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Abstract: The emission of ammonia from agricultural system is the main source of atmospheric ammonia and nitrogen fertilizer
application is the main sources of ammonia emission in agriculture. The prediction of the changes in atmospheric ammonia concen-
tration and the determination of the factors driving atmospheric ammonia emission will be benefit to the basis for scientific and ra-
tional farmland management and for control of environmental pollution. In this paper, BP neural network was used to analyze the
concentration of ammonia in farmlands and its relationship with various meteorological factors. The aim was to better understand the
changes in ammonia concentration in farmlands and provide new idea and method of study of ammonia in farmlands. First, farmland
ammonia measured with Laser Analyzer and meteorological monitoring data from May to October 2015 were used to establish a
model for the prediction of farmland ammonia with meteorological factors (air pressure, air temperature, relative humidity, precipita-
tion, wind speed and sunshine hours) as input variables. Secondly, principal component analysis was used to screen meteorological
factors with the strongest effect on the ammonia concentration in farmlands, including air temperature, relative humidity, precipita-
tion and wind speed. Then four main factors and six original factors were used as input variables to predict ammonia concentration in
farmlands in the region. The results showed that the actual ammonia concentration in farmlands was 0.148 5 mg:m™, the predicted
value based on four factors was 0.159 4 mg'-m™ (with predicted error of 7.35%) and the predicted value based on six factors was
0.173 2 mg'm ™ (with predicted error of 16.65%). The range of the relative error of four prediction factors was 1.4%—27.0% and that
of six factors was 1.1%—45.0%. The predicted concentration of ammonia in farmlands varied greatly in the first five days, decreased
gradually and apparently flattened out with time, which was basically consistent with the measured value. Eventually, four factors
were used as input variables in building the prediction model. The predicted values of farmland ammonia concentration used four
factors were more consistent with measured values than that used six factors. It was noted that the established neural network model
after removing redundant factors by principal component analysis method was more effective, and the prediction results were better
than those before screening. The model established had better applicability for selecting key factors, and the prediction accuracy was
higher. The model constructed in this paper for predicting ammonia concentration in farmlands provided more accurate method and
newer idea than before on the analysis of farmland ammonia concentration and the related research.

Keywords: BP neural network; Farmland; Atmospheric ammonia concentration; Meteorological factor; Prediction model;
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Table 1 Sample data of atmospheric ammonia concentration and meteorological factors in farmland of the study area

C--)
Measuring date Measuring Atmospheric ammonia  Air pressure Air temperature Relative humidity Precipitation ~Wind speed ~ Sunshine hours
(year-month-day) time concentration (mg-m™) (hPa) () (%) (mm) (ms™) (h)
2015-05-01 8:00 0.546 3 999 18.7 84 0 4.0 0.5
14 00 0.584 0 999 23.6 70 0 3.0 0
20:00 0.3417 1 000 16.0 91 0 3.5 0
2015-05-02 8:00 0.3023 1002 17.2 78 9.9 0 2.0
14:00 0.370 1 1002 22.4 62 0 25 2.0
20:00 0.410 6 1001 18.0 83 0 0 0
2015-05-03 8:00 0.3457 1002 16.7 92 0 2.7 0
14:00 0.426 9 1 005 229 62 0 3.5 1.1
20:00 0.426 5 1005 18.1 72 0 2.0 0
b
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Fig. 1 Changes of ammonia concentration in winter wheat
farmland before and after fertilization in the 3rd October
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R Table 3  Principal component score coefficient matrix of me-
teorological factors affecting ammonia concentration in farm-
> land
’ Fl Fz F3 F4
Fac- Principal Principal Principal Principal
tor component component component component
5 5 Fy F F3 Fy
, NHZ , X -0.334 -0.378 0.246 0.077
X 0.882 0.260 -0.166 -0.196
, NH; ’
X3 -0.226 0.558 -0.090 0.155
’ X 0.019 0.326 0.907 0.174
1.3 Xs 0.264 -0.291 0.401 -0.607
Xs 0.265 —-0.195 0.008 0.004
5 Xi: 3 Xt 3 Xa: 5 Xy 3 Xs: 3 Xe:
X,: air pressure; X,: air temperature; Xz: relative humidity; Xj:
precipitation; Xs: wind speed; Xs: sunshine hours.
b
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Table 2  Principal component eigenvalues and accumulated , 4 ,
contribution rates of meteorological factors to atmospheric
ammonia concentration in farmland 4 , 6 1
BP 2
Principal Characteristic Contribution Acgumglated 4 6 (
contribution rate
component value rate (%)
(%) )
1 2.229 37.156 37.156 6
b
2 1.540 25.674 62.830
, 6 , 10
3 0.927 15.455 78.285
1 BP
4 0.733 12.211 90.495
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Fig. 2 BP neural network topology for prediction of ammonia concentration in farmland
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