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Abstract Through a series of exploration based on PSR framework model, for the purpose of building a suitable Chongging agricultural non-

point source pollution evaluation index system model framework, combined with the presence of Chongqing specific agro-environmental issues,

we build a agricultural non-point source pollution assessment index system, and then study the agricultural system pressure, agro-environmental

status and human response in total 3 major categories, develope an agricultural non-point source pollution evaluation index consisting of 3 crite-

ria indicators and 19 indicators. As can be seen from the analysis, pressures and responses tend to increase and decrease linearly, state and

complex have large fluctuations, and their fluctuations are similar mainly due to the elimination of pressures and impact, increasing the impact

for agricultural non-point source pollution.
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1 Introduction

Ecological security is one of the current forefront subjects of sus-
tainable research, reflecting the relationship between economic ac-
tivities of human society and the natural ecological environment
has become a significant part of national security. In China, con-
cept of national eco-environment security was formally proposed in
2000 by the State Council which issued the " Outline of National
Eco-environment" , considering it as environmental protection ob-
jective for the first time in the context of national security’'’.
Since the 21th century, a series of incidents on agricultural or food
contamination have occurred, and each country has to increase the
investment in agricultural science research, agro-technology pro-
motion and agricultural environmental construction, and agricul-
tural ecological security has become a pressing concern around the
world. In recent years, domestic and foreign scholars have done a
lot of exploration of choices in the agricultural ecological security
evaluation objects, index system and evaluation method. The
" Pressure — States — Response" ( PSR) evaluation system pro-
posed by the International Organization for Economic Cooperation
and Development ( OECD) is the foreign exploration result'.
Pressure — State — Response model is built on the interaction and
impacts between human and environmental systems. It also organi-
zes and classifies the environmental indicators with strong system-
icness. PSR model takes advantage of way of thinking of " Pressure
— State — Response" , and rationally analyzes the interaction be-
tween human activities and the natural environment, taking the

pressure (P) caused by human activities on the environment and
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natural resources into account, in which the state (S) of the envi-
ronment and natural resources quality is changed under the pres-
sure, when the status of the environment and resources exceed the
maximum pressure range, resulting in unfavorable conditions for
human survival and development. The community makes the cor-
responding response (R) through a series of environmental, eco-
nomic and policy management practices and legal systems. In this
paper, we aim to build a suitable agricultural non-point source
pollution evaluation index system of Chongqing by analyzing its ag-

ricultural non-point source pollution.

2  Overview of agricultural non-point source pollution
in Chongqing

Since Chongqing became a municipality for over a decade, with
the rapid development of agriculture, agricultural production has
also been greatly developed, and the living quality of peasants has
been greatly improved. However, due to the high consumption of
municipal solid waste with modern lifestyles nowadays, environ-
mental issues have been taken as a major test, in which agricultur-
al non-point source pollution has now become one of the key fac-
tors that restrict agricultural development. Agricultural non-point
source pollution mainly refers to soil erosion and pollution caused
by fertilizer, pesticides, and other livestock in agricultural pro-
duction having become the main source of water pollution in the
recent years, seriously threatening human survival and develop-
ment. Currently, agricultural non-point source pollution has be-
come one of the main threats to water quality in Chongqing. How
to effectively control agricultural non-point source pollution has
become a difficult problem that affects the sustainable development
of agriculture. Nowadays, arable land in Chongging has de-
creased, yet the total amount of chemical fertilizer and relative
chemical fertilizer per unit area has increased, thereby increasing

the pollution™’ .
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3 Chongqing agricultural non-point source pollution
model PSR framework

The agricultural ecological environment problems are mainly shown
in soil erosion, deterioration of water environment, increase of
land pollution, biodiversity destruction and so on. Agricultural ec-
ological environment deterioration is related to congenital fragile
ecological environment, especially caused by human beings’ pur-
suit of economic development. PSR framework model including
economy , society and environment, not only means that the devel-
opment society, economy and human behavior affect the environ-
ment, but also shows that the human behavior and the resulting
state of the environment have an impact on the society. The feed-
back from society is caused by responding to environmental state

. 5
changes resulting response measures .

In this paper, based on
PSR model, combined with specific issues in agricultural non-
point source pollution in Chongqing, we conduct a series of inquir-
ies to construct suitable Chongqing agricultural non-point source
pollution evaluation system. Based on PSR framework model, agri-
cultural non-point source environmental conditions in Chongqing,
level of economic development and other factors, according to the e-
valuation of the relationship between objects in each group, we con-
struct multi-level evaluation index system, and further construct the
agricultural non-point source pollution evaluation system summarized
as hierarchy system.

(1) The target layer; With agricultural non-point source pol-
lution in Chongging as a comprehensive indicator overall, it re-
flects the process and level of ecological safety.

(ii) Criteria layer; Formed by the target layer indicators, it
indicates main factors of agro-environmental system security con-
straints, including pressure, state and response.

(iii) Index layer: It is a method directly reflecting the
amount of the individual data or probabilities, such as chemical
fertilizers usage, organic fertilizer usage levels and so on, and is
also a measure of limited nitrogen and total phosphorus indicators,
various environmental state and water quality standards of agricul-
tural non-point source pollution, and it is the most basic measure
of agricultural non-point source pollution system.

Data mainly come from Chongqing Statistical Yearbook 2012,
Chongging City of Water Resources Bulletin (2001 —2012) , and
the Chongqing Municipal Environmental Statistics Bulletin (2001
-2012).

C,, for the amount of chemical fertilizer (kg/m”) , refers to

chemical fertilizer and pesticide application rate in a unit area,
and is a reflection of soil nitrogen, phosphorus, and drug content;
C,, for the amount of pesticides (kg/hm’) , displays pesticide use
in per unit area, and plays a role in the study of crops or soil pes-
ticides proportion; C,; for the amount of agricultural film (kg/
m’), is the ratio of per unit area covered with agricultural film
with the amount of the per unit area; C, for agricultural popula-
tion (million) , refers to the population who live in rural areas en-
gaged in agricultural production, with agriculture as their main
source of income; C,s for food production (t), refers to the entire
grain harvest; C,; as meat production (kg), refers to the entire
meat production; C,; as egg production (kg), refers to all of the
egg production; C,; as water COD (mg/L) , and COD is chemical
oxidizing agent consuming oxidant to convert the oxygen. It is the
ratio of the total COD with water. Rural sewage COD = (rural/
urban population) X domestic sewage COD; C,, for the amount of
soil erosion (kg), is the total amount of soil erosion; C,; annual
total precipitation (mm) , represents the sum of all precipitation in
a year; C, the forest coverage rate (% ), refers to the total
amount of forest cover per unit area; C,s as surface runoff (one
hundred million cubic meters) , refers to the total amount of sur-
face runoff generated; C,, as water TN, TP(mg/L) , total nitrogen
(TN), total phosphorus(TP), is a measure of water quality. TN
refers to the amount of various forms inorganic and organic nitro-
gen in water, TP refers to the various forms of phosphorus in wa-
ter; C,, is the surface water quality, and is a significant indicator
of prevention of water pollution, protection of surface water quali-
ty, protection of human health and well-maintained ecosystems;
C,, rural Engel coefficient (% ), means food consumption expend-
iture as a proportion of the total population of household income;
Cj, biogas utilization (% ) , means biogas utilization of per unit ar-
ea; C,, crop straw utilization (% ), is the harvest of crops recy-
cling and incineration landfill; C,, for farmers income (million)
is farmer ’s total income obtained from various sources; C,5 organic
fertilizer utilization rate (% ), is the natural decomposition of or-
ganic matter by microbial fermentation of a class or fertilizer use in
agricultural production ratio.

After the hierarchical structure model is built, we complete
the construction expertise to judge scoring matrix, and then sort
through the level and consistency of a single test, the total level of
sorting and consistency test'® | to obtain evaluation index system,

as shown in Table 1.

Table 1 Agricultural non-point source pollution evaluation system in Chongging

The target layer A Criteria layer B and the weight

Index layer C and the weight The total weight

Chongqing agricultural System pressure B, 0.333  C,, chemical fertilizer 0.332 0.111
non-point source pollution C), pesticide usage 0.207 0.069
evaluation system C; usage of agricultural film 0.163 0.054
C,, agriculture quantity (million) of the population 0.130 0.043

C5 food production 0.082 0.027

C,, meat production 0.051 0.017

C,, egg production 0.036 0.012

System status B, 0.333  C,, water COD 0.236 0.079

C,, total amount of soil erosion 0.211

0.070
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(Table 1)
The target layer A Criteria layer B and the weight Index layer C and the weight The total weight
C,, total annual precipitation 0.063 0.021
C,, forest coverage rate 0.050 0.017
C,s surface runoff 0.123 0.041
C,, water TN 0.278 0.093
C,, surface water quality 0.038 0.013
System response B, 0.333 C,, rural Engel coefficient 0.303 0.101
C,, biogas utilization 0.272 0.091
C,; crop straw utilization 0.081 0.027
C,, farmers’ income 0.209 0.070
C,; organic fertilizer utilization 0.134 0.045

The indicators of 2001 —2011 data performed using SPSS Z
normalized results are obtained and adjusted according to actual

situation of positive and negative signs, and we get results of pres-
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Fig.1 Agricultural non-point source pollution pressure — state — response system evaluation results in Chongqing

Fig. 1 (a) shows that on the whole agricultural non-point
source pollution pressure tends to increase linearly, and with the
development of agriculture, agricultural non-point source pollution
pressures have increased, and such trends make agricultural non-
point source pollution become increasingly serious. Fig. 1 (b)
shows the state of agricultural non-point source pollution in the pe-
riod 2005 to 2011. It was negative in 2005 —2010 and there was a
positive change in the 2010 —2011. Agricultural non-point source
pollution experienced a negative increase overall from 2001 to
2011. We can see that the state of agricultural non-point source
pollution is volatile. Fig. 1(c) shows that the response to overall
agricultural non-point source pollution is gradually changed from
negative to positive, showing a positive linear increase in the
state. With the development of agricultural science and technolo-

gy, agricultural non-point source pollution responds in the right

direction, and the agricultural non-point source pollution in re-
sponse to the overall linear trend for agricultural non-point source
pollution impact is smaller. Fig. 1(d) shows that in 2001 —2004,
there was a change from positive to negative values for agricultural
non-point source pollution effects, and comprehensive value de-
creased, mainly due to the reason that agricultural non-point
source pollution response at this stage was relatively low. During
2009 -2011, agricultural non-point source pollution response was
relatively high, but due to the increaseing impact of agricultural
non-point source pollution pressures, at this stage the impact of
agricultural non-point source pollution also showed good condition.
The trend in volatility has certain similarities, primarily because
there are changes in agricultural non-point source pollution pres-
sures and agricultural non-point source pollution response offsets
what each has contributed to.

(To page 77)
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(1i1) As the urbanization tends to be stabilized, the level of
urbanization, and resources and environment reach new coupling,
and the mutual promotion between the two is increasingly promi-
nent, that is, the higher level of urbanization brings the imple-
mentation of ecological protection concept, the demand for land,
water, electricity and other resources tends to be stabilized, and
the industrial pollution is gradually reduced. Likewise, the re-
sources and environment will also actively promote the develop-
ment of urbanization.

(iv) Tt is predicted that the new trend of urbanization devel-
opment in Chongqing will appear in 2020 when the level of urbani-
zation and resources and environment will reach a new round of
balance. Therefore, the development of urbanization in Chongging
still has great potential, and the future optimizing focus lies in in-
vesting in green industry and eco-industry.

4.2 Recommendations

tions

We draw the following recommenda-

(1) Transforming the concept of urban construction to pro-
mote the green urbanization process. In the process of promoting
green urbanization, it is necessary to fully consider the carrying
capacity of regional resources and ecological environment, en-
hance the intensive use of resources, highlight the concept of envi-
ronmental protection, and achieve high quality urbanization at the
cost of low resource consumption and low pollution, so as to make
the social development take a green urbanization road.

(ii) Optimizing the industrial structure to promote scientific
development of urbanization. Chongqing should draw on the re-
gional advantages and policy advantages, to formulate the strategic
emerging industry development plan, build the strategic emerging
industry financing system, and strengthen the policy support, to
promote industrial structure optimization and enhance the scientific
development of urbanization.

(iii) Strengthening the overall planning control to promote
low-carbon urbanization. Chongqing should actively implement the
planning of main functional areas, and coordinate the main func-

tional positioning of different regions; for all types of main func-
tional areas, build the implementation path of emission reduction
to promote low-carbon urban construction.

(iv) Improving the environmental rule of law and strengthe-
ning the urban environment regulation. It is necessary to strength-
en the division of labor of government departments with individual
responsibility, enhance the unified supervision and management of
environmental protection departments, promote the active public
participation, and establish the environmental assessment system,
to actively promote the comprehensive environmental protection
during the urbanization of Chongqing.
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(From page 71)

4 Conclusions

Based on the Chongging market source pollution PSR model
framework , combined with the status quo of Chongqing agricul-
tural non-point source pollution, PSR model is used to construct
index system, and then each index is standardized using SPSS,
to analyze the agricultural non-point source pollution pressures,
state and response, in order to comprehensively assess the agri-
cultural non-point source pollution. And according to the chart
on agricultural non-point source pollution, we analyze the agri-
cultural non-point source pollution pressures and responses, and
the results indicate that the overall trend shows linear increase
and decrease and the agricultural non-point source pollution is in
a state of fluctuation. Through the further analysis and evalua-
tion, it aims to provide a reference for the future quantitative a-

nalysis of agricultural ecological security in Chongging.
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