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Evaluation on the Sustainable Development of
Agricultural Industrialization Based on DPSIR Model

——A Case of North Bay Economic Zone in Guangxi Province

WANG Qiang”, HUANG Hu

School of Resources and Environmental Sciences, Guangxi Teachers Education University, Nanning 530001, China

Abstract According to the connotation of agricultural industrialization, the DPSIR model based on agricultural industrialization is introduced from
the five aspects of driving fore, pressure, state, impact and response. Taking the North Bay Economic Zone of Guangxi Province as an example,
a total of 23 indices are selected to construct the evaluation index system of sustainable development for agricultural industrialization by using the
Analytic Hierarchy Process. And the sustainable development level is comprehensively evaluated by weighted method. The result shows that driving
force factor is still in a worse state. Industry, house sites and unreasonable agricultural productive ways have caused obvious pressure on agricultur-
al industrialization. The scores of " state" and " impact" factors indicate that the output scale of agriculture, labor force scale and peasants’ income
are still in their initial stage. The score of " response" is lower, indicating that the current structural adjustment can not adapt to the development of
agricultural industrialization. The developmental environment of the North Bay Economic Zone is studied as well as the opportunities and challenges.

On this basis, related countermeasures and proposals are put forward.
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Agricultural industry refers to industrial combination with
certain vitality and scale benefit, taking agricultural production,
processing and distribution as the main contents. Agricultural
industrialization, denoted by agricultural industrialization man-
agement, has no unified definition yet. It is widely accepted by
most of the experts that agricultural industrialization includes six
elements, which are products for both international and domes-
tic markets; a modern business management method; special-
ized division during production; a certain scale of industrial
management and development; mainly relying on local natural
advantages, product superiority and economic advantages to
develop and produce agricultural industrialization; and close
combination of agriculture, industry, commerce, production,
supply, marketing in production chain'"’.

Agricultural industrialization is a modern operation mode of
agricultural production for the sustainable use of agricultural re-
sources, relating to people’s livelihood, and is conducive to the
realization of long-term and short-term objectives of China’s ru-
ral areas and agricultural development. Therefore, taking the
North Bay Economic Zone of Guangxi Province as an example,
we analyze the sustainable development of agricultural industri-
alization based on DPSIR model in order to find a sustainable
development way of agricultural industrialization suitable for the
North Bay Economic Zone of Guangxi Province.

1 DPSIR model based on agricultural indus-

trialization
In the aspect of sustainable use of regional resources,
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there are a variety of evaluation methods and conceptual mod-
els in international system. In recent years, when studying on
resources, environment and sustainable development, most of
the domestic and foreign scholars adopt DPSIR model, which is
put forward by OECD in the year 1993 and adopted by the
European Environment Bureau. In the DPSIR conceptual mod-
el, " Driving Force" refers to the underlying causes of environ-
mental change. " Pressure" is the impact of human activity on
the environment and natural environment, which is a direct
pressure factor on the environment, such as waste emission
and infrastructure construction. " State" refers to the status of
environment under the pressures mentioned above, such as
pollution and land degradation degree. " Impact" is the effect of
system status on human health and socio-economic structure.
The process of " Response" indicates the countermeasures of
humankind in the process of promoting sustainable develop-
ment, including improving resource use efficiency, reducing
pollution, increasing investment and other measures *™*'.

Agricultural industry is a mode of operation based on agri-
cultural resources. Its " Driving Force" includes the natural driv-
ing forces and socio-economic driving forces. " Pressure" spe-
cifically refers to the competitiveness of industry and housing
sites in the resource utilization of agricultural industrialization
development. " State" is the resource utilization status, agricul-
tural productivity, management efficiency and the rural people’s
living standards, and agricultural environment of the whole agri-
cultural system under the effect of pressure and driving force.
"Impact" refers the impact of system formed by agricultural in-
dustrial structure on human production and life. " Response" is
the adjustment of agricultural industrial structure and consump-
tion structure aiming to achieve the sustainable development of
agricultural industrialization and the protection of agricultural
environment.
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Fig.1 DPSIR analysis model affecting the development of agricultural industrialization
2 Evaluation on the sustainable develop- Driving Force (D), Pressure (P), State (S), Impact (/) and

ment of agricultural industrialization system  Fesponse (R) to analyze and evaluate the sustainable devel
. . . e opment of agricultural industrialization .
2.1 Extraction of agricultural industrialization indices based . . . .
. . . L 2.2 Construction of the index system of agricultural in-

on DPSIR Sustainable development of agricultural industrializa- . o ;
L o . . dustrialization Analytic Hierarchy Process (AHP) is adopted
tion includes specialization and large scale of agricultural industry,, . . . . i) .

o . . ) ) in the index system of agricultural industrialization'"'. Taking
standardization and high quality of product quality, standardiza- . . . o
. . . ; L sustainable development of agricultural industrialization as the
tion of agricultural enterprise management, service socialization

. . . goal layer and the five aspects of DPSIR model as rule layer,
and agricultural environmental protection. These factors have N .
L . ) o the extraction indices mentioned above are used as the target
hundreds of indices in DPSIR model. According to the princi-

s . ) layers of five aspects of rule layer to construct the sustainable
ples of practicality and operability, purpose and mechanism,

. . . development evaluation index system for the agricultural indus-
systematization and dominant nature, a total of 23 index factors e .
. o trialization of the North Bay Economic Zone (Table 1).
with symbolic significance are extracted from the aspects of

Table 1 Index system and weight of agricultural industrialization and sustainable development in North Bay Economic Zone of Guangxi

Province
Rule layer Index layer Weight
Driving force( D) Population growth rate(D, ) 0.125
Urbanization level (D, ) 0.609
Industrial increasing rate of leading enterprise( D, ) 0.204
Driving ratio for peasants household( D, ) 0.062
Pressure ( P) Arable land per capita( P, ) 0.124
Fertilizer application per unit area( P, ) 0.250
Pesticide load per unit area( P;) 0.033
Plastic use per unit area(P,) 0.054
Agricultural processing rate of leading base( Py) 0.539
State (S) Scale of agricultural labor force( S, ) 0.435
Scale of agricultural production( S, ) 0.265
Scale of pillar industries in agriculture( S, ) 0.075
Scale of agricultural base( S,) 0.183
Agricultural labor productivity (S ) 0.042
Impact (/) Return rate of farmers in base(/, ) 0.653
Market share of agricultural products( /,) 0.043
Growth rate of rural per capita net income(/;) 0.120
Average grain yield per unit area(/,) 0.184
Response ( R) Total power per unit area of agricultural mechanization( R, ) 0.052
Effective irrigation area of farmland (R, ) 0.123
Electricity consumption in rural area(R;) 0.292
Total output of agricultural zone(R,) 0.085

Index of agricultural production structure( R; ) 0.448
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Table 1 indicates that the main driving force is the agricul-

tural products demand, and the tache effect of leading enterpri-
ses on peasant, base and market brought by urban population
and market growth during socio-economic development. Pres-
sure mainly comes from the improving requirement for green
products at present, as well as from how to increase the effi-
ciency in processing of agricultural products. State is mainly re-
flected in the scale indices of agricultural demonstration park at
present. And the response of impact is the development per-
formance of agricultural industrialization, as well as the new
ideas, demands and methods for sustainable agricultural
development.
2.3 Determination on the source and weight of data indi-
ces Data are from the 2008 Guangxi Statistical Yearbook and
the statistics of township enterprises, agricultural bureau and
demonstration parks in the North Bay Economic Zone.

According to the hierarchy structure, judgment matrix is
filled out by expert judgment, data statistics and analyzer’s
judgement. And mathematical method is used to conduct hier-
archical ranking. Before determining relative weights of factors
in judgment matrix by hierarchical ranking, normalized stand-
ardization treatment is conducted on the above-mentioned index
data in order to eliminate the effects of the nature of indices. If
indices promoting the sustainable development of agricultural
industrialization are positive factors, we use equation (1) ; oth-
erwise, we use equation (2) .

C=(X; = Xain)/( Xinax = Xin) (1)

C=1= (X = Xn)/(Xoax = Xiin) (2)

According to the standardized data identified by indices in
Table 1, sum and product method is used to calculate the lar-
gest eigenvalue and eigenvector of indices, so as to determine
the relative weight of indices in agricultural industrialization de-

velopment, to satisfy é W, =1, and to conduct consistency
check.
2.4 Comprehensive evaluation method Based on the data
standardization of index layer and the establishment of weight,
weighted method is applied in evaluation. And the equation is
S=ZWA, (3)
where S is the sustainable comprehensive index of regional
agricultural industrialization, W, is the index weight, and R, is
the valuation result of index. Value of Sis [0, 1], representing
the sustainable development degree of regional agricultural in-
dustrialization. The rank of comprehensive index of regional agri-
cultural industrialization reflects the changes of their advantages
and disadvantages. Evaluation result is divided into five grades:
ideal state (0.8 -1.0), good state (0.6 —0.8), alert state (0.4
-0.6), poor state (0.2 -0.4), and bad state (0-0.2).

3 Result and analysis
3.1 Direct evaluation Evaluation factor score of the sus-
tainable development of agricultural industrialization in North
Bay Economic Zone of Guangxi Province is evaluated by com-
prehensive evaluation method, the result of which is shown in
Table 2.

Table 1 and Table 2 show that the sustainable develop-
ment of agricultural industrialization in North Bay Economic

Zone of Guangxi Province is still at its initial stage. In the DP-
SIR model system, driving force factors are still in a poor state.
Among them, low level of urbanization and slow increasing rate
of leading enterprises are important reasons for the good re-
gional environmental quality. But they have also seriously ham-
pered the development of agricultural industrialization in North
Bay Economic Zone of Guangxi Province. Industry, house
sites and unreasonable agricultural productive ways have
caused obvious pressure on agricultural industrialization, mainly
reflecting in low processing rate of agricultural products, big oc-
cupation rate of industrial housing on agricultural land, and in-
complete popularization of green agricultural products. Evalua-
tion result of " State" and " Impact" factors shows that agricul-
tural output scale, labor force scale and peasants’ income are
still at the initial stage. In response stage, government has rel-
ative superficial understanding and low implementation intensity
on the aspects of agricultural environmental protection, sustain-
able development of agricultural industrialization, agricultural in-
dustrial structure, and consumption structure. Therefore, it is un-
able to adapt to the development of agricultural industrialization.

Table 2 Comprehensive score of sustainable development evalu-
ation factor in agricultural industrialization in North Bay
Economic Zone of Guangxi Province

Evaluation Excellent Good General Poor Bad

factor (0.8,1.0) (0.6,0.8) (0.4,0.6) (0.2,0.4) (0,0.2)
Driving force 0.218

Pressure 0.637

State 0.552

Impact 0.596

Response 0.155

3.2 Analysis on developmental environment In the
whole sustainable development process of agricultural industri-
alization, harmonious development of resources, environment
and human production and life are the ultimate development
goals. Therefore, reasonable analysis on indices of resources
and environmental carrying capacities can help to promote the
sustainable development of agriculture.

Table 3 reports that per capita GNP and Engel's Coefficient
that represent economic goals have reflected the relatively slow
growth of regional economic development level. Regional in-
come level, living standards and wealth degree are also in a
phase of slow growth, but Engel’s coefficient of the whole North
Bay Economic Zone is between 40% and 50%, representing
the regional living standard has reached a well-off level. Pro-
portion of people enjoying social security and proportion of crim-
inal case clearly show that the urban economic development
within the region, social distribution level, social development
status, social management and order are at a balanced and
safe state. However, arable land per capita, a resource capac-
ity index, shows a downward trend. Thus, agricultural produc-
tivity is reduced, which has an enormous impact on agricultural
development.

The above analysis shows that there are both challenge
and opportunity in the overall development of regional agricul-
tural industrialization. Opportunity includes that (1) consumption
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of residents in the region is at well-off level, indicating that the
deep processing products and green products of agricultural in-
dustrialization have great market potential; (2) a orderly and fair
status of social development offers a great platform for the safe
operation of labor force, capital, market and manage order in
the production of agricultural industrialization. Challenge is
manifested in (1) agricultural land resources are occupied by

construction and industry, which becomes the deep reason for
the reduction of agricultural development potential, as well as
the latent factor for crisis of agricultural surrounding environ-
ment; (2 slow growth of per capita GDP is an important reason
for the loss of agricultural initiative among low incoming social
stratum of peasants, the reduction in agricultural labor force
and the slow growth of rural urbanization.

Table 3 Logarithmic index of agricultural industrialization sustainable development in North Bay Economic Zone of Guangxi Province

Year Per capita Engle’s Proportion of population enjoying Proportion of Per capita
GDP //yuan coefficient /% social security in total population // % criminal case /% farmland // hm?
2000 5 075.40 40.15 0.41 0.22 0.045
2001 5 460.35 40.20 0.34 0.18 0.052
2002 6 214.55 41.53 0.97 0.26 0.052
2003 4 765.66 42.71 0.80 0.21 0.056
2004 5041.26 46.37 0.81 0.19 0.056
2005 6 187.59 44.75 0.73 0.20 0.055
2006 7 282.40 44.45 0.74 0.19 0.054
2007 8 468.12 45.44 0.58 0.18 0.053

4 Countermeasures for promoting the sus-
tainable development of agricultural indus-
trialization in North Bay Economic Zone of

Guangxi Province

4.1 Speeding up the urbanization construction; preven-
ting the unhealthy competition of agricultural land re-
sources According to the spirit of national conference on rural
work, speeding up the urbanization construction in rural areas
is the demand of rural surplus labor force and the needs of agri-
cultural production efficiency, which can enlarge the spatial
scope of agricultural markets and increase peasants’ income.
But along with the urbanization construction and the unreasona-
ble and disordered land acquisition, land resource is declining
year by year, and unhealthy competition of land resources is
formed. Therefore, to protect agricultural land resources and to
accelerate urbanization in rural areas, rural land laws and insti-
tutions must be improved and implemented strictly to protect the
fundamental interests of peasants.

4.2 Vigorously developing agricultural industrialization;
increasing the income of farmers Agricultural industrializa-
tion is a link among farmer, agriculture and rural area, which
promotes the peasant’s richness, rural urbanization, and deep
processing of agricultural products. Different management
modes of organizational structure and interest relationship, as
well as the management body of agricultural industrialization,
have promoted the interests of farmer, agriculture and rural ar-
ea, and have realized the specialization and scale of agricultur-
al production, and the regionalization and collaboration of
layout.

4.3 Increasing the inputs rate of agricultural science and
technology; improving the quality of agricultural products By
increasing the contribution rate of scientific and technological pro-
gress in agriculture, we can improve the level of agricultural mech-
anization and the rate of improved variety, reduce the use of
chemical fertilizers and pesticides, and achieve quality stand-
ardization of agricultural products, including international
1ISO900 certified products, famous brand above provincial lev-

el, and green food certified products. Gradually, environmental
protection agricultural brands with the characteristics of North
Bay Economic Zone of Guangxi Province are introduced, and
the special position of the regional cross point can realize the
economic development model combining the extroversion and
introversion of regional agricultural industrialization.

4.4 Enhancing investment in agricultural industrializa-
tion; realizing the industrialization management of agricul-
ture Agricultural industrialization not only reflects the early
stage of processing, but more importantly extends the agricul-
tural production chain, so as to realize the integration of pro-
duction, supply and marketing, and the industrialization man-
agement of agriculture, which mainly reflects in improving the
processing rate of farm products, the driving rate of leading en-
terprises in agricultural industrialization, and the drive ratio of
peasant household. Only in this way, can we deal with market
risk and expand market share of regional agricultural products.
4.5 Implementing regional agricultural policy; strengthe-
ning environmental protection efforts Support of govern-
ment is deeded during the absorption of funds and the rational
development of agricultural industrialization. Through reasona-
ble guidance of policies, laws and regulations, a series of envi-
ronmental protection measures are implemented to strengthen
the environmental protection efforts, to realize the carrying tar-
gets of resources, economy, society and environment orderly,
regularly and intentionally, and to provide reasonable and effec-
tive protection for the development of farmer, agriculture and
rural area.

5 Conclusion

Economic goals, social goals and ecological goals of re-
sources carrying of agricultural industrialization are comprehen-
sively evaluated in the whole North Bay Economic Zone based
on the DPSIR model, so as to provide some guidance for pro-
moting the protection, adjustment and development of agricul-
tural resources and for improving the living standards of peas-
ants and the rational development of rural urbanization. Howev-
er, there are still some deep-rooted problems that need to be
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further explored.
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to conduct differential marketing, to seize the opportunity, to
concentrate our efforts to fill vacancies, and to maintain coor-
dination in marketing. And the strategy of agricultural " going
out" promoted by rural cooperative economic organization is
promising.
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