.593"
Xu -466.185"  -611.327°  -422.464"  1128.538 418.384 482440  -862.392"  291.521 221.785  -592.274"
Wald {8 Wald ~ 99.528""  99.528™"" 0.538 0.538 1317 1317 1.461° 1.461°
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Spatial-temporal characteristics and influencing factors of grain yield
change in China

Chen Yangfen, Li Xiande™
(Institute of Agricultural Economics and Development, Chinese Academy of Agricultural Sciences, Beijing 100081, China)

Abstract: Despite high attention to the stability and increase of grain production and market supply by Chinese
government, grain yield in China has been undergoing a great fluctuation during the past decades, which could be
a big challenge to national food security. This paper thus analyzes the spatial-temporal characteristics and
influence factors of grain yield change in China since 1990 from the aspect of evolution stages and main types.
Statistical indicators and spatial econometric models for panel data are introduced, which are supported by
Geodata, ArcGIS, and Matlab software. It shows that the growing process of Chinese grain yield has three stages,
namely stage 1990-1998, 1998-2003, and 2003-2011 respectively. Meanwhile, provinces in China can be
categorized into three sets according to different supply-demand relationships, which are provinces with surplus
grain (PGSG), provinces with balanced grain supply and demand (PBGSD), and provinces with insufficient grain
supply (PIGS). The three separate types vary every year, with different provinces included each other. Roughly
speaking, the grain production status of eastern provinces, central provinces, western provinces, and northeastern
provinces is decreased, weakened, enhanced and strengthened respectively. In 2011, the PGSG, the PBGSD, and
the PIGS distribute mainly at North, Middle, and South China respectively. Among all the factors that influence
grain yield, the land factor has a significant positive impact, changing from strong to weak. It indicates grain
production in China is increasingly dependent upon factors that contribute to per unit yield, such as technical
progress, capital investment, etc. The labor factor brings an effect from positive significant to insignificant then
negative significant, reflecting the change of agricultural surplus labor, rural labor structure, etc. The impact of
different types of capital input varies as follows. Definitely, agricultural infrastructure investment, represented by
irrigation facilities, has a strong positive effect. As a kind of labor saving capital investment, the total power of
agricultural machinery brings about ‘positive to negative and positive again’ effect; the chemical fertilizer input,
as a representative of agricultural materials, follows the law of diminishing returns to scale. Besides agricultural
production factors, agricultural structure adjustment, non-agricultural industry development, and random error
factors of neighboring provinces also influence the actual yield. As to the three separate types, the driving
mechanism of grain yield change differs significantly, including the impact of agricultural production factors and
that of macro environment. It is the mutual result of both internal law such as diminishing marginal returns and
scale effect and external factors such as government regulation. Taking into account the above different driving
mechanism, it will be meaningful to promote the regional division of grain production among the PGSG, the
PBGSD, and the PIGS, to protect a large-scale arable land resource with a special priority to the project of arable
land consolidation and protection in PGSG, to change the focal point of financial support and land consolidation to
improve the efficiency of agricultural infrastructure, to solve the scarcity of agricultural labor by measures such as
the cognizance of agricultural producers, and to promote agricultural mechanization with an emphasis to plain
agricultural area, and which in all will help stabilize and increase grain yield in China.

Key words: grain, models, agriculture, economics, spatial econometric models for panel data, yield, influence
factors, China
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