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Table 1 Variables of effect analysis on agricultural productivity
and cultivated land change in Northeast China
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Scale  Equation  Variables Meaning Label
1 PrHb T AYhm? area
2 SRHORH B B RS B hm? cfb
3 B ) bk /5 B RS B Ihm? cfg
it 2,3 YR (°) slope
R 23 R T THAR EA51/% splain
Grid 13 HAHSL AER)FEK i /mm rain
scale 13 ERRIRITC temp
1 e gﬁi,m A= agr_prod
2,3 XA 41 BRAE Sk 7 B /m d_pvc
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1 R IEZ2ZIWIIUN lor
3 VA INEERITIN s_apop
2 BN pop
Bk 1 HEBHL M0 k
i 1 PRIt st fertilizer
C)r?lﬁ:ty 2 sk %leﬁi‘%ﬁ?’z/ﬁﬁ invest
scale 3 RN E poverty
3 AR grain
23 JE& =\l GDP/JT It nagdp
3 7=\l GDP/JT Tt agdp
1,2,3 TRMP M G 3R nybt
123 IE BB tghl

e D LR B % 7 1988 4. 1995 4. 2000 4. 2005 4 4 H]3E
BRI 20 PR v P R A2 FE A 1988— 1995 4R, 1995—2000 4.
2000—2005 4= bt [ it 5 Y MU RS T ARER: . 3D B i b 2 M P 5 1 41 1988
—1995 4. 1995—2000 4E. 2000—2005 “FEHHh i bR F HUEL B HIR L 4)
ARy AR L)L R4k GDP F13E— ™). GDP R il 5 —
WA Al i A B % da PFEACE . ) sRIBTTRR I L AR k™
DA, 2 AR ) B R IR, 3 AR ) MR/ R b e R i T
Note: 1) Land use data are interpolated from the remote sensing data in 1988, 1995,
2000 and 2005. 2) The amounts of cultivated land converted to built-up area refer to
the area of cultivated land that was converted into built-up area during 1988-1995,
1995-2000 and 2000-2005. 3) The amounts of cultivated land converted to forest or
grassland refer to the area of cultivated land that was converted into forest or
grassland during 1988-1995, 1995-2000 and 2000-2005. 4) One-period lag term of
agricultural productivity, proportion of agricultural population, second and tertiary
GDP, and first industry GDP refer to the average value in the past four years. 5)
Equation 1 refers to the process of agricultural productivity, equation 2 is the
process of cultivated land converted to built-up area, and equation 3 is the process
of cultivated land converted to forest or grassland.
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Table 2  Effect coefficient and its significance of agricultural

productivity model in Northeast China
¥ M1 iR2 A3 4 RS JitE 6

Coefficient Eq.1 Eq.2 Eq.3 Eq.4 Eq.5 Eq.6
a 0.825 0.862 0702  0.468 0.491 0.549
a P 30227 28777 1836 1062 9547 11.53™
a 0299 0402  0.331 0.362 0.097
a It P {4 5877 7727 6647  7.067 1.84"
a 0.194  0.184 0.199 0.189
as i P 1 644" 6457 5427 559"
a 0.251 0.293 0.214
as It P A 9.16™ 10407 7.98™
as 5.886 10.359
as ) P {1 1.03 1.977
ag -0.409 -0.756
as It P {H 0.93 1.86
a -6,663.438  4,602.453
a; I P 3.09™ 2.317
ag 591.349  -408.781
ag ) P i 3.08™" 2.317
ag -0.358
ag ) P {H 7247
ap 0.222
ao ) P i 410"
ap -3.986  -4.193  -4375 -3.702 18,745.737 12,914.497
a P 11797 11.097" 11877 1042  3.08™ 2.307
R? 0.55 0.56 0.58 0.63 0.65 0.70

T xR ORIOR 1%, 5%M1 10% M 45 B AP, R
Note: * significant at 10%; ** significant at 5%; *** significant at 1%, The same
as below.
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Table 3 Effect coefficient and its significance of model for
cultivated land converted to built-up area in Northeast China
¥ AL A2 R34 IRs iRe  TRT
Coefficient Eqg.1 Eq.2 Eq.3 Eq.4 Eq.5 Eq.6 Eq.7

b, 0.878 0791 0711 0776 0611 0442  0.426
by [f) P { 17.68™" 16597 12,92 1351™" 12.73™ 9177 894

b, -0.044 -0.046 -0.042 -0.021 -0.015 -0.014
by ) P {5 3.14™ 3267 3.04™ 184" 144 1.29
bs 0.207 0228 0238 0059 0057 0.059
b3 [ P {H 43277 4747 4997 1.48 1.55 1.61
b, -0.210 -0.197 -0.207 -0.152 -0.121 -0.118
by ¥ P {5 755" 7.04™" 7.44™ 665 566 555
bs 0.084 0118 0.052 -0.001 -0.013
bs 1) P {E 2877 388 209"  0.05 0.56
bg -0.162 -0.210 -0.152 -0.145
bg 1) P i 355" 538" 413" 4.00™"
b, 0.444 0314 0.286
by ) P {H 167777 11.09™ 9.92"
bg 0351 0414
bg [ P {H 9.23™" 1017
by -0.193
by ) P {& 3977
bo -7.417 -5964 -4599 -6.179 -10.179 -8.418 -8.195
bolf) P { 11.48™ 973" 5967 6.997 13297 11.44™ 11.26"
R? 0.37 0.54 0.55 0.56 0.71 0.75 0.76

e (CD)FRE W, TR
Note: The t-1 variables means the one-period lag term, the same as below.
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Table 4 Effect coefficient and its significance of model for
cultivated land converted to forest or grassland in Northeast China

E IR T2 iRR3 iiR4 JiFES5 JifRe rfRT
Coefficient Eq.1 Eq.2 Eq.3 Eq.4 Eq.5 Eq.6 Eq.7

a 0.748 0682 0819 0871 0.858 0.618 0.620

P 173777 15577 15747 18.207 20.817" 10.86 10.56
C -0.282 -0.313 -0.260 0.036 0.074 0.074
c, P A 461" 518" 4687 078 068  0.68
Cs 0453 -0449 -0.488 -0.188 -0.103 -0.103
c3 [ P 1K 8577 8667 10.24™ 4677 255" 255"
Cs -0.144 -0.137 -0.149 -0.083 -0.071 -0.071
C4 I P i 8547 829" 083" 6807 6147 6147
Cs 0.161 0020 -0.155 -0.154 -0.154
cs [ P 1H 466" 058 52277 548" 5487
Co 0.456 0.400 0312 0.312
Cs I P {1 10.26™ 10.617" 7.88™" 7.87""
¢ 20905263 19154.21119130.330
c; i P A 9.94™ 9.28™ 9.24™
Cs -1862.270-1705.946 -1703.824
cg I P 1K 9.96™" 9307 9.26™
Co -10.159 -14.234 -14.161
Co Y P i 155 2257 223"
C10 0.724 1038 1.033
C1o I P 1 142 2127 2107
cu -0.026 -0.025
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Analysis of influencing factors of agricultural productivity and cultivated
land dynamics based on simultaneous formulas in Northeast China

Jiang Qun'ou>?*3* Cheng Yuwei', Xue Xiaochan®, Deng Xiangzheng®**, Chen Lixin®, Nie Chengjing®
(1. School of Soil and Water Conservation, Beijing Forestry University, Beijing 100083, China;
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Abstract: Northeast China is one of the major grain producing areas in China. However, issues are current outstanding, such
as decrease in land productivity. Therefore, it is significant to carry out researches on mechanisms of cultivated land dynamics
and agricultural productivity in Northeast China. In this study, we quantitatively analyzed the relationship between the
endogenous and exogenous variables of three key regional ecological processes in the study area, including agricultural
productivity, conversion of cultivated land to land for house or building, and conversion of cultivated land to forests or
grasslands. The simultaneous equations were used in this study, which was based on the data of land use, natural environment,
meteorology, location, traffic and socio-economy. Quantitative analysis was conducted from several aspects such as population
size, society, economy, policy, location and natural conditions. The results showed that socio-economic factors played a
decisive role in the agricultural productivity in a short period, and agricultural population growth and the role of input factors
of agricultural productivity were also significant. In addition, policy was one of key influencing factors as well. Although the
policy of Grain for Green has negative effect for agricultural production, it was noted that the policy of Grain for Green can not
be terminated because environmental protection should be also considered. Air temperature and precipitation were also
important for agricultural productivity, but they produced negative effect after reaching a certain level. In the process of
cultivated land converted to building area, rapid urbanization and economic development were the main reasons, while
investment in capital construction had no obvious effects. Therefore, population size and economic development were the key
driving factors, and the amount of cultivated land converted to building area increased with the lagged agricultural productivity.
This indicated that most of the expansion of building area was converted from fertile farmland, which had a high productivity,
and it was one of the problems of urbanization and it needed attention. Geographic conditions and policy were the control
factors, and the region with large slope and low plain area percentage had less conversion from cultivated land to urban area.
Moreover the policy of Grain for Green also controlled the conversion from cultivated land to building area to some extent.
The process of cultivated land converted to forest or grassland was mainly influenced by the key variables such as proportion
of agricultural population, terrain slope, location and traffic condition, policy, climate and so on, while topography, whether
was the major grain-producing county, agricultural productivity were not significant. First industry GDP promoted the
conversion from cultivated land to forest or grassland, while second industry GDP and tertiary industry GDP had negative
effects. The larger the proportion of rural population, the greater the increase of cultivated land converted to forest or grassland
was. This suggested that larger proportion of agricultural population made more agricultural population liberate from the
agricultural production process, and increased their revenue by the forestry, animal husbandry, fisheries and non-agricultural
industry. Therefore, it was necessary to handle the relationship between population, economic and agricultural productivity
correctly, so as to protect cultivated land and its supply functions, support functions and regulation functions and guarantee the
quality and level of human life. These findings will provide important reference information for land use planning and
cultivated land protection.

Keywords: land use; models; grain; agricultural productivity; cultivated land change; influencing factors; simultaneous
formulas; Northeast China



