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Coupling relationship between agricultural industry and resources in the loess
hilly region on the background of conservation of water and soil

— Based on the perspective of farmers-behavior

XIA Zi-Lan', WANG Ji-Jun'?, YAO Wen-Xiu', LU Ming-Quan'

(1. College of Resources and Environment, Northwest A&F University, Yangling 712100, China; 2. Institute of Soil and
Water Conservation, Chinese Academy of Sciences and Ministry of Water Resources, Yangling 712100, China)

Abstract The present structure and coupling situation of agricultural system in the loess hilly region was formed under the influ-
ence of soil and water conservation policy. Agricultural ecological economic system may develop to a certain direction and form a
new coupling situation through regulating the present coupling relationship between agricultural industry and resources. It had a
practical significance to comprehensively clarify and assess the coupling interactions of the two important factors of the agricultural
economic system. Due to multi-external policies and human interventions that acted on the agricultural ecological economic system,
the indexes characterizing policy and farmers’ decision and behavior in the system were not directly observable (latent variables).
Traditional models (e.g., coupled dynamic systems model, coupled degree model, gray system analysis, etc.) either ignored or par-
tially treated these indexes. The complex interactions and feedbacks among the system indexes were not adequately explained by
these models. This paper employed the structure equation model to explore the interactive relationships and functional paths across
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agricultural industry and resources under the influence of soil/water conservation policies in the loess hilly region, with a proxy far-
mer-survey from Wugqi County, Shaanxi Province, as the data resource. First, soil/water conservation policy, farmer behavior, agri-
cultural resource and environment, agricultural industry development and coupling situation of agriculture system were set as 5 latent
variables. And the correspondingly measurable indexes were selected. Then, 9 hypotheses about coupling relationship between agri-
cultural industry and resources of the studied area were advanced. On this base, the model of agricultural industry-resources system
coupling relationship was established. Fit test of the model showed desired effects. The model results showed that soil/water conser-
vation policies improved regional agricultural resources conditions (with path coefficient of 0.62). This suggested that the policies
were consistent with ecological targets. However, the policies inhibited positive farmer behavior in terms of resource utilization and
industry management (with path coefficient of —0.22). This implied that the policies were some sort of disincentive and incompatible
with farmer activity. Farmer behavior not only affected the state of system coupling directly (with path coefficient of 0.42), but also
indirectly through promoting agro-industry development (with indirect path coefficient of 0.61%0.35 = 0.21). This also suggested that
farmers’ production and decision-making behavior was a critical factor in the coupling of the system. Because of the policy manda-
tory provisions for resources utilization and inhabitation of farmer behavior, the regional agricultural resources environment was not
supportive of agro-industry development (with path coefficient of —0.24). That is to say it induced a detestable local situation be-
tween agro-industry development and agro-resources environment. To optimize agro-industry and resources coupling of the loess
hilly region, a full utilization of the present resources environment was recommended.

Key words Agro-industry and resources system, Coupling relationship, Structure equation model, Farmer behavior, Loess
hilly region, Wuqi County

(Received Jun. 16, 2011; accepted Sep. 2, 2011)

[4-7] [8-11]

[12-13]

[1-3]

[1-3]

1 WMRXEHER

>

, 107°38'57"~108°3249", 36°33'33"~37°24'27",
, , 3 791.5 km’
: , , 1233~1 809 m
, : : 478.3
mm 4 8 164 , 1110
, 2009 4 404

16 361



3 : - 371

, X=A,¢+08 (1)
1999 10.367  hm?, Y=An+e (2)
“ 7 , n=B,+I5+¢{ (3)
) X ; &
Ay )
) 5 5
, 2008 DY
2.096  hm’, 0.198 hm’, " Ay
1997 26 .16 .58 9:66.25 ,
2 MIEMESHRTE X
B I , B , I
2.1
e
: 3 HRE5SR
3.1
[9]
, 6 18 , £ m
’ i Uy 13 M4
, 14~15 3 5
8 ,
256 ) g s
247 M2 73 N4
2.2 ’
1
(Structural Equation Modeling,
SEM) 20 a
, HI~H9 9 . HI,
’ : H2,
[14-15] ; H3,
(latent variables) ; H4,
; H5,
; He,
(direct effects) (indirect ; HT,
effects) (total effects)!'® ; HS, ; HY,
(measurement equation) (structural
equation) [ (D )] ) D,

, [ (3)] el~e20 R

[15]



372 2012 20

Rl RERLFV-FBRERAFBEXANTERBRYFEFERER

Table 1  Interpretation and data reliability test list of variables for coupling relationship between agricultural industry and resources system

a
Latent variable Observed variable Definition method
£ X1 0.882
Soil and water Subsidies of returned farmland (Yuan) Compensation from returned farmland
conservation policy X, /
Proportion of retuned farmland (%) Retuned farmland area/total farmland area
X3 o /1 )
( 1 0~5) o /1 2 )+
Government maintaining strength o /1 /2 )
(total value of items scores: 0~5) Had government seriously implemented the check and accept work? (0
No; 1 Yes) + Had government guided farmers to transfer production and
workforce after returning farmland to forestry?(0 No; 1 Yes, and it did not
work well; 2 Yes, and it had a notable effect) + Had government been
organizing agricultural production technology training after returning
farmland to forestry? (0 No; 1 Yes, and it did not work well; 2 Yes, and it
had a notable effect)
m V1 / 0.901
Behavior of farmer Utilization rate of farmland (%) Area of utilized farmland/total farmland area
V2 /
Capital investment on farmland (Yuan-hm ™) Capital invested on farmland/area of total farmland
3 /
Proportion of agricultural labor (%) Agricultural labor/total labor
V4 o /1 ) o /1 )+ o /1 H
( 1 0~5) o /1 )t o /1 )
Utilization of agricultural technology Had biogas been used? (0 No; 1 Yes) + Had greenhouse been used? (0 No;
(total value of items scores: 0~5) 1 Yes) + Had plastic film mulching been used? (0 No; 1 Yes) + Had
cultural machinery been used? (0 No; 1 Yes) + Had court economy been
developed? (0 No; 1 Yes)
1 Vs / 0.887
Agricultural Proportion of plain and terrace (%) Plain and terrace area/total agricultural land area
resources and
. Yo /
environment . 2 . .
Per capita farmland (hm®) Farmland area/family population
1 /
Proportion of forestry and grassland (%) Forestry and grassland area/total agricultural land area
8 /
Index of land use structure Forestry and grassland area/farmland area
" » / 0.879
Development of Produce commercialized rate (%) Commercialized produce/total produce
Agricultural
industry Yo ( )
Agricultural benefit-cost ratio Total agricultural income/total agricultural cost
yu /
Per capita output of grain (kg) Grain output/family population
Y12 /
P roportion of agricultural income (%) Family agricultural income/family total income
yi3 [17] 0.828
Correlation degree of industry chain and resources Specific evaluation method was referred to references [17]
Via D0%~20% 1; 21%~40% 2;
( 1 1~5) 41%~60% 3;61%~80% 4; 81%~100% 5
Resource recycling degree (evaluation: 1~5) When resource recycling rate was 0%~20%, it was evaluated as 1;
21%~40% as 2; 41%~60% as 3; 61%~80% as 4; 81%~100% as 5
1) It mainly refers to the recycling

degree of crops straw of planting and fruit production, livestock feces of breeding, and biogas residue and slurry.

SPSS 16.0
, 3.2
(18-19] , AMOS 7.0
a  (Cronbach’s alpha based on standardized ,
items)  0.828~0.901 ( D, ,

[20-21] ( )
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Fig. 2 Corrected model of agricultural industry-resources system coupling relationship and its standardized parameters
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Table 2 Summary table of preliminary fit test in confirmatory factor analysis of the coupling relationship

Evaluation item Test result Model fit judgment
Whether error variance is positive All positive Yes
0.5~0.95 Whether factor loadings are between 0.5 and 0.95 0.71~0.92 Yes
Whether the standard error is great No Yes

R3 BAXRARIEIMEZRSMHERELEEREREHER

Table 3 Summary table of overall model fit test in confirmatory factor analysis of the coupling relationship

Statistic of test Standard or critical value of fit Test result Model fit judgment
x/df <2 <3( )<2 or <3 (looser standard) 1.976 Yes
Absolute fit indices <
RMSEA <O.g£ir <(?(; tl(ooser standar)d) 0.063 Yes
GFI >0.9 0.914 Yes
NFI 0.937 Yes
Relative fit indices RFI 0914 Yes
IFI >0.9 0.968 Yes
TLI 0.956 Yes
CFI 0.967 Yes
AIC > 303.561<306.00, 303.561<3 167.627 Yes
Parsimonious fit indices c4lc 542.558<995.936, 542.558<3 244.287 Yes
Theoretical model value is less than saturated
ECVI model value and independent model value 1.234<1.244, 1.234<12.877 Yes

x4 BEXRRIIMERZSTHREAEREREHESR

Table 4 Summary table of internal structural model fit test in confirmatory factor analysis of the coupling relationship

Evaluation item Test result .
Model fit judgment
0(1 0.05 , v
es
Estimated parameters are all in significant level 0.001 ) All is non-zero
D
_— . 05 0.50~0.84 Yes
Reliability of observed variables are greater than 0.5
2)
. o . 06 0.82~0.91 Yes
Combined reliability of latent variables are greater than 0.6
. . . 05 0.60~0.72 Yes
Average extraction variances of latent variables are greater than 0.5
2.58 2.475 Yes
Absolute value of standardized residuals are less than 2.58 Greatest absolute value is 2.475
5 3 5( SEM ) No
Modified indexes are less than 5 3 modified indexes are greater than 5
1) R%; 2) [14,16],
CRZZM[(ZZ,»)@ZS,»], ,Ai i L& J 1) Reliability of observed variables is the multiple square coefficient (R?)

of each observed variables; 2) Combined reliability of latent variables is calculated by reliability of single observed variables, the formula is:
CRZZA//[(Z/)2+28/], in which, /; is the standardized load of the item 7, ¢; is the residual of item .

2~ 4 - > >
(1) ;

) )

; 3) )
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