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Potential and Efficiency of Agricultural Pollution Control in China

and Its Influential Factors
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School of Economics, Heifei University of Technology, Hefei 230009, China

Abstract  Agricultural pollution has become the dominant source of water pollution in China and the carbon reduction in agricultural aspect is

pressing. Based on list analysis method, the COD, TN and TP in agriculture in 28 provinces in China from 1995 to 2010 were evaluated and

compared. By dint of directional distance function, the economics mechanism to reduce carbon emission was discussed. The reduction efficien-

cy and potential of three kinds of pollutants were estimated. The regression indicates that the educational degree, income level and work play

a crucial role in carbon emission.
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1 Introduction

At present, agricultural pollution in China has become the second
dominant pollutant of water pollution after the industrial pollution.
According to the first national pollutants report, the COD, TN and
TP in agriculture industry were up to 13.240 9 million tons,
2.704 6 million tons and 0.284 7 million tons respectively in
2007. After the industrial pollution being controlled, agricultural
and rural pollution has become the key of next step. Therefore, in
order to ease the pressure of overall emission reduction, reducing
the agricultural pollution would inevitably be emphasized. Thus,
we have to consider the potential of agricultural pollution emis-
sion, and reduction efficiency. In terms of reduction of agricultur-
al pollution, following key problems should be answered: (1)
What are the status quo and evolvement of agricultural pollution?
What are the distribution characteristics of agricultural pollution in
each place? Right now, there is no more specific statistics besides
of the basic information in 2007, which hinders the formulation of
policies on agricultural pollution emission. (2) What’s the poten-
tial of agricultural pollution control? How is the disparity of poten-
tial and efficiency of carbon emission in each place? These provide
actual basis for the formulation of agricultural pollution target and
policy. (3) What are the factors that restrain the agricultural pol-
lution control? The emissions of COD, TN and TP in each prov-
ince in China were evaluated through list analysis method to study
the status quo and distribution of agricultural pollution in China.
Direction function was applied to study the potential and efficiency
of agricultural pollution control. Factors which influence agricul-
tural pollution control in China were analyzed and reasonable

countermeasures were put forward.
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2 Temporal evolvement and spatial characteristics of
agricultural pollution in China

It is a daunting task for China to keep 22% of world population
alive based on no more than 7% arable lands in the world. To im-
prove the yield per unit area becomes the major objection of mod-
ern agriculture in China amid the population growth, industrializa-
tion and urbanization. As a result, modern agricultural develop-
ment model features "high input, high yield, and high-amount of
wastes" . Especially on the water pollutants, agricultural pollution
and rural pollution have become the primary pollution. We takes
Taihu Lake as an example. Researches by the Nanjing Soil Re-
search Institute of Chinese Academy of Sciences suggest that in-
dustrial pollution only accounted for 10 to 16% of the general ex-
terior pollution, while the non-point pollution of agriculture rose to
59% .

from pure industrial pollution reduction to agriculture and industry

Consequently, the pollution control must be changed

pollution reduction.

However, right now the basic system to investigation agricul-
tural pollution has not been found yet, so it is impossible to learn
the agricultural pollution and its distribution. Corresponding stud-
ies are based on the pollution unit of agriculture and countryside in
each place and the relationship between pollutants and pollution

emission. The formula to evaluation the agricultural pollution was

as follow:
E=3EUp, (1 -n,)C (EU, S) = ZPUp, (1 -n,)C,
(EU,, S) (1)

Here, E stands for the emission of agriculture and country-
side pollution. EU; stands for the statistics of ith indicator; p,
stands for the coefficient of pollution intensity of the ith pollutant;
7, is the coefficient of relevant resources use efficiency; PE, is the
amount of agriculture and countryside pollution, namely maximum
potential pollutants in agricultural production and management; C,
is the emission coefficient of pollutant j in unit i. It is determined

by unit and spatial characteristics, suggesting influences of region-
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al environment, precipitation, hydrology and each kind of man-
agement measure on agriculture and countryside pollution. In ad-
dition, the data for this study mostly come from annual Statistic
Yearbook of China, Rural Statistic Yearbook of China, Chinese Ag-
ricultural Yearbook, Compilation of Statistics in New China in 60
Years, and Provincial Statistics Yearbook.
2.1 Temporal evolvement of agricultural pollution emission
The discharge of COD, TN and TP in each year is shown in Ta-
ble 1. Results suggested that the emission of agriculture and coun-
tryside pollution was more suitable based on list analysis method,
and the analysis methods and indicators are more credible.
Compared with the living COD and industrial COD emission
in China, the agricultural COD is larger than living and industrial
COD in most years, and so is the emission of TN and TP, which

suggests that the agricultural pollution has become the major

Table 1 Total emission of Agricultural pollution (1995 —2009) (10* ton)

source of water pollution in China.

The agricultural pollution emission showed phased features
from 1995 to 2010. It first increased rapidly and then dropped be-
fore increasing slowly, and later decreased again after 2006. In
1997, the drop of produce price, coupled with Southeast Asia fi-
nancial crisis, the development of entire agriculture was restrain-
ed, which made contribution to carbon emission. The COD emis-
sion in 1997 was reduced by 1. 6267 million ton than that in 1996.
Agricultural pollution increased gradually amid the steady develop-
ment of agriculture. The emission of these three kinds of pollutants
grew at the annual average rage of 2% , 1.8% and 1. 6% from
1997 to 2005. After 2006, the three pollutants decreased, which
was closely related to the changes of agricultural structure and re-
duction of husbandry scale. In 2010, there three pollutants in-
creased again, rising by 2.02% , 1.37% and 5.95%.

Year COD TN TP Year COD TN TP

1995 1359.3870 329.1552 43.159 8 2003 1405.108 0 351.096 2 45.802 2
1996 1411.8240 345.722 2 44.3312 2004 1440.572 0 363.893 8 46.902 7
1997 1249.159 0 319.809 5 41.943 5 2005 1461.1470 369.382 3 47.5212
1998 1 318.206 0 334.2350 43.182 4 2006 1 432.064 0 367.399 4 46.867 0
1999 1337.970 0 336.874 0 43.736 5 2007 1 281.595 0 341.673 3 45.406 5
2000 1360.317 0 338.686 6 44.222 9 2008 1299.5300 346.084 8 46.152 4
2001 1359.573 0 340.445 1 44.050 7 2009 1284.4750 346.017 5 46.203 4
2002 1387.197 0 346.749 6 45.296 3 Mean 1 359.208 0 345.148 3 44.985 2

2.2 Spatial characteristics of the agriculture pollution Ac-
cording to Fig. 1, the agricultural pollution emission in different
places showed different characteristics. Four categories can be di-
vided based on emission; I represents the one with large emission,
such as Hebei, Shandong, Henan and Sichuan, etc. II refers to
the one with large emission, such as Anhui, Hubei, Hunan,

Guangxi, Yunnan, Guangdong and Jiangsu, etc. III means places

| |No data
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Fig.1 Annual mean agriculture pollution emission from 1995 to 2009
3 Potential and efficiency of emission reduction agri-
culture industry in China
3.1
Chung, Fare and Grosskopf (1907 ), the environment distance

Study methods and concepts According to theories by

function is defined to get the desirable yield based on given input.

with little pollution, such as Inner Mongolia, Gansu, Hei-
longjiang, Jilin, Liaoning, Jiangxi and Fujian, etc. 1V stands for
places with little emission, such as Shanxi, Qinghai, Beijing,
Tianjin, Shanghai, Shaanxi, and Xinjiang, etc. Apparently, |
and II areas are major places which produce products. The large

population and husbhandry plantation are the major reasons of high

emissions.

g

1-1.
| ¥
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The defined input vector , desirable output vector X = (X, ---,
Xy) e R’

+

undesirableundesirable output, output vector of pollu-
tion Y=(Y,, L, Y,) eR". The three vectors are input, pollution
discharge, and economic output. Input X stands for agricultural

labor force L, fixed asset K and input in agriculture Z, while the
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economic output refers to the total agriculture production value Y.
The possible technological congregation of production

P(X) ={(X", b, Y)IX can produce (Y', b") | (2)

P(X) can meet the possibility of standard production. First,
0 connection: (K, L, E, Y, C) eP. f C=0, Y =0. Second,
weak possibility, (K, L, E, Y, C) eP. f0<Ax<1,(K, L, E,
Y, AC) e P . Third, desirable strong possibility: (K, L, E, Y,
C)eP,if YYsY, (K, L, E, Y, C) eP. Fourth, strong invest-
ment. (K, L, E, Y, C)eP, if (K,L’, F) <(K, L, E),
(K, I’, B, Y, C) e P. Suppose directional vector g = (g,,
g,), geR" xR',, the output directional distance function can be
defined as

D,(X,Y,b; g, g) =maxi{B: (Y+pBg,, b-Bg)Pe
(X)1(3)

D,(X, Y, b; g, g, ) is shorten for D, ( - ).

vector g determines the addition of desirable output and reduction
_4]

Directional

of less-desirable production” The directional vector in this

study supposed g = (y, —=b).

Y(Total output of agriculture) DL LUt 6

Pollution as 'y desirable output

undesfirable output

"""""""""" e
C

0 b(Agricultural emissions)

Fig.2 Economics mechanism of emission reduction in agriculture

D,( +) can get the result through DEA form. Suppose the dis-

tance function of the t" year in the k" province can be written as

ﬁ):maxﬂ
28 28
s LENY = (1+B)Y,,, m=1; INb =(1+B)by,
i=1 (3)
28
ZNX <X, n=1,2,3; 20, t=1995, -, 2009, k =
1, -, 28 (4)

where, X refers to the three input variables, labor force,
fixed asset and agriculture intermediate input. The desirable out-
put and undesirable output refers to the general output of agricul-
ture and three kinds of pollutants. is the weight vector of linear
planning, and the optimal weight value can be get through DEA.
,2/\;}); = (1 -B) by, suggests that it costs to deal with agricultural
output and pollution.

3.2 Potential and efficiency of agriculture pollution control

The data and process method in the calculation are similar to
that in Shi Hui’s experiment”’. The agriculture input, fixed asset
and total production of agriculture were processed according to the
fixed price in 19 952. Results were shown in Table 2.

Table 2 is the regression result of the determiner of three
kinds of pollutants. Results suggest that the panel data is the opti-
mal option. These three kinds of pollutants are applicable to the
fixed effect model as the final evaluation form.

Furthermore, it has been shown that the environment effi-
ciency of output and emission reduction was in a linear relation-
ship with the reduction efficiency of three kinds of pollution,
which suggested that the growth of Chinese agriculture was the re-

sult of win-win situation.

Table 2 Potential and efficiency of emission reduction of agriculture in each place from 1995 to 2009

Places Efficiency COD potential COD efficiency TN potential TN efficiency TP potential TP efficiency
Anhui 0.774 8 22.8122 0.630 9 7.3114 0.554 6 0.8215 0.6337
Beijing 1.000 0 0.000 0 1.000 0 0.000 0 1.000 0 0.000 0 1.000 0
Fujian 1.000 0 0.000 0 1.000 0 0.000 0 1.000 0 0.000 0 1.000 0
Gansu 0.658 7 23.216 9 0.273 5 5.5572 0.294 2 0.657 4 0.358 9
Guangdong 0.957 1 5.880 8 0.906 6 0.583 9 0.959 3 0.1253 0.945 1
Guangxi 0.912 4 14.876 1 0.793 3 1.400 5 0.902 1 0.2553 0.871'1
Guizhou 0.670 9 41.735 1 0.271 0 6.974 8 0.383 0 0.926 6 0.3822
Hebei 0.714 2 44.872 17 0.4270 12.022 2 0.434 0 1.229 6 0.5352
Henan 0.700 9 75.727 7 0.400 5 20.324 5 0.386 4 2.061 8 0.504 2
Heilongjiang 0.827 4 15.144 7 0.646 7 3.479 8 0.683 3 0.209 3 0.829 4
Hubei 0.989 7 0.858 8 0.984 1 0.340 5 0.978 9 0.022 1 0.988 3
Hunan 0.794 5 34.793 9 0.566 7 5.1917 0.697 0 0.759 3 0.694 6
Jiangsu 0.993 9 0.3259 0.993 0 0.221 4 0.987 0 0.0152 0.993 2
Jiangxi 0.918 4 8.0519 0.827 8 1.189 6 0.882 1 0.1823 0.874 3
Jilin 0.803 2 14.840 7 0.590 4 4.546 9 0.550 7 0.115 8 0.876 4
Liaoning 0.9457 4.3130 0.884 7 0.977 6 0.897 1 0.0353 0.969 3
Inner Mongolia 1.000 0 0.000 0 1.000 0 0.0000 1.000 0 0.000 0 1.000 0
Ningxia 0.673 9 4.049 1 0.3452 1.478 7 0.284 6 0.1229 0.432 8
Qinghai 0.606 3 16.123 7 0.200 1 3.549 1 0.250 1 0.2823 0.329 6
Shandong 0.809 1 34.308 4 0.664 7 11.091 7 0.618 7 0.843 3 0.764 9
Shanghai 1.000 0 0.000 0 1.000 0 0.000 0 1.000 0 0.000 0 1.000 0
Shaanxi 0.726 8 13.973 9 0.524 7 4.9825 0.430 5 0.534 1 0.5300
Shanxi 0.693 8 13.624 9 0.4147 3.950 9 0.405 3 0.584 1 0.399 4
Sichuan 0.792 0 68.888 5 0.552'5 8.987 8 0.7177 1.700 9 0.627 3
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(Table 2)
Places Efficiency COD potential COD efficiency TN potential TN efficiency TP potential TP efficiency
Tianjin 0.942 4 0.716 9 0.872 1 0.127 3 0.917 3 0.009 6 0.9520
Xinjiang 0.883 1 4.345 1 0.846 2 2.769 7 0.7320 0.1419 0.8530
Yunnan 0.717 7 44.121 8 0.3823 7.450 8 0.504 3 0.861 7 0.5373
Zhejiang 1.000 0 0.000 0 1.000 0 0.000 0 1.000 0 0.000 0 1.000 0
Sum 0.839 5 507.602 7 0.678 5 114.510 5 0.694 6 12.497 6 0.745 8
East China 0.93 62 90.417 7 0.874 8 25.024 1 0.881 3 2.258 2 0.9159
Central China 0.812 8 185.854 7 0.6327 46.3353 0.642 3 4.756 3 0.7250
West China 0.764 2 231.330 3 0.518 9 43.151 1 0.549 9 5.483 1 0.5922

4 Factors influencing the reduction emission reduc-
tion of pollution in agriculture

Seeing that there are not any standards on energy reduction and
pollution control" | unlike industry and urban city, factors influ-
ence the emission reduction were studied”’. Considering the char-
acteristics of small scale agricultural production, decisions on agri-
cultural production are restricted by family characteristics and fac-
tors. Therefore, factors influencing the agricultural pollution re-
duction will be considered in the angle of agricultural family.

At first, the education of the farmer is an important indicator
of national agricultural modernization, while agricultural techno-
logical training is an essential channel to improve farmers’ educa-
tion level. Besides, the role of produce can be reused. Expected
education degree is an important factor which affects the emission
reduction in agriculture. Next comes income level. There are two
effects on carbon emission control which result from the improve-
ment of farmers’ income; income effect and replacement effect.

Besides, the capacity to engage in agricultural production is an

important factor which determines the agricultural pollution and ef-
ficiency. The plantation per capita reflects how much people de-
pend on the land. The expansion of sowing area per capita shows
scale economic effect. Farmers with high income scale can effec-
tively reduce the fixed income cost and management cost, which
can lower the income per capita. With expansion of sowing area
per capita, it is possible for farmers to replace organic fertilizer
with fertilizer, which in return aggravate the loss of fertilizers.
Meanwhile, the mechanism might limit the running efficiency of
agricultural production.

The dependent variables in this function include emission ef-
ficiency of COD, TN and TP, while the independent variables
cover capital, land scale, population and labor force, salary, edu-
cation and income.

EE, =ay +aly, + ayedu, + ask it + oylb, + aspp, + agland,
+ o, ratio,, (5)

The above-mentioned data are from the annual Statistic Year-

book in China in each country.

Table 3 Regression results of factors influencing emission reduction efficiency

COD TN TP

Emission efficiency — — —

Coefficient t value Coefficient t value Coefficient t value
Constant -1.49° -1.7 1.202" " 2.48 -0.177 -0.329
Capital per capita//K -0.986""" -2.86 -0.409"" -2.34 -0.325 -0.98
Education degree // edu 0.115° 1.85 0.128" 1.98 0.042° "~ 3.378
Sowing area per capita -0.045 0.5 -0.065""" -3.21 -0.155""" -2.091
Income level //y 0.0003" "~ 1.86 0.0002" " " 3.34 0.0002" 1.785
Labor force burden //1b -0.006 0.41 0.016 0.94 -0.014 -0.618
Population // PP -0.018 -1.87" -0.011"" -2.21 -0.013"° —-1.883
Salary ratio 0.023 1.74" 0.021 1.53 0.016 1.86"
R’ 0.708 0.762 0.781
F statistics 24,227 " 18.56" " * 12.69° "
Hausman test 38.11°"° 34.02° " 24.41° "

Note: * stands for significance at the level of 10% , and #* #* stands for significance at the level of 5% , and * * * stands for significance at the level of 1%.

Results suggest that the ratio of education degree per capita,
farmers’ income and salary are related emissions. Every time the
education degree improves for one year, emission efficiency rose
by 0. 115, 0. 128 and 0. 042 respectively, which suggest that vari-
ous education forms are factors influencing the lasting efficiency of
energy reduction. In the long run, agricultural emission control
must change the extensive business model. The labor forces within
the family show some uncertainties. The population within the
family restrains the carbon emission as every single man would re-
duce carbon emission by 0. 018, 0.011 and 0. 013 respectively,

which suggest that too much population would impose great pres-

sure on the production of livestock.

5 Conclusions and policy implications

Agricultural pollution control is an essential part of national carbon
emission reduction, as it not only contributes to ecological envi-
ronment protection, but also improves agricultural production and
living condition, which has great significance towards the goal of
carbon emission reduction. Because of the deficiency of statistics
policy and system of agricultural pollution emission, China would
not have given precise information on agricultural pollution. Based
on list analysis method, the emission of COD, TN and TP in 28
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provinces were evaluated to study the characteristics of temporal
rule and spatial distribution.

(1) Compared with popular data, the emission of agricultural
pollution through list analysis were reasonable. Results suggest
that agriculture pollution has become another large pollution source
and hasn’t been controlled.

(2) DEA method has been applied to evaluate the potential
and efficiency of carbon emission, as well as environment efficiency
under the weak process condition. Results show that the reduction of
COD, TN and TP in agriculture reached an annual rate of 5. 08 mil-
lion ton, 1. 15 million ton and 0. 12 million ton respectively.

(3) Based on the features of Chinese agriculture, this paper
studies factors influencing the improvement of carbon emission.
Results show that education per capita, family income and the sal-
ary had positive effect on carbon emission, while other factors,
fixed capital, sowing area and labor force coefficient as well as
family population would either restrict the improvement of carbon
emission, or show certain uncertainty.

The policy significance of this study is as follows:

Firstly, agricultural pollution is another large source of pollu-
tion after industrial pollution. As economy booms, agricultural
pollution becomes increasingly outstanding, which because the ag-
ricultural pollution directly affect food safety as well the living
condition. Thus, it is imperative to reduce production. Besides,
the potential to reduce carbon emission in Central West China was
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are better than that of bare karst types, so these karst types are
usually gathering areas of agriculture and cities; but it is still
necessary and meaningful to prevent the occurrence of unreasona-
ble land use, and control or cure problems such as the karst
spring exhaustion, secondary karst-rock-desertification and karst
collapses etc. . In buried karst environments, there are soils and
overlying non-soluble rocks above the surface of the carbonate
rocks, so these karst types are the best areas for agricultural pro-
duction. Unreasonable land use which can cause overlaying stra-
ta collapse, soil erosion, and supply area pollution of karst
springs should be prevented. Exploiting gas and coal may result
in deep karst water pollution and land contamination in the min-

ing areas, these phenomena also shall be curbed.
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