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Abstract With rapid economic development, resource and environment problems become more and more prominent. Chongqing Municipality,

as a city focusing on industrial development in the past, has serious problem of environmental pollution and scarce agricultural resources. At

present, it is urgent to find out how to develop circular agriculture and coordinate economic, social, environmental development. On the basis

of understanding the intension of circular agriculture, this paper built evaluation indicator system for development of circular agriculture from

social and economic development, resource reduction input, resource recycling use, and resource and environment safety. Then, it made an

evaluation of circular agricultural development of Chongqing Municipality by AHP approach combined with gray correlation analysis. Finally, it

came up with countermeasures, including reducing input of agricultural production materials, strengthening land management, promoting scien-

tific and technological progress, and improving policy systems.
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1 Introduction

In recent years, the development of circular agriculture has be-
come a hot spot of researches. Chongqing Municipality is a moun-
tain city. Since its resource is limited, traditional economic growth
mode has become incapable of solving problems of scarce agricul-
tural resources and inadequate environmental carrying capacity.
According to Statistical Yearbook of Chongqing Municipality, the
cultivated land of Chongging in 2013 was 1 462 153.33 hm’, ac-
counting for 17. 76% of total land of Chongging. The cultivated
land per capita was only 0. 043 hm’. At present, the permanent
resident population of Chongqing is 29. 45 million. Therefore, it
has a huge pressure of energy, water resource and ecological envi-
ronment. There is serious problem of water loss and soil erosion
and municipal waste pollution. Since Chongging focused on indus-
trial development in the past, the emission of " three wastes" is
extremely high, including 306. 11 million tons of waste water and
835.988 billion m' and 50 000 tons of waste gas and solid
wastes. These seriously influence agricultural production. In ad-
dition, chemical fertilizer and pesticide used in agricultural pro-
duction exert certain influence on environment and human
health. Therefore, it is urgent to transform agricultural develop-
ment mode, reduce environmental pollution, and realize sustain-
able development of agriculture. Furthermore, with division of 5
functional zones, Chongqing municipal government attaches great
importance to Northeast Chongging Ecological Conservation De-

velopment Zone and Southeast Chongqing Ecological Protection
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Development Zone. Building a scientific and proper evaluation
indicator system for circular agriculture from realities of
Chongqing not only can complement researches on circular agri-
culture, but also can find out problems in the process of circular
agricultural development of Chongqing through systematic evalua-
tion, and come up with pertinent recommendations, which are of
great significance to regional economic development of Chongqing
and coordinated and sustainable development of economy, society

and ecology of Chongqing.

2 Connotation of circular agriculture

Circular agriculture originated from circular economy. With agri-
cultural development, there are problems of vulnerable ecological
environment and pollution of farmland and water resources. Then,
scholars applied the theory of circular economy to agriculture and
accordingly introduced the concept of circular agriculture.
Through overview of researches of Peng Xiuli (2006), Du Hua-
zhang (2006) and Huo Xiaomei (2010), we found that circular
agriculture stresses multiple-level circular use of matter energy of
agricultural system and it is required to conduct clean production,
reduce input of resources and emission of wastes, and implement
closed loop agricultural production. Therefore, the circular agri-
culture is an agricultural development mode guided by theory of
circular economy and thought of sustainable development, using
ecological engineering method, taking consumption reduction, re-
use and recycling as principle (3R principle), and reaching the
objectives of conserving resources and protecting environment
through optimizing the structure of entire industrial chain from pro-
duction to consumption of agricultural products, finally realizing
coordination of economic, social and environmental benefits. From
this concept, we can see that apart from 3R principle, circular ag-
riculture also features circular design of production process, inter-

dependence of environmental and economic objectives, and low
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pollution or even zero emission. Through low input of natural re-
sources, high efficient use and low emission of wastes, it is not
only able to increase resource utilization efficiency, reduce envi-
ronmental pollution, form scientific and modern agricultural pro-
duction mode, protect rural environment, and improve farmers’
living environment, but also able to adjust agricultural industrial
structure , transform agricultural development mode, improve qual-
ity of agricultural products, and realize sustainable development of

agriculture.

3 Establishment of evaluation indicator system for
development of circular agriculture
3.1 Principles for establishing the evaluation indicator system.

(1) 3R principle. 3R refers to reduction, reuse and recy-
cling. Design of indicators should follow this principle and reflect
reduction and recycling of resources.

(2) Scientific principle. The evaluation indicator system for
circular agriculture should fully grasp intension and essence of cir-
cular agriculture. Indicators selected should reflect major charac-
teristics and realization degree of circular agriculture. Besides,
they should have clear definition and make objective and accurate
evaluation of situation of circular agriculture in accordance with
actual local situation.

(3) Comprehensive principle. Circular agriculture is a com-
plex and systematic project, so the evaluation indicator system
should cover all characteristics of evaluation subject as much as
possible, comprehensively reflect factors of evaluation object, and
fully consider overall benefits of agriculture, society and environ-
ment, to make it comprehensively and systematically reflect opera-
tion status of resource utilization and social output in agricultural
production activities.

(4) Representative principle. Circular agriculture is a com-
plex ecological economic system. It includes several subsystems.
One indicator system hardly covers all aspects of circular agricul-
ture. Thus, it is required to select representative and typical indi-
cator, grasp major aspects of circular agriculture, and avoid sim-
ple and repetitive combination of indicators.

(5) Operational principle. The evaluation indicator system
for circular agriculture is to be applied in actual evaluation. Thus,
design of indicators should be simple and convenient and easy to
understand. Evaluation indicators should focus on comparability of
time and place, for purpose of comparative analysis. Besides, it
should take statistical data as basis, easy to access, analyze and
calculate.

(6) Dynamic principle. In short term, the evaluation indica-
tor system for circular agriculture is fixed. However, with the de-
velopment and change of agricultural system and leading of related
local policies, it is necessary to make proper adjustment. There-
fore, the selection of evaluation indicators should better describe,
depict and measure current development situation and trend of
evaluation subjects, to provide indirect information for future fore-

cast and decision-making.

3.2 Framework design of the evaluation indicator system
Researches of China’s circular agriculture start late. At present,
there are few researches about quantitative evaluation of circular
agriculture. Typical researches are as follows: Wang Fang, on the
basis of development objective of circular agriculture in western re-
gion and availability of data, preliminarily established input and
output indicators of 1995 —2004, evaluated relative production ef-
ficiency of agricultural resource for agricultural production region
by Data Envelopment Analysis ( DEA) approach, determined
weight of the second level indicator by analytic hierarchy process
(AHP) when evaluating development level of circular agriculture
in specific region, and determined weight of specific indicators by
entropy method, to accurately measure development level and
stage of circular agriculture in western region. Hu Yanxia and Li
Hong (2009), taking Nanhanji Village marsh gas station and pig
farm in Zhoukoudian Town in Fangshan District as research ob-
ject, made comprehensive evaluation on benefit of ecological eco-
nomic system for marsh gas fermentation system and their mutual
cycle of typical pig farms in Beijing suburbs by energy, emergy
and economic evaluation method separately. Huo Xiaomei, Wu
Zhiyong and Liu Jiashun (2010) established 4 modules (reduced
input of resources, resource recycling use, environmental safety
quality and agricultural development level ) and 12 indicators of
comprehensive evaluation system for circular agricultural develop-
ment, determined indicator weight by AHP approach, and evalua-
ted development situation by comprehensive evaluation method. Li
Juan and Ming Deyan (2010) extracted common factors among 12
driving factors influencing development of circular agriculture with
the aid of SPSS software and made comprehensive analysis and re-
search on driving factors and practice model of circular agricultural
development of Nanchang City. Zhang Lichao (2011) selected 22
factors in accordance with principle of evaluation indicator system
for circular agriculture, converted many indicators into several
comprehensive indicators by principal component analysis ( PCA)
method using dimension reduction thought on the precondition of
losing little information, and made analysis on samples by CCR
model of DEA approach.

From the above statement, making evaluation on development
of circular agriculture only from input and output is limited, while
measurement from economy, society and environment is too broad
and fails to reflect characteristics of circular agriculture. There-
fore, on the basis of researches of these scholars, with reference to
merits and demerits, and in combination with development situa-
tion of circular agricultural development in Chongqing, we estab-
lished the evaluation indicator system for development of circular
agriculture in Chongqing, with circular agricultural development
evaluation indicator system as target hierarchy, and socio-econom-
ic development, reduced resource input, resource recycling use,
and resource environmental safety as criterion hierarchy, as listed
in Table 1.

3.3 Determination of evaluation methods Four major meth-

ods are used by scholars in evaluating development of circular ag-
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riculture; (i) DEA method; (ii) emergy analysis of input and
output; (iii) factor analysis and PCA; (iv) AHP and entropy
method. These methods have merits and demerits. Considering da-

ta availability and sample size, we adopted qualitative and quanti-

Table 1 Evaluation indicator system for development of circular agriculture

tative combined AHP and gray correlation method to evaluate cir-
cular agriculture in Chongqing. Calculation results of weight are
listed in Table and the final comprehensive evaluation index of

weight multiplied by correlation coefficient is listed in Table 2.

Target hierarchy Criterion hierarchy Indicator hierarchy Weight
Evaluation indicator system for circular agriculture Socio-economic development Per capita GDP of agriculture 0.0330
Per capita net income of rural residents 0.044 5

Output value of unit sown area 0.012 6

Per capita share of grain 0.0229

Per capita output value of agricultural labor 0.017 0

Engel coefficient of rural residents 0.060 0

Reduced input of resources Intensity of fertilizer application 0.059 1

Intensity of pesticide application 0.077 9

Intensity of agricultural film application 0.044 8

Intensity of machine use 0.1357

Energy consumption index 0.102 8

Recycling use of resources Multiple crop index 0.1325

Straw utilization rate 0.083 5

Manure utilization rate 0.052 6

Resource and environmental safety Forest coverage 0.059 9

Effective irrigation coefficient 0.023 8

Per capita farmland area 0.037 7

Table 2 Comprehensive evaluation index for development of circular agriculture in Chongging

Comprehensive Socio-economic Reduced resource Resource recycling Resource and environmental
Year L L . S L Lo
evaluation index development evaluation index input evaluation index use evaluation index safety evaluation index

2000 0.711 4 0.080 7 0.4203 0.168 7 0.0417
2001 0.638 6 0.072 8 0.369 6 0.153 2 0.0429
2002 0.653 3 0.073 8 0.304 8 0.2253 0.049 4
2003 0.579 4 0.079 0 0.265 8 0.1750 0.059 5
2004 0.577 6 0.080 6 0.263 1 0.183 9 0.050 0
2005 0.581 2 0.088 1 0.244 4 0.194 3 0.054 3
2006 0.416 2 0.073 6 0.1843 0.099 6 0.058 6
2007 0.414 4 0.081 2 0.1757 0.0959 0.061 6
2008 0.4395 0.090 6 0.167 5 0.108 9 0.0725
2009 0.452 8 0.102 1 0.157 2 0.116 7 0.076 9
2010 0.4759 0.114 0 0.1549 0.120 8 0.086 2
2011 0.510 0 0.1375 0.1533 0.122 0 0.097 1
2012 0.594 1 0.182 5 0.163 2 0.126 9 0.121 4
4 Comprehensive evaluation of development of circu- 0.800 0
lar agriculture in Chongqing
4.1 Opverall development trend According to comprehensive 0. 600 0
evaluation index, it is able to obtain overall trend curve (as shown
in Fig. 1) for agricultural development of Chongqing in 2000 — 0. 400 0
2012.

From the above curve, we can see that the overall develop- 0.200 0
ment of circular agriculture in Chongqing takes on rising trend. In
2007, the overall score was the lowest at 0. 4144; in 2000, it oL — —~ p——
reached 0.7114. Thus, the overall development can be generally S £ S5 S8 s5s8<s s 3 3 8
divided into two stages. Year

(1) The first stage is 2000 —2006: at this stage, agriculture Fig.1  Overall development curve for circular agriculture of

of Chongging was in the period of transition from traditional exten-
sive growth mode to circular agriculture; the circular agriculture is
still at exploration stage; the awareness of reduced resource input
and recycling use is low; the pursuit of rapid economic growth re-

sults in high energy consumption; in addition to negative influence

Chongging in 2000 —2012
of industrialization and urbanization, the environmental pollution
is serious, so this stage takes on overall decline trend.
(2) The second stage is 2007 — 2012 this stage takes on

gradual rising trend mainly because the understanding of circular
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economy is deep; both central to local government increasingly at-
tached great importance to circular agriculture. Chongqing Munic-
ipal government formulated the Eleventh Five — Year Plan for De-
velopment of Circular Economy in Chongging Municipality, stating
that it is required to energetically develop circular agriculture,
promote planting industry to provide feed for breeding industry,
and the breeding industry can provide fertilizer for planting indus-
try, and planting and breeding industries can provide raw materi-
als for processing industries, so as to realize coordinated develop-
ment of agriculture, forestry, animal husbandry, and fishery. The
concept of ecological leisure agriculture and green agriculture is
gradually permeated into agricultural production and farmers’ life,
such as pig — marsh gas model in rural area. They set up vertical
farming model, pond - lotus planting — fishing model, rape
flower sightseeing site, and grape picking garden. These models
are seen everywhere in rural areas of Chongqing. In this situation,
agricultural resources are effectively utilized, environmental de-
struction is effectively contained, and the development level of cir-
cular agriculture is rising.

4.2 C(lassification indicators As shown in Fig. 2, in the
process of development of circular agriculture in Chongging:

(1) Reduced resource input takes on gradual reduction
trend. The index dropped from 0.420 3 in 2000 to 0.163 2 in
2012, showing high agricultural energy consumption. According to
the Statistical Yearbook of Chongqing Municipality, in 2000 —
2012, the fertilizer application rose from 720 000 tons to 960 200
tons, pesticide application rose from 18 500 tons to 19 500 tons,
agricultural film application rose from 19 600 tons to 40 900 tons,
total power of agricultural machinery rose from 5 864 700 kW to
11 620 000 kW, and rural power consumption rose from
2 787 280 000 kWh to 7 380 000 000 kWh.

(2) Recycling use of resources takes on rising trend. This
should mainly give the credit to deeper understanding of circular
economy. With increasing of awareness for circular economy, peo-
ple start to return straws to field and generate marsh gas by ma-
nure. The farmland utilization degree is higher and higher, recy-
cling use of wastes reduces discharge of wastes, and it has made
great achievement.

(3) Socio-economic development takes on rising trend, in-
creasing from 0.080 7 in 2000 to 0. 182 5 in 2012. This is mainly
benefited from rapid economic development: per capita net income
of rural resident household reached 5 859.3 yuan in 2012, which
was 4 times in 2000, 9. 4% lower than in 2000; from 2000 to
2012, per capita agricultural GDP rose from 1 333.76 yuan to 6
644.69 yuan; the output value of unit sown area rose from 8 824.
45 yuan/hectare to 37 254. 67 yuan/hectare; grain yield per unit
area rose from 4. 08 tons to 5. 04 tons; per capita output value of
agricultural labor rose from 2 657. 53 yuan to 14 205. 58 yuan, and
technical skill of labors is improved.

(4) Resource and environmental safety also takes on gradual
rising trend, with index increasing from 0. 041 7 in 2000 to 0. 121

4 in 2012. This is mainly benefited from increase of people’s

awareness for environmental protection. The emission of " three
wastes" was reduced and farmland was protected. In 2000 —2012,
the forest coverage, effective irrigation coefficient, and per capita
farmland area rose from 23. 10% , 39.54% , and 0. 09 hectare/
person to 42.10% , 48.08% and 0. 12% hectare/person respec-
tively.

(0 450" 0 —— Socio—economic development
0.400 0 —a— Reduced input of resources
0.350 0 —— Recycling use of resources
— Resource and environmental safety
0. 300 0
0.250 0

= — o o = uy =] o~ oo (=23 = — (o]

= = = = = = = = = = — — —

= = = = = = = = = = = = =

o o o o o o o o o o o o o
Year

Fig.2 Classification curve for development of circular agricul-
ture of Chongging in 2000 —2012

4.3 Achievements and problems (1) Achievements: since
2000, agricultural development level of Chongqing was significant-
ly improved. The curve of social and economic development and
increase in per capita agricultural GDP and per capita net income
of farmers fully demonstrate this. Resource and environmental
safety was protected and takes on rising trend, indicating that
people’s awareness for environmental protection is strengthened,
recycling use of resources is valued, and emission of wastes is re-
duced.

(2) Existing problems: low agricultural scientific and tech-
nological level; agricultural development mainly relies on con-
sumption of resources, leading to decline trend in reduced input of
resources, extensive application of chemical fertilizer and pesti-
cide, but the utilization efficiency is not high. Besides, the farm-
land resource is scarce. With influence of comparative benefit of
industrialization, some counties run after only benefits, leading to
occupation of much farmland. In 2013, the farmland area of
Chongqing only accounted for 17.76% of its total land area, and
the per capita farmland area was only 0. 65 mu, lower than the 0. 8
mu red line set by FAO. The per capita grain share also decreased
year by year, from annual 0.37 ton per capita in 2000 to 0. 34 ton
per capita in 2012. Therefore, it is required to improve technical
level and quality of labors, raise resource utilization efficiency,
and reduce agricultural energy consumption and environmental

pollution.

S Countermeasures and recommendations for devel-
opment of circular agriculture in Chongqing

In line with existing problems in development of circular agricul-
ture in Chongging, it is recommended to explore characteristic ag-
ricultural modernization path, energetically develop high profitable

agriculture, promote agricultural technological progress, reduce
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resource input, ensure grain safety, and promote increase of
farmers’ income on the basis of local characteristics, resource en-
dowment, development foundation, functional orientation, and
comparative advantages.

From industrial distribution of 5 functional zones, it can be
seen that in 2012, the proportion of primary, secondary, and terti-
ary industries was 8.2:52.4:39. 4, in the urban function core
zone, the proportion was 0.7:42.7.56.6, showing high proportion
of the tertiary industry, which is consistent with developing high
end service industry in the plan; in the urban function extension
zone , the proportion was 4.4:62.4.33.1; in the new urban devel-
opment zone, the proportion was 11. 8:58.6:29.6, in these two
zones, the proportion of secondary industry was higher than 50% ,
which is basically consistent with the plan of raising urbanization
level; in the northeast Chongging ecological conservation zone,
the proportion was 14.9:49.3:35. 8, in the southeast Chongging
ecological protection zone, the proportion was 16.0:48. 6.35.3,
the proportion of secondary industry was much higher than the pri-
mary industry, which has a large gap with the plan. On the
whole, the proportion of agriculture in northeast and southeast
Chongging zones is the highest among 5 functional zones. There-
fore, the development of circular agriculture should focus on
northeast Chongqing ecological conservation zone and southeast
Chongqing ecological protection zone, attach importance to devel-
opment of characteristic profitable agriculture, and properly treat
the relationship between agricultural development and ecological
and environmental protection. Specifically, following measures
should be taken.

5.1 Reducing input of agricultural production materials and
increasing utilization efficiency of agricultural resources It is
recommended to put an end to the serious energy consumption, ex-
cessive application of chemical fertilizer and pesticide in the de-
velopment of circular agriculture in Chongging. On the one hand,
competent authorities should energetically popularize technology of
testing soil for formulated fertilization, guide farmers to apply farm
manure, return straws to fields, increase organic matter of farm-
land, and reduce application of chemical fertilizer. On the other
hand, they should extend technology of proper pesticide applica-
tion, provide training for farmers in safe use of pesticide, guide
farmers to use high-effective and low-residue pesticide, forbid ex-
cessive use of pesticide and high toxic pesticide, and widely carry
out comprehensive prevention and control of plant diseases and in-
sect pests.

5.2 Strengthening land management and increasing farm-
land utilization efficiency It is proposed to strengthen land
management and increase farmland utilization efficiency, to ensure
grain safety under the guidance of Scientific Outlook on Develop-
ment and concept of sustainable development. Firstly, it should
enhance farmland protection, implement strict farmland protection
system, strictly prohibit occupation of agricultural land, and avoid
ineffective input and waste of farmland as much as possible. Sec-

ondly, farmland development should be strengthened, to take full

advantage of waste mountains and slope land, actively introduce
and develop excellent crop varieties suitable for barren land or ad-
verse environment, speed up transformation of medium and low
yield field, and increase farmland fertility. Thirdly, it should take
full advantage of mountain characteristics of Chongging, rely on
garden facilities, use advanced variety technology, cultivation
technology, and vertical development technology, establish a
multi-level and multi-series industrial structure, and implement
relay cropping to take full advantage of farmland resources.

5.3 Promoting agricultural sci-tech progress and attaching
importance to personnel training Science and technology are
foundation and motive force for development of circular agricul-
ture. Thus, it is recommended to set up technological support sys-
tem for circular agriculture. Firstly, it is required to improve agri-
cultural sci-tech development system, strengthen basic research of
agricultural science, focus on low-pollution agricultural production
technology, renewable resource recycling technology and green
manufacturing technology, and establish comprehensive system in-
tegrating agriculture, forestry, animal husbandry, sideline produc-
tion and fishery favorable for ecological balance. Secondly, it
should enhance technological exchange of circular agriculture, set
up agricultural production technological exchange platform through
organizing sci-tech achievement consulting meetings and sci-tech
trading activities, actively introduce domestic and foreign ad-
vanced agricultural technologies, strengthen cooperation with uni-
versities, colleges and scientific research institutions, found key
laboratory, and establish technological innovation system for circu-
lar agriculture. Besides, it should enhance training of farmers, to
make more farmers become technical experts and core force in ag-
ricultural development, and establish agricultural technological
talent team.

5.4 Establishing green agricultural accounting system and
enhancing incentive and constraint functions of policies In
the process of development of circular agriculture, both farmers
and enterprises will come across obstacles of funds and technolo-
gies, thus government should provide corresponding policy system
as support and guarantee. Firstly, it should set up green agricul-
tural counting system, reflecting economic benefits and level of ag-
ricultural pollution and resource cost. Secondly, government
should bring into play incentive and restraint functions of policies,
provide financial support for enterprises and farmers of circular ag-
riculture, green agriculture, ecological agriculture, and enhance
construction of infrastructure and auxiliary facilities. For enterpri-
ses with high technological content and low environmental pollu-
tion, it is recommended to provide preferential policies in invest-
ment and financing and provide corresponding financial subsidy.
For enterprises adopting renewable resources, clean production,
recycling use, and comprehensive control, government should re-
duce or exempt certain taxes to encourage more enterprises to par-
ticipate in production of circular agriculture. In addition, fore
those enterprises with high agricultural pollution, it is required to

enlarge scope of taxes, to control high consumption and high pol-
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lution and protect ecological environment.
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