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Decision—making mechanism and simulation of non—grain use behavior of farmers on terraced fields based on
MAS

HOU Li, PEI Tingting’, CHEN Ying, XIE Baopeng, XI Ruiyun

(School of Management, Gansu Agricultural University, Lanzhou 730070, China)

Abstract: To explore the operational logic of farmers’ non—grain use behavior on terraced fields, this study based on Multi-Agent System
(MAS), combined field surveys and multi—scenario simulations to investigate the decision—-making mechanisms of farmers in terraced field
utilization in the Longzhong and Longdong regions. The results indicated that the intrinsic mechanism of farmers’ decision—-making in
terraced field utilization was primarily aimed at maximizing economic benefits, with household resource endowment exerting a stronger
constraining and guiding influence, while the external natural, social, and policy environments provided additional incentives or
constraints. Specifically, the weight ratios of internal and external environmental variables in the three study areas were 0.486:0.514, 0.575:
0.425, and 0.538:0.462, respectively. The decision—making behavior of farmers in terraced field utilization in the Longzhong and Longdong
regions showed a trend dominated by non—grain use with grain production as a supplement. The final decision values for non—grain use in
the three study areas were 0.852, 0.842, and 0.942, respectively. Farmers in the study areas exhibited spatial heterogeneity in their
perceptions, feedback values, decision values, and main environmental variables regarding different terraced field utilization methods. In
multi-scenario simulations, grain production incentive policies had a significantly positive impact on increasing farmers’ decision values
for grain crops. Market saturation of non—grain uses could effectively curb non—grain use driven by economic crops and attract labor
backflow, thereby effectively alleviating the phenomenon of land abandonment. Finally, targeted strategies for optimizing the pattern of
agricultural non—grain use were proposed to provide references for promoting sustainable rural development.

Keywords: non—grain utilization of terrace; farmer; behavioral decision—making; Multi-Agent System (MAS); Longzhong and Longdong

regions
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Figure 1 Overview of the study area
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Figure 2 Conceptual framework of non—grain decision—making of farmers’ terraces based on MAS
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5 RBEL TS T AN e A SRIREE I 52, AL E
43974 0.189,0.189,0.135, MR UGS IR, 1% X KL &
VEY) 5 2 Fe VYRR A L 248 3 4, J2 e HE o 7
FEAEYI R 54 E BT . AR T 5
HL ik Z VEBR I , 4 P R BEEAR B VE YD 2 K iz B
A TR B LA b, SERRAE A SRR BRI T fig )™ Ak e
KAV IVED, IR R o 5200 X2 4 7
o6 FH R O SRS A 50 B P9 R A 52 725 i T A 35
KIELTTA LS K BE ST 8 1 NEOR H SR 855 B oy
B4 0.213,0.277.0.170, Z XM EIEY) L FED .
P23 A H ) R BOCN 0.53:0.17:0.30, SEHbiH A &
P, 24 b 37 S AGE PRI ] 24, AN BRI i R 2 28 T 1
Yy, 1 R0 AR 2 i AU R E P LR R O
L, 95 8l 2 1) B e WA 2% 10 850 37t 2, e 40 55
TR, LA TR = A2 5% U4, I 22 3t B A7
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PRI 7 3] P R BE AR R R R AN AR

(2) AN IR A

MR 24 3K (2) ~ (6) THEE AR P P 3 55 728 o Js A
BE($3) . ANEXI R P A& R 7 BN
TEHNEAFAE R ZER . WX 1RF K2 T
(CC) By JE 20 B - ¥ (5 (0.230) B & & THREEY
(FC)(0.137) . X 24 A XHE T (AF ) By B - 34{E
(0.257) fe /5, X FC AN CC A4 AT BE AR 30T, 43391 0
0.202 F10.196, ZEWR G A& 7 78 3 T R 4 oA ok 36
AR —E AU o X 3 4% PN CC IR (0.273)
WEE T FC0.078) ,3X 5 X 1 WS AH{L , i — 2Dk
JA T 2B E Y SR I e 2 B I AR FE R P e R Y
FEANE, 25 b AR P G RE TR BLRERAN b Xl
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Table 3 Perception of internal environment variables

Vi FEGSRITH NG ZHBTF LR BME e U E2E A
BE A RE N AW TS R KBRS LG, fuc  Pamer RETE ST BIE S R R Sl
3, PSR R AR P A TORIR 1B SR A s ik fE I 0043 0232 0173 0157 0.146 0.068 0.068
B PSR A% D Br. FEL TR g H) 2 0169 0333 0.149 0.144 0351 0.093 0.203
g P RD AR A R 7 A T B B A 3 0134 0304 0059 0.186 0016 0.067 0.193
FUTE 4032 0.328.0.177.0.135. ¢ P EE I 522 4 0165 0.181 0151 0.147 0353 0.054 0382
I . 5 0122 0152 0.163 0.144 0337 0.076 0.176
ARSI A AR R BRI, B B R 22 6 0151 0290 0.160 0.160 0372 0.050 0.378
A HSP R AR BRI . I R B 25 7 0209 0334 0178 0.152 0338 0.113 0377
VEY) & Sic T FR Y LR 2 0.11:0.88:0.01, JAHF § 0136 038 0387 0422 0457 0170 0223
SR % X T PR S A BRI A A P ) R 9 0091 0.148 0274 0.146 0.146 0074 0402
e, JEUR 3 S M B R 0 R A, B e AP A 10 0154 0.184 0282 0282 0495 0067 0.329
B o PR, FERHZ R P AT R DRI, A2 TR AR
PRI AL AT ORT L HST X P A P B FE B 0137 0230 0202 0196 0257 0.078 0.273
R2 RARRAIMIIRETEHMINE
Table 2 Weight of influence of internal and external environment variables in farmer household decision making
s bt ANZ s EE Population proportion ALE Weight ZH 5 A E Combined weight
Verrelh o lbseffsn | Wt el 2 b X3 X1 X2 X3 X1 X2 X3
R1 R2 R3 R1 R2 R3 R1 R2 R3
PA AR FREL TR 45 0.700 0.500 0.672 0.189 0.213 0.328 0.486 0.575 0.538
FHETT SN I NEL 0.300 0.650 0.241 0.081 0.277 0.118
A i I B 0200  0.100  0.103 0.054  0.043 0.050
FKAGHE 0.300 0.050 0.052 0.081 0.021 0.025
A b T A 0300  0.050  0.034  0.081 0.021 0.017
S A A 0.700 0.250 0.362 0.189 0.106 0.177 0.514 0.425 0.462
R 0.300 0.250 0.103 0.081 0.106 0.050
A F [RAH ELAE 0.400 0.100 0.276 0.108 0.043 0.135
H SRR 0.500 0.400 0.207 0.135 0.170 0.101
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X 1: M =0.106, M ::=0.894, [X. 2: M x=0.149, M 2=
0.185, M 5=0.666 X 3: M xn=0.032, M »=0.968, ] I,
T 3 3 A TR 0 % o A 28 5 A 40 R 8 75 19 1 1) 52 i B
B TREEY, fF— e FEE Famfb T4 P A 45T
VEYI RN b PE T 1) B

W4 FTR X1 X 34 % CC 400 IR B
118 (0.291.0.256) 12 2 = T FC.(0.124.0.060) , 3 B
A PN Ry DR N 28 AR AR AR B VR 3 R
HAE KRBT GTE K, 77 B2 R S, X2
A PR AF Y ZER 1B 1946 (0.143) AH4 FC.(0.095)
F1CC(0.090) %5 iy , A0 = 35 385 3 A1 , 7T J609% X AR P
X AR I A e A B AR

FH 2% 5 ATAL, 45 XA ot 45 R O B 25 A0
AN — BRI AR AR > R AR, Xt 5 52 PR
M) A 25 ARG AR A I L G i . Horp IX
LA P X CC &34 I 2 3418 (0.520) i 35 5 T FC
(0.261), — & 5 HL 4014 0.677.0.323. X 2 4% ;1 %t
R 7 SN F R B4 7, X AF B 2545 B FE 3
{E(0.399) A HL. FC(0.297) Al CC(0.286) 4 i , (H 2
AN G LA BN BE A AR X T, FC H CC
W& =7 0.011, =3 5 F439il 4 0.413.0.296.,0.291, [X 3
A FXF CC 234 BN B (0.529) 1 /& F FC(0.137),
THE A 0.793.0.207, BAKSKEE , X 24K FXF
ZFAEM LR G IRA AR TR EEY X 1 FIX 34
GRG0 0 5 TR AR B AT X ol X i)

R4 SMDIMEIE RN E

Table 4 Perception of external environment variables

X 1R1 X2 R2 [X 3 R3

KR e wwl mAf G B RAEE SR
YFC  ®cc PFC  Wce AF YFC  ¥cCe

1 0.020 0.218 0.132 0.130 0.177 0.056  0.221

2 0.060 0.239 0.035 0.020 0.081 0.191 0.289
3 0.161 0.358 0.028 0.030 0.071 0.077  0.261
4 0.209 0.297 0.017 0.020 0.089 0.006 0.258
5 0.020 0.240 0.028 0.020 0.078 0.033 0.243
6 0.161 0.310 0.016 0.020 0.071 0.056 0.287

7 0.204 0319 0.023 0.020 0.086 0.037 0.283

8 0.101 0.269 0.165 0.152 0.195 0.061 0.309
9 0.169 0335 0.132 0.126  0.177 0.056 0.265
10 0.131 0.321 0.122  0.126 0.186 0.077 0.270
HE 0124  0.291 0.095 0.090 0.143 0.060 0.256

2SR T MR 7 S R P - R PSR
IFEH
2.1.2 RPFRRIARE S SYuk

MR AE A (12) 38— R S B, DAPEAf AR
FAORE b FE A T I Oy =X 8 0% A% 4 %) o o] AR B
Hod, X 1:r=0.059,rx=0.344, &8 CC 7£ | — &
HORR PR T O B E AT IS M2 T,
FC 1) 28 35 280 45 W AR X8I o X 2: 7 =0.109, 7o =
0.203,r15=0.797, ST Wt HiZ X AF ££_F—J& 3 ok
Wk T R AT R . X 3:r=0.030,r4=0.617,
Jo 2 T, 2 CCAEIZ X I 2 5825

RS RPGEEBRANE
Table 5 Comprehensive perception of farmers

X 1k{E X1k {HE 55 L X 2k {E X 2k{E E 43 b X 3k{E X 3k {HE 53 L

o R1 PRI R2 PR2 R3 PR3
Farmer el LBE REMHE LU REHE KLBFE AR WEME Z¥1E AR e &0 WEfE f3FHE
WrC  #cc  WrEC  Pcc  Prc  #ce wrc  #ce wrc  #cc  Wrc  yce
1 0.063  0.450  0.123 0877 0305 0287 0323 0333 0314 0353 0.124 0289 0300  0.700
2 0.229 0.573 0.286 0.714 0.184 0.163 0.432 0.236 0.210 0.554 0.284 0.492 0.366 0.634
3 0.295 0.662 0.308 0.692 0.086 0.216 0.087 0.221 0.556 0.222 0.144 0.454 0.241 0.759
4 0.374 0.478 0.439 0.561 0.168 0.167 0.442 0.216 0.215 0.569 0.060 0.640 0.086 0.914
5 0.142 0.392 0.266 0.734 0.191 0.163 0.415 0.248 0.212 0.540 0.109 0.419 0.206 0.794
6 0.313 0.600 0.343 0.657 0.175 0.179 0.443 0.220 0.225 0.556 0.107 0.665 0.138 0.862
7 0.413 0.653 0.387 0.613 0.201 0.171 0.424 0.253 0.215 0.532 0.150 0.660 0.185 0.815
8 0.238 0.407 0.369 0.631 0.551 0.574 0.652 0.310 0.323 0.367 0.231 0.531 0.303 0.697
9 0.260 0.484 0.350 0.650 0.406 0.272 0.323 0.405 0.272 0.323 0.130 0.666 0.163 0.837
10 0.285 0.505 0.361 0.639 0.404 0.408 0.681 0.271 0.273 0.456 0.144 0.599 0.300 0.700
HE 0.261 0.520 0.323 0.677 0.297 0.286 0.399 0.296 0.291 0.413 0.137 0.529 0.207 0.793
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55 801 J7 F B AR B, AR B PR R R, X s P
3 R I I R (1) 2 Ak, DA AR AR 1 77
Ro MEZ T, X 15X 3 M4 P B L g i a4 7
WAL AT B, 0 H AT R, E AT A S
HRESEEMIE. NCCKRE, EHKXI>K 1>X 2
B S PSR AR 431 4 0.563,0.220,0.405, 1 —1k
JE e dt R 0.942.0.852.0.269 , 5 5 1 5 AR A8 =[]
ZEREIRE 0.34, I X 22 52 B . X 2AF PSR (H 1N
0.480, H—AbJ5 AL FE R 0573 L4 = A XY
Bl , nT LA 25 DR P AERIORR R AR A R 0 Ao
P FAFAE S X LRI 3 A4 P R ke B fhi )
TREA DAY EEZ B3R 5 3 TR AL, it
DXl P AT BB 23 138 SR R A 28 T A8 A 1T HEG okt
ZUAVEW A ZAVR A P B . X 21
AR BRI A TR A — 2 R AT (EXHE AT R
()42 32 FE A i, T RS 35012 DX 3k - b 05 v LA 21 72

Sy FI

25 bR 45 DX P e A AR AR AR R 1T Y
TGN | b — T SR A R e A SR 48 (3 o T
FIAERR VR . X R X FAMAR P 5 L B Ak
I AT RE XS SR EE 1) & J 7 A B R BRI A 4 sl A
22 ZEEFEEM
2.2.1 TR E A

TENE SRS AR o T 25 e PR e A ) 2 Fl
YT oR 55 1% Hh DX AT i B A HH AR F % e e
PRI, PELR G 25 IR IAT W90 R 9% XS Bl O
S ) A4 8 A 85 S v s ) 5 A A EE R FH 5 i 1 32 A
AR 5LAl b ORISR AR & 578 )
AN R DA P R 1) R FE DL Ak
oy B E H AR R RS 5 (ND) R A 7= B 1 &=
(FP) AR K AL T AR A 5t (NM) (55 8 197 5K 14 55
(LE) FFJR A SRl LA 4% XA P e SR 7 £
i) PR~ AR B 00 R R 22 55 R R SRt Jr,
ND J&: 45 4 H A 04 5% i) R R A8 6 BRI
XARELIR A AT R R R, A T AR B B Y Fir ek
i A B PR FOA AR P . FP B H bR Rl it
B SR AR P 38 AR B VR (A, R P 45 6
By ORI 0] B A A PR BE AR R PR . NM A5 R
FRALFIFH (AN 2 Do 1EY) FE TR ) e B
INARRZS N W B U S & € < PR E R B3
BT ], 4R P25 GRBEW A S48 PR AR S A
P . LE BB P 48z vhon] BT A0l A = 1957 )
JIRCGEIGIN, QNG BE AR 55 3l 1 RN AR 55 B )

o RPARARKEDRA—LKER

Table 6 Final decision value D and normalized results of farmers

X 1D{H X 1D EIH—1k X 2DE X 2D fEIH—1k X:3D fi X 3D {EIH—1k
g R1 PRI R2 PR2 R3 PR3
Farmer erfE  ZUrfE WEIE AUE REfE L%E 3 AT WEME L¥1E B AT WEfE ZFE WRElE Z5E
YFC  #cc  #FC  cec  PFEC  #Pce YFC  #ce PFC  ®cc  #FC  Pce
1 0.059 0381  0.134 0866 0.130 0220 0419 0.169 0286 0545 0033 0414 0074 0926
2 0.069 0423 0.140 0860 0.117 0.195 0506 0.143 0239 0618 0038 0540 0.066 0.934
3 0.072 0454 0.138 0862 0.106 0206 0231  0.196 0379 0425 0034 0516 0062  0.938
4 0.077 0390 0.165 0835 0.115 0.196 0514 0.140 0237 0623 0031 0631 0047  0.953
5 0.063 0361  0.150 0850 0.118  0.195 0492  0.146 0242 0611 0033 0495 0062  0.938
6 0.073 0432  0.145 0855 0116 0.198 0515 0.140 0239 0621 0033 0.646 0.048  0.952
7 0.079 0451 0150 0850 0.119 0.197 0500 0.146 0241 0613  0.034  0.643  0.050  0.950
8 0.069 0366 0.159 0841  0.157 0279 0.682 0.141 0249 0610 0037 0564 0.061  0.939
9 0.070 0392 0.152 0848  0.141 0217 0419  0.182 0279 0539 0034 0.647 0049  0.951
10 0.072 0400  0.152 0848  0.141 0245 0704 0.129 0225 0.646 0034  0.606  0.053  0.947
M 0070 0405  0.148 0852  0.129 0220 0480 0.158 0269 0573  0.034 0563  0.058  0.942
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Figure 4 Basic framework of Netlogo simulation
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Figure 3 Decision changes in multi—scenario simulation
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Figure 5 Netlogo simulation distributions of farmers’ terrace utilization strategies under multiple scenarios in each study area in 2030
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