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DX sk TR)REAT RS AL BRI A% AL AR B, 38 L 0 BT P
PTG J PERFIE A B LN A,
LA IR R SRAT IR Z AR R e A A LA I
WEFUARRT LD, MAE TP B, B Aok, WA
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FErP EBUA AR BRI, A 52 i
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SEAT A F T DI A M R T AR AR N AERLEE,
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1 ET MAS BYR P 3t FI| IR SRAR B3

1.1 ETF MAS B9R P L 3 F AR S AELR

MAS (multi-agent system) 2y T N T % g
(artificial intelligence) 43, IUAEFZRIEH LT
3 FE X D MHEAFH AR BEA (handware
agents) ; 2) X H AWM GRS (software
agents) ; 3) 8 GEAARIEY, X HAHELK (agent)
A& 2 A AN T2 6 AR 1) vk SREATL A4 1) 44
o 2UF . MBS, HTRIERG
A F RSP I nT LA R ER 55 A8 B (1) 07 (1) O
FAR, W IR agent HIAT AR A L5 BT AL IR
FIAHE W, RERS T My R ER RO A4 R 48
U2 T PR A 5 P R SC R i) multi-agent
system HUILER 3 Fioe S, H 2 B e BB BRI
R RGeS R B S A ML o 7 R
e, WA AWUITOR MAS 1958 3 i Sist—2
JEAH, 38 U RERRR T ABM (agent-based model)
55 HARRE RS & 5 (R 25 A R A1 0224 Qe o8
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NZKHRSFEAT J I RER B ABM (15 5102,
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Fig.1 Conceptual framework of land-use decisions for farmer households base-on MAS
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Fig.2 Land-use decision-making tree of farmer household
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NHL (Labor) 5 AR 7R 52 PR 38 32 20 Ko A
T R T AT (Profit) o Bk, HEEN
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2012 4% 3 HEEA XN 2 50R P HEAT T 1)
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Table 1  Agriculture labor force and planting profit of households
R3] AL
&y N N MR AEF R AE LR A o N MR AEF R AE LR AT
Houschold umber of Proﬁi of c?ztton/ Proﬁi of pianut Houschold Number of Proﬁi of ct?ztton Proﬁi of ,
agricultural (JG-hm™) /(JG-hm™) agricultural /(JG-hm™) peanut/(JG-hm™)
labor/ A labor/ A

1 4 16950 25200 27 5 19200 24750

2 18795 23070 28 5 17700 25500

3 3 17520 25800 29 4 18000 25200

4 5 19980 25500 30 4 19500 24750

5 5 15855 24795 31 5 16500 25800

6 2 16245 23100 32 6 18000 26250

7 5 15750 27000 33 5 16950 24750

8 3 16800 24750 34 4 16500 24750

9 4 15810 24900 35 5 16500 25200

10 5 18150 23355 36 4 15000 24900

11 4 18360 24750 37 3 16950 23400

12 4 19800 23010 38 3 18000 24000

13 6 17670 26085 39 5 17325 24975

14 7 15750 24675 40 5 17250 24750

15 3 16500 25095 41 3 17400 24000

16 2 19125 23175 42 4 18000 24750

17 5 17700 25860 43 7 19500 26250

18 4 15000 24900 44 5 16500 25500

19 5 15900 26700 45 6 18000 25200
20 6 17250 24750 46 5 18765 25155
21 5 18000 24750 47 5 17400 23250
22 3 16500 22500 48 6 18900 24750
23 2 18000 22500 49 5 17700 24600
24 6 18750 25500 50 3 15900 23700
25 5 17250 24750 SE A A
26 4 17400 23400 ;Ezigz + 17 24720

GRS RIT R nicomon =415 Mpouon =50,
nﬂpeanuz =32, np(newmz =49, *Eﬁfi (5 ) Nf‘ (8) ’ ?%?U%ﬁ
WA 1 N EBERSE IR PR 7 Sk () s

F2 RPRKAFEFRIINER
Table 2 Influence weight of internal decision-making factors
of households
ey RN NBOEBLTE Wiy 25885 B W0
Effect weight of number of Effect weight of
agricultural labor W, economic benefit W,

Crop species

Hife

Cotton Wycotton =0.451 Wy /eoion =0.549
bk
Pﬁ;nut Wipeans =0.395 W e =0.605

M 2 SR TTUAE H: 1) TR t3b
J73 QB AGERMAEAHS TARME 55 S NBCE AL
L, X YIRS PR 2 R A 57 B NECE
N, RWRAERIRZ AT N, W T RA—E R
FBI I 22T, AR 3B SR A i KA PLSE H

Frs 2) MaAERIRN ST S NBCE AT R T4, 4
B ESE R, A TAFER S A T2, FEART
A WAL WS HB AT Myeonon=50
My ppeana=49) > ANV 575 NEO AN [R] - H H 7 5K
AR PRSI M 22 R (Mieorton =41 s Mijpeana=32) »
XTI EAER R B L 2RI 3R ), TR 575
I3, AR J1, DRI AR RERE N ST £
e AT B NBPI IR 25

ol (1)~ (4D 52 ER BRI A5
RFAH Dy, W 3 7R

PO 3 R 1 s, RIS T AR ok
Ui, FLAL TR R RE A RO, 5 2 1 A R SR A
Ko AN PSR AT 22 ek 0k oK,
AN LT A PR A 2B 1 PN v SRR i T
FiAE, ULRHAEA G I8 A P F & RE ) AN R B 1 Ol
N, AR TR S B AR
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Table 3 Interaction coefficient of households, final decision-making value of households and verification table

. . H— [ e 244 H— 512 B

pinsictiimy, T TEERREC g b, o R s e

&g Internal decision-making Interaction cogfr'ﬁcien tof Final decision-making Nc?rmalize(j final Actual culti\;ated Normali_zed actual

Houschold value [Dig households Intery, value Djy decision-making value area/hm cultlvatezd
D'y area/hm
ki3 1 iria fer: L2 1ert: iKia 164 Mg e MiE ek
Cotton Peanut Cotton Peanut Cotton Peanut Cotton Peanut Cotton Peanut Cotton Peanut

1 0.40 0.52 0.85 0.93 0.10 0.31 0.24 0.76 0.067 0.167 0.29 0.71
2 0.61 0.65 0.94 0.85 0.16 0.36 0.31 0.69 0.067 0233  0.22 0.78
3 0.31 0.44 0.88 0.96 0.08 0.27 0.23 0.77 0.053  0.200 0.21 0.79
4 0.51 0.58 1.00 0.94 0.15 0.35 0.30 0.70 0.087  0.200 0.30 0.70
5 0.48 0.61 0.79 0.92 0.11 0.36 0.24 0.76 0.053 0213 020 0.80
6 0.23 0.36 0.81 0.86 0.05 0.20 0.21 0.79 0.000 0.100  0.00 1.00
7 0.47 0.62 0.79 1.00 0.11 0.40 0.21 0.79 0.053 0.213 0.20 0.80
8 0.31 0.44 0.84 0.92 0.08 0.26 0.23 0.77 0.033  0.107 0.24 0.76
9 0.39 0.53 0.79 0.92 0.09 0.31 0.22 0.78 0.033 0.167 0.17 0.84
10 0.51 0.58 0.91 0.87 0.13 0.32 0.29 0.71 0.087 0.193  0.31 0.69
11 0.41 0.51 0.92 0.92 0.11 0.30 0.27 0.73 0.060 0.147 0.29 0.71
12 0.43 0.48 0.99 0.85 0.12 0.26 0.32 0.68 0.100  0.167  0.37 0.63
13 0.58 0.68 0.88 0.97 0.15 0.42 0.26 0.74 0.087 0.233  0.27 0.73
14 0.66 0.76 0.79 091 0.15 0.45 0.25 0.75 0.093 0.273 0.25 0.75
15 0.31 0.44 0.83 0.93 0.07 0.27 0.22 0.78 0.027  0.107 0.20 0.80
16 0.25 0.33 0.96 0.86 0.07 0.18 0.27 0.73 0.033  0.100 0.25 0.75
17 0.49 0.60 0.89 0.96 0.13 0.37 0.25 0.75 0.067  0.200 0.25 0.75
18 0.39 0.54 0.75 0.92 0.08 0.32 0.21 0.79 0.000 0.200 0.00 1.00
19 0.48 0.62 0.80 0.99 0.11 0.39 0.22 0.78 0.067 0.193  0.26 0.74
20 0.59 0.67 0.86 0.92 0.15 0.40 0.27 0.73 0.087 0.227 0.28 0.72
21 0.50 0.59 0.90 0.92 0.13 0.35 0.27 0.73 0.067 0.153 0.30 0.70
22 0.32 0.43 0.83 0.83 0.08 0.23 0.25 0.75 0.033  0.100 0.25 0.75
23 0.24 0.34 0.90 0.83 0.06 0.18 0.26 0.74 0.033  0.100 0.25 0.75
24 0.59 0.66 0.94 0.94 0.16 0.40 0.28 0.72 0.100  0.267 0.27 0.73
25 0.50 0.59 0.86 0.92 0.12 0.35 0.26 0.74 0.067  0.200 0.25 0.75
26 0.41 0.50 0.87 0.87 0.10 0.28 0.27 0.73 0.040 0.167 0.19 0.81
27 0.51 0.58 0.96 0.92 0.14 0.34 0.29 0.71 0.133  0.333  0.29 0.71
28 0.50 0.59 0.89 0.94 0.13 0.36 0.26 0.74 0.100  0.267 0.27 0.73
29 0.41 0.51 0.90 0.93 0.11 0.31 0.26 0.74 0.100  0.240  0.29 0.71
30 0.42 0.50 0.98 0.92 0.12 0.29 0.29 0.71 0.133  0.333  0.29 0.71
31 0.48 0.61 0.83 0.96 0.11 0.37 0.24 0.76 0.080 0.253 0.24 0.76
32 0.58 0.67 0.90 0.97 0.15 0.42 0.26 0.74 0.133  0.367 0.27 0.73
33 0.49 0.60 0.85 0.92 0.12 0.35 0.25 0.75 0.067 0233 022 0.78
34 0.40 0.52 0.83 0.92 0.09 0.31 0.24 0.76 0.067 0.267  0.20 0.80
35 0.49 0.60 0.83 0.93 0.12 0.36 0.24 0.76 0.080 0.247 0.24 0.76
36 0.39 0.54 0.75 0.92 0.08 0.32 0.21 0.79 0.067 0.267  0.20 0.80
37 0.32 0.43 0.85 0.87 0.08 0.24 0.25 0.75 0.000 0.133  0.00 1.00
38 0.33 0.42 0.90 0.89 0.08 0.24 0.26 0.74 0.067 0.233 0.22 0.78
39 0.50 0.59 0.87 0.93 0.12 0.35 0.26 0.74 0.080 0.267 0.23 0.77
40 0.50 0.59 0.86 0.92 0.12 0.35 0.26 0.74 0.093  0.240 0.28 0.72
41 0.32 0.43 0.87 0.89 0.08 0.25 0.25 0.75 0.067 0.253 0.21 0.79
42 0.41 0.51 0.90 0.92 0.11 0.30 0.26 0.74 0.100  0.267 0.27 0.73
43 0.68 0.74 0.98 0.97 0.19 0.46 0.29 0.71 0.133 0333 029 0.71
44 0.49 0.60 0.83 0.94 0.12 0.37 0.24 0.76 0.053  0.200 0.21 0.79
45 0.59 0.67 0.90 0.93 0.15 0.40 0.28 0.72 0.087 0.233 0.27 0.73
46 0.51 0.58 0.94 0.93 0.14 0.35 0.28 0.72 0.080 0.200 0.29 0.71
47 0.51 0.58 0.87 0.86 0.13 0.32 0.28 0.72 0.100  0.267 0.27 0.73
48 0.60 0.66 0.95 0.92 0.16 0.39 0.29 0.71 0.120  0.300 0.29 0.71
49 0.50 0.59 0.89 091 0.13 0.35 0.27 0.73 0.080 0.233 0.26 0.74
50 0.31 0.44 0.80 0.88 0.07 0.25 0.22 0.78 0.000 0.133  0.00 1.00
TA9f 0.45 0.55 0.11 0.33 0.26 0.74 0.070 0215 025 0.75

Average
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Method of multi-agent system for simulating land-use
decision-making behavior of farmer households

Chang Xiao®, Liu Liming*™, Liu Zhaoxu', Chen Weigiang®
(1. College of Resources and Environmental Sciences, China Agricultural University, Beijing 100193, China;
2. College of Resources and Environmental Sciences, Henan Agricultural University, Zhengzhou 450002, China)

Abstract: In order to find out the key nodes of land use regulations, and provide scientific support for the
formulation of the relevant policies and the measures, multi-agent system (MAS) offers a bottom-up approach to
explore the internal mechanism of land use change through simulating the decision-making behavior of
micro-level agents. With a case study of Xiaozhuang Village in Tanghe County, Henan Province, this paper took
farmers’ choice between cotton and peanut as an example, and attempted to explore the application possibility of
MAS approach in the study of agricultural land use change by simulating land use decision-making behavior of
farmer households. This study constructed a conceptual framework of land-use decisions for farmer households
base-on MAS, in which household’s decision-making behavior was affected by both internal factors (ability and
willingness) and external factors (market, policy, natural conditions and interaction with other households). And
the conceptual framework analyzed the cycle mechanism among these factors: Internal factors were the direct and
core factors in households’ decision-making process, external factors affected their decision-making behavior
indirectly through influencing internal factors, i.e. ability or willingness, and the cumulative result of farmers’
decisions could change land-use pattern of the region as a whole, which would further influence internal and
external factors. Then a mathematical model was given based on the conceptual framework to simulate the
decision-making process of the households: First, the internal-factor-based decision-making rule was formulated
to get the internal decision-making value, which was regarded as the base value. Then external factors were taken
into account to amend the base value and to get the final decision-making value. The results demonstrated that:
1)Internal decision-making value on peanut was generally higher than on cotton, although the value varied from
one household to another. Market factors strengthened households’ willingness to grow peanuts. The effects of
interaction on households varied based on each household’s characteristic. In general, external factors made
households more likely to grow peanut rather than cotton, increased households’ final decision-making value on
peanut but decreased that on cotton. 2) Simulated value of area ratio (cotton/peanut) is 0.26:0.74, which was in
good agreement with the actual value 0.26:0.74 (The simulated value was only 5.4% higher than the actual value).
Thus, the simulation caught the key factors in households’ decision-making process such as profit, labor, market,
etc. It also well explained and predicted decision-making behavior of households, the land-use pattern and change
of the region. Furthermore, the reason behind the results were discussed: Considering the labor-dependent
characteristic, the suitability of natural conditions, and price stability, cotton was in a relatively inferior position
than peanut in research field, so the households were very sensitive to the price drop of cotton in the year 2011,
which brought about huge negative impact on local cotton cultivation, and peanuts became main autumn
commercial crop in Xiaozhuang Village in the year 2012. 3) The relationship between the benefit of households
and the market was analyzed: Although closely relevant with each other, they were essentially different. Market
was a regional-scale indicator that represented the average level of the area as a whole. Benefit was a
household-scale indicator whose value was influenced by some irregular or uncontrollable factors, which reflected
the complexity of the households’ decision-making behavior. The construction of the model was to simulate the
complicated real world, meanwhile to abstract and simplify it, so how to balance the relationship between
“simulation” and “simplification” was very important in the model design and expression. 4) In this case, labor
was chosen as the ability factor, because contradiction between the labor-dependent characteristic of the crops
(especially cotton) and the labor loss (caused by high opportunity cost) made labor the primary factor influencing,
even determining households’ ability. In practical application, the ability factors can vary under different situations.
This model can provide theoretical foundation for the regulation of farmer households’ land-use behavior, and
help promote efficient agricultural land use fundamentally.
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