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Research on the relationship between Grain for Green Project and social economy

in northern Shanxi based on system dynamics model
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Abstract: Ecological restoration is closely related to socio-economic development. The implementation of the Grain for
Green Project will affect socio-economic situations. The contradiction between the cultivated land and afforestation is an
urgent problem to be solved. Clarifying the relationship between the Grain for Green Project and social economy is the basis
for realizing the coordinated development of ecological protection and socio-economic development. This study reveals the
relationship between the Grain for Green Project and social economy in northern Shanxi Province by constructing the system
dynamics model. In this study, the contradiction between the cultivated land and afforestation is the premise of parameter
conversion, four scenarios ( continuous grain for green mode, low-speed grain for green mode, cultivated land protection

mode, and intermittent grain for green mode) were established by changing the rate of cultivated land area, afforestation
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area and the investment coefficient of afforestation. The study also illustrated the impacts of four scenarios on social
economy. The results showed that (1) Grain for Green Project had a positive impact on the social economy. In each
scenario, the rising of socio-economic variables was different. (2) Although the forestry output value grew the fastest under
the continuous grain for green mode, it inhibited the future socio-economic development. Socio-economic variables were the
lowest under the continuous grain for green mode. Low-speed grain for green mode was more conducive to the harmonious
development of ecology, society and economy. Socio-economic variables such as GDP and grain yield were higher under low-
speed grain for green mode; Cultivated land protection mode could obviously increase the grain yield in the initial stage of
simulation. However, it had more positive impact on NDVI and vegetation carbon sequestration in the long run. (3)
According to the development of low-speed grain for green mode, the GDP of the northern Shanxi would reach 1841.290
billion yuan in 2035, with an averagely annual growth rate of 9.34%. Grain yield would reach 8.29 million tons. Through
the comparison of the four scenarios, low-speed grain for green mode could not only coordinate the contradiction between the
cultivated land and afforestation, but also effectively balance the relationship between socio-economic development and

forest ecological construction.

Key Words: Grain for Green Project; socio-economic; system dynamics model; analog simulation; northern Shanxi
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Relations between the Grain for Green Project, socio-
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Table 1 Main variables and equations of system dynamics model

e F AR AR A B 2% 30k
Item Main variables Types Main equations Units References
1 He DX 7 A KB GDP= INTEG (GDP Hifiifit,502.186) 10°78 [2,5—6,9]
oy .. e _ Py % ¥ H=X
> R st %ﬁf)ﬁﬁﬁ = INTEG (EERFHFERMME, 0 [2.9—10]
3 Rl = A AR Ml E = INTEG (ARl = (3 inE ,3.9513) 108G (2]
4 JsYNu| R E M = INTEG (B, 750.79) 10 A [2—3,6,9]
5 b A R IRAAF R MR = INTEG (HFbiEAAs ki 10787.5) km? [2,10,14]
6 RN REZE EAE = INTEG (IEAREIFELEE,2003.40) km? [5—6]
7 S5 R R R R =R Xx-0.009+ 5 F1x2.568-1647.84  10%t [2—5]
8 Jichegi N AR R ORI = B S /Bl T R x 10000 t/km? [2—5]
9 VTN EEERAS R AR A = 8N Hx0.092+441.865 104 A [2,4,6,8]
10 LARAH N WP E AR T =R A A %0.034+146.859 10* A [6]
e e Al = AR B A X0.098+HR B T X B
i i i WEVZERL 0 S0 boll 7= ffix0.525-80.628 10°56 [2,9]
12 A1 GDP s A¥ GDP=GDP/E A 10458/ A [6,10]
13 At B AR AR R = A A A AR AT AT 10T [9]
14 AR 3 MR AT R AR B = [ R R B o AR i M R AL 10%5C [6]
q 14 = A N _
15 RHAMEA e DS PRAS A COPOIGHRIIIRAC e 0 (5,910
.002+0.099
16 ol [ e BEENAR R RO R = Y AR A X 0.008 +# M T A x0.004+7.086  10*t [3,7]
17 IH— Bl FE % WBhAE R NDVI=HE#E M %% 0.003+0.442 / [4—5,8]
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x2 HHER BAOSRELAFEEALR
Table 2 Regression analysis results of cultivated land area, total population and grain yield

Aebr i 4L

R
Non-standard coefficient PR AR A
N S Standard t R? P
WIFE bR
Estimate Std. Error
“# & Intercept -1647.842 147.732 — -11.154 0.923 <0.01
HEHLTE AN Cultivated land area -0.009 0.210 0.999 12.252
BN Total population 2.568 0.008 -0.087 -1.066
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Fig.2 Dynamics model of Grain for Green Project and socio-economic system in northern Shanxi
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Fig.3 The system test of key variables in the system dynamics model from 2002 to 2019
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P RIBIEZI N 10.44% 74751, FA A B REGUEER/IN T 10% (% 3) .
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Table 3 System sensitivity analysis of key variables in the system dynamics model from 2002 to 2019

BAO GDP B K% AR 68 A %
75 Adk Total population Growth rate of GDP Afforestation investment
Ttem Variables
SM+/% SM~/% SM+/% SM~/% SM+/% SM~/%
1 S 4.42 4.39 3.19 2.83 0.00 0.00
2 Mol H 0.00 0.00 0.00 0.00 1.43 1.44
3 AR A 3.24 3.26 1.50 1.35 0.00 0.00
4 I#] 3 B 7 4% B 0.14 0.14 6.32 5.86 0.00 0.00
5 i SEWEES 10.45 10.43 0.00 0.00 0.64 0.64
6 R 6.97 6.96 0.00 0.00 2.95 2.95
7 it T AR 0.00 0.00 0.00 0.00 0.03 0.02
8 T ARTEAR 0.00 0.00 0.05 0.05 0.90 0.90
9 L [ e e 0.00 0.00 0.01 0.01 0.20 0.20
10 A —fbAT AR 4L 0.00 0.00 0.00 0.00 0.06 0.06

SM+; 4 109% R HUZ HI{E Sensitivity mean(+10%) ; SM—: i 109% 7 {2 ¥ {H Sensitivity mean(-10% )

4 BERUSERSN

4.1 EREASEE

N T SRR FEA MR R B AL 2 B AT B0, AR s A8 B TS0, 5 A AR S SCiR S0 SHE BRI S
AT SR E . S5 2002—2019 4 LUK A4 B b 1 B AR A 23R | v bR T R %) A Ak i 35 S B0 2R A7 J5 2R 1 1
B N R 2R T G LR A B st g [ st B R A A S AR A S, T B X 2020
AERE AT RN AT 9942.53km?, T TT7E 2035 411754 A GDP /K5 2 5 350 ; Pearson FH5C /AT 45
7R S ARTE AR S B TR RS b 5 R 0 3 R A DG OC R (M R4 =-0.825, P<0.01) X i Ak 5 8k dth =2 7]
BIF & ABFSE BT PUFP 5 56 (36 4) BRI EHHK I 36 < DU 707 A1 2035 a5 H AR LRI

F4 LAFLHRBHERIE-HSEFRBBHEBREIT

Table 4 Scenarios design of Grain for Green Project and socio-economic system in northern Shanxi

YT W 1 i 2 R 3 W 4
Scenario name Scenario 1 Scenario 2 Scenario 3 Scenario 4 EESTN
T A A e . R VA N S bR References
Scenario characteristic FREHR PO AR T A R HHL [ BT AR A A R Y
H b e FRAR %
- -0.007 -0. 014 . 2
Change rate of cultivated land area 0.00 0.0035 0-0 0.000 (28]
RN TR 254. 20, 1016. 80
1016.80 508.40 254.20 o 29

Afforestation area sl [29]

i A M ;Q‘g'/\~
HRLA RS MCASE 6 R 2K 0.012 W5 Ix(1—4%)  f§5 1x(1—4%)  0.012 [30]

Investment coefficient of afforestation

4.2 TESBAILE IR 5 b

2o 3 R T AR AL SR A PR L | RSB AR MR (15 1) BRI SRR AR, (IR HE S MR (1 5 2) IR
PR AL (1 5 3) | [RIBHE AR (15 5 4) B i FA 2 80 T ARES B i AR TR B R 3> 4>
TR 210 1, AR AZERE 5 1.2 .3 20 B HRTE 2002—2019 4E AR A0, — 52 —FH40E P02
—PHE A B 5 4 2025 ,2030,2035 A2 B IR HARAR A W O Fr B AR AR TR, 1 Sl 8 21 i 7
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4% [ R it 5 NDVIAEZZ LSS 15t 2 .3 4 FE A [ B it 5 NDVIE Y 2 IR R #A 0 EASH TS
51 REWEE RS NDVI B R G T Rttt 75 2024 4R, FEw Bk R/ NP1 5 > 5 2> 5 3,
155 4 2 B AR AR S B LB TE 51.62—57.87 J1 t [ ah L Th Ak E | 5 1 LL-0.89% Y3 R 2%
T8RRI 5 2 R KR T28 165 3 DL 1. 18% AYARIS K s R Pk |- Th, 7 2020 4FiT, NDVI {5 P ik
Bl LA, 2028 AEHITE 5t INDVI {HH =, 15 5t ANDVI B &AL, 1 5% 4NDVI {HF %€ 0.610 Eamj,za%%%
B 5 SNDVI {HAE S0 K R w5, o0 0.85% , S PIB s ETHSHY IF HAE 2032 £ 2 5 # S 5 1

TR R R, A0 kKR EAARFEE R LASHE (K 4), GDP \%ﬂiikfﬁﬁ\ki@ GDP\ZQH
SUSCATE 2020—2035 47 (0] S BLZE W TR 976 2019 4F 5 B EUE 5 2> 18 5 3> 4> 18 51,2035 4F
GDP 73513k 18412.90x10%JC ,17367.80x 10° T , 16742.50% 10° JC . 15480.50x 10° I (3 5) , A4 18 K FR451
9.34% 8.93% 8.67% 8.10% ; Mll P {E 2 BUIE 5t 1> 5 2>15 50 4> 185t 3, i 5t 4 Z 3R S 8048
feirsgm , 2P B LT, A5 SN K B NERBE 5508 7.57% 6.91% 6.81% 6.52%

x5 BltRxEFETSHTNE

Table 5 Prospected variables in northern Shanxi

LTI 1553 GDMJ/ ZIM)/ ZBGT/ GDP/ LYCZ/ DYCYCZ/ ZRK/ Lszc/
Time  Scene km? km? NDVI 10%t 10875 108G 10870 10* A 10% ¢
2002 4 10787.50 2003.40 0.591 49.26 502.19 3.95 18.26 750.79 183.10
2020 4 1 10547.70 1022.30 0.614 57.38 4812.99 23.47 265.21 860.78 467.90

2 10547.70 515.90 0.602 53.32 4812.99 23.47 265.21 860.78 467.90
3 10547.70 262.70 0.596 51.30 4812.99 23.47 265.21 860.78 467.90
4 10547.70 1022.30 0.614 57.38 4812.99 23.47 265.21 860.78 467.90
2025 4 1 10358.10 1072.47 0.613 57.10 7126.34 28.68 358.99 895.31 558.09
2 10554.20 564.87 0.603 53.82 7557.84 26.15 394.45 895.66 612.95
3 11498.10 310.94 0.595 50.97 7416.69 24.88 393.08 895.56 617.45
4 10738.10 1105.08 0.619 58.88 7320.75 25.68 371.09 895.38 577.05
2030 4F: 1 10194.40 1131.54 0.613 56.92 10519.80 34.16 474.63 932.01 653.82
2 10580.70 622.64 0.605 54.39 11821.00 29.09 530.62 932.78 717.55
3 12541.70 368.41 0.608 55.18 11376.40 26.55 515.44 931.96 707.80
4 10950.00 1201.10 0.623 60.49 11092.40 28.25 492.84 931.98 672.80
2035 4F 1 10036.50 1205.09 0.613 56.87 15480.50 39.96 619.86 971.06 755.51
2 10607.50 694.87 0.607 55.07 18412.90 32.34 710.43 972.20 828.62
3 13665.10 440.88 0.621 59.81 17367.80 28.53 674.92 969.87 801.79
4 11163.60 1317.82 0.629 62.28 16742.50 31.27 649.73 970.62 774.00

GDMJ. #Fhifi Y Cultivated land area; ZLMJ ; 1R FN Afforestation area; NDVI; I3 — kA 5 5% Normalized difference vegetation index;ZBGT;
FE B [E B i Vegetation carbon sequestration; GDP ; HuIX 27 B H Gross domestic product; LYCZ: #fll = {f Forestry output value; DYCYCZ: 55—k
77{H Primary industry output value;ZRK: & AT Total population; LSZC . A &= Grain yield

PSRRI R LTSS BAND2EEAIE 3 2035 P15 5 2 nlakE s 972.20 1A, TE 2027
AEHT, R 3 M E R S, IR = 2 st 4 B 51,2027 FF 2 i w2 i E R Bl g5 3, B
2020—2035 4E (Al 5 2 AR S BT R IG AR TR & 3578 2023—2035 4R [R5 2 M B A0k 5F
e, BTET T 54.18% 18 5t 3 MO ™ L TR/ T AR &

MEL 4 R RTE BT RS AR A B R R s MR AR 1 R 2 IR BT B R SR
(A3 T e, DA 5 2 AR TR B AR T IR S 1 S R T e BRI R T R 3 TR
i AT 75 B b AL RGE R 0, R R i MR B AL A R B R KO PR R R S R R
FUPAERER AN 5L 2, R 1 SR R R IR, & 2 BRI TR R, B m 4 T KOS ok
o PR AR 2 A % ,U\ﬁ'ﬁﬂ%ﬁi KA,
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