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1. Problem definition

We have 83 experimental instances for ammonia emission from field-applied manure (see Table A1 and Weka file <ammonia_emission_pig83.arff>). Suppose that there are 11 factors influencing ammonia emission. Table 1 shows these 11 factors. Lim et al. (2007) suggested an artificial neural network approach to predict the ammonia emission and obtained relative significance of the 11 ammonia emission factors.

Using Weka (Written and Franck, 2007), test the following models, analyze the results, and give some new ideas.


1) multivariable linear regression model

2) model tree


3) artificial neural network


4) others

2. Evaluation points

1) Application capability of Weka to the ammonia emission problem.

2) Critical and integrative thinking on the results from Weka.
3) Creative thinking for the prediction of ammonia and relative significance evaluation of ammonia emission factors.  

Table 1. 11 independent variables influencing ammonia volatilization from field-applied pig manure.

	No.
	Variables
	Index
	Range
	Units or variable description

	1

2
	soil
	type

pH
	p1

p2
	[1, 3]

[5, 8]
	1=sandy, 2=clay, 3=loam



	3

4
	weather
	Air Temperature during exp.

Wind speed 
	p3

p4
	[0, 28]

[0, 6.5]
	oC

m/s

	5

6

7
	Manure
	Dry matter

TAN*

pH
	p5
p6

p7
	[1.0, 11.5]

[1.5, 6.5]

[6.5, 8]
	%

(g-nitrogen)/(kg-manure)

	8

9

10
	Agronomic factors
	Manure application method

Application rate

Crops type
	p8

p9

p10
	[0, 3]

[7.5, 60]

[1, 4]
	0=broad spread, 1=band spread, 2=trailing shoe, 3=Open-slot injection

(ton-slurry)/(ha-field)

1=Grass, 2=Stubble, 3=bare soil, 

4=Growing crops

	11
	Measuring technique
	p11
	[1, 3]
	1=wind tunnel, 2=micrometeological mass balance technique, 3=JTI or equilibrium concentration method

	Nmax(kg/ha)
	25.9

(standard deviation=22.9)
	Km (hr)
	8.35

(standard deviation =12.26)


* TAN : total ammoniacal nigrogen (=NH3 + NH4+)

Table A1. Michaelis-Menten equation parameters derived from experimental data measured at 11 input variables for field-applied pig manure (Sommer, 2000).

	no.
	Km
	Nmax
	p1
	p2
	p3
	p4
	p5
	p6
	p7
	p8
	p9
	p10
	p11

	1
	14.05 
	21.12 
	1
	6.60 
	12.1
	3.1
	3.9
	3.9
	7.9
	0
	30
	3 
	1 

	2
	10.30 
	24.66 
	1
	6.60 
	12.1
	3.4
	3.9
	3.9
	7.9
	0
	30
	3 
	1 

	3
	13.70 
	38.30 
	1
	6.60 
	10.8
	3
	3.9
	3.9
	7.9
	0
	30
	3 
	1 

	4
	17.60 
	15.87 
	1
	6.60 
	10.8
	3.1
	3.9
	3.9
	7.9
	0
	30
	3 
	1 

	5
	85.40 
	35.75 
	1
	6.60 
	10.8
	3.2
	3.9
	3.9
	7.9
	0
	30
	3 
	1 

	6
	38.74 
	21.83 
	1
	6.60 
	6.1
	2.8
	3.9
	2
	7.9
	0
	30
	3 
	1 

	7
	44.45 
	14.41 
	1
	6.60 
	6.1
	3.2
	3.9
	2
	7.9
	0
	30
	3 
	1 

	8
	13.54 
	28.67 
	1
	6.60 
	6.1
	3
	3.9
	2
	7.9
	0
	30
	3 
	1 

	9
	14.64 
	5.99 
	1
	6.60 
	5.1
	3
	3.9
	2
	7.9
	0
	30
	3 
	1 

	10
	22.89 
	26.34 
	1
	6.60 
	3.1
	2.9
	3.9
	2
	7.9
	0
	30
	3 
	1 

	11
	18.36 
	12.41 
	1
	6.60 
	3.1
	3.2
	3.9
	2
	7.9
	0
	30
	3 
	1 

	12
	34.61 
	17.03 
	1
	6.60 
	3.1
	3
	3.9
	2
	7.9
	0
	30
	3 
	1 

	13
	1.07 
	9.06 
	3
	6.30 
	8.41
	5.78
	3.70
	3.84
	7.35
	0
	31.8
	4 
	2 

	14
	4.62 
	9.11 
	3
	6.30 
	8.44
	5.74
	3.30
	3.81
	7.48
	1
	26.0
	4 
	2 

	15
	0.63 
	8.93 
	3
	6.30 
	14
	4.19
	3.50
	3.93
	7.66
	0
	30.9
	4 
	2 

	16
	4.55 
	4.01 
	3
	6.30 
	14.06
	4.22
	3.50
	3.57
	7.64
	1
	26.5
	4 
	2 

	17
	3.12 
	14.37 
	3
	6.30 
	11.4
	6.31
	3.10
	3.54
	7.53
	0
	30.9
	4 
	2 

	18
	2.06 
	2.72 
	3
	6.30 
	11.4
	6.31
	3.00
	3.33
	7.53
	1
	25.5
	4 
	2 

	19
	2.15 
	7.92 
	3
	6.30 
	8.86
	5.17
	3.40
	3.06
	7.55
	0
	24.3
	4 
	2 

	20
	3.39 
	10.80 
	3
	6.30 
	8.86
	5.17
	3.20
	3.09
	7.56
	1
	19.4
	4 
	2 

	21
	0.86 
	8.02 
	3
	6.30 
	10.81
	4.06
	3.40
	3.17
	7.76
	0
	27.5
	4 
	2 

	22
	5.98 
	6.93 
	3
	6.30 
	10.81
	4.06
	2.80
	2.70
	7.71
	1
	21.6
	4 
	2 

	23
	1.18 
	10.18 
	3
	6.30 
	10.57
	6.34
	3.40
	3.16
	7.61
	0
	24.9
	4 
	2 

	24
	3.46 
	6.76 
	3
	6.30 
	10.65
	6.34
	2.70
	2.60
	7.58
	1
	24.2
	4 
	2 

	25
	1.40 
	6.87 
	3
	6.30 
	12.85
	4.31
	5.20
	1.49
	6.70
	0
	38.3
	4 
	2 

	26
	4.93 
	5.39 
	3
	6.30 
	12.75
	4.3
	5.20
	1.49
	6.70
	1
	31.3
	4 
	2 

	27
	2.49 
	10.52 
	3
	6.30 
	5.87
	5.52
	6.90
	3.65
	7.01
	0
	34.4
	4 
	2 

	28
	4.65 
	12.54 
	3
	6.30 
	5.87
	5.52
	6.90
	3.65
	7.01
	1
	22.9
	4 
	2 

	29
	2.97 
	17.98 
	3
	6.30 
	10.93
	4.91
	4.20
	3.44
	6.97
	0
	31.9
	4 
	2 

	30
	3.77 
	9.03 
	3
	6.30 
	10.93
	4.91
	4.20
	3.44
	6.97
	1
	31.3
	4 
	2 

	31
	34.67 
	15.75 
	2
	7.80 
	0.85
	3.15
	1.93
	3.00
	7.52
	1
	28.7
	4 
	2 

	32
	0.64 
	0.65 
	2
	7.65 
	5.5
	4.37
	2.79
	2.80
	7.66
	1
	29.9
	3 
	2 

	33
	9.23 
	13.95 
	2
	7.49 
	9.62
	3.58
	3.56
	3.2
	7.63
	1
	30.2
	4 
	2 

	34
	16.84 
	41.90 
	2
	7.46 
	11.65
	3.85
	3.54
	2.8
	7.66
	1
	30.2
	4 
	2 

	35
	12.79 
	26.42 
	2
	6.91 
	15.05
	2.82
	3.76
	2.6
	7.42
	1
	30.9
	4 
	2 

	36
	2.33 
	7.12 
	2
	7.47 
	15.12
	2.85
	4.04
	2.69
	7.51
	1
	31.2
	4 
	2 

	37
	3.31 
	4.81 
	2
	7.69 
	17.03
	2.08
	3.7
	2.4
	7.52
	1
	31.1
	4 
	2 

	38
	6.05 
	5.02 
	2
	7.74 
	17.15
	1.88
	3.44
	2.45
	7.68
	1
	31.3
	4 
	2 

	39
	7.64 
	9.85 
	2
	8.00 
	15.7
	1.8
	11.30
	6.31
	8.00
	2
	7.9
	1 
	2 

	40
	3.92 
	26.46 
	2
	8.00 
	15.89
	1.75
	11.30
	6.31
	8.00
	2
	14.9
	1 
	2 

	41
	1.29 
	79.66 
	2
	8.00 
	12.93
	1.8
	11.30
	6.31
	8.00
	0
	17.5
	1 
	2 

	42
	5.60 
	13.17 
	2
	8.00 
	15.71
	1.8
	11.30
	6.31
	8.00
	3
	17.3
	1 
	2 

	43
	0.74 
	21.00 
	2
	7.80 
	24
	1.88
	5.13
	3.51
	7.8
	0
	8.4
	1 
	2 

	44
	5.34 
	9.87 
	2
	7.30 
	7.29
	5.11
	8.66
	5.00
	7.30
	2
	12.0
	1 
	2 

	45
	4.77 
	84.11 
	2
	7.30 
	7.29
	4.98
	8.66
	5.00
	7.30
	0
	16.3
	1 
	2 

	46
	3.07 
	88.30 
	2
	7.30 
	7.3
	5.14
	8.66
	5.03
	7.3
	0
	15.2
	1 
	2 

	47
	4.05 
	4.54 
	2
	7.30 
	7.34
	5.19
	8.66
	5.03
	7.3
	2
	10.6
	1 
	2 

	48
	22.31 
	32.65 
	2
	5.14 
	8.31
	0.93
	3.07
	4.02
	7.50
	0
	40.0
	1 
	1 

	49
	5.75 
	31.79 
	2
	5.14 
	8.36
	1.15
	3.07
	4.02
	7.50
	0
	40.0
	1 
	1 

	50
	5.36 
	41.71 
	2
	5.14 
	8.36
	1.04
	3.07
	4.02
	7.50
	0
	40.0
	1 
	1 

	51
	2.66 
	32.04 
	2
	5.88 
	8.59
	1.05
	4.01
	4.14
	7.44
	0
	40.0
	1 
	1 

	52
	8.13 
	30.23 
	2
	5.88 
	8.59
	1.15
	4.01
	4.14
	7.44
	0
	40.0
	1 
	1 

	53
	2.46 
	45.66 
	2
	5.88 
	8.59
	1.06
	4.01
	4.14
	7.44
	0
	40.0
	1 
	1 

	54
	1.86 
	27.37 
	3
	5.71 
	18.3
	0.95
	1.52
	2.00
	7.47
	0
	40.0
	1 
	1 

	55
	1.99 
	34.97 
	3
	5.71 
	18.3
	0.87
	1.52
	2.00
	7.47
	0
	40.0
	1 
	1 

	56
	1.22 
	29.02 
	3
	5.71 
	18.3
	1.13
	1.52
	2.00
	7.47
	0
	40.0
	1 
	1 

	57
	3.89 
	17.96 
	3
	5.75 
	5.05
	1.06
	1.72
	3.71
	7.38
	0
	40.0
	1 
	1 

	58
	6.25 
	22.39 
	3
	5.75 
	5.05
	1.05
	1.72
	3.71
	7.38
	0
	40.0
	1 
	1 

	59
	5.30 
	20.45 
	3
	5.75 
	5.05
	1.17
	1.72
	3.71
	7.38
	0
	40.0
	1 
	1 

	60
	3.27 
	24.68 
	3
	5.46 
	4.9
	1.04
	2.06
	3.05
	7.45
	0
	40.0
	1 
	1 

	61
	2.41 
	21.96 
	3
	5.46 
	4.9
	1.24
	2.06
	3.05
	7.45
	0
	40.0
	1 
	1 

	62
	6.34 
	28.44 
	3
	5.46 
	4.9
	1.14
	2.06
	3.05
	7.45
	0
	40.0
	1 
	1 

	63
	3.94 
	9.09 
	2
	7.90 
	21.58
	0.50
	4.74
	3.19
	7.17
	0
	40
	2 
	1 

	64
	1.71 
	11.85 
	2
	7.90 
	21.58
	1.90
	4.74
	3.19
	7.17
	0
	40
	2 
	1 

	65
	2.13 
	37.45 
	2
	7.90 
	21.58
	2.92
	4.74
	3.19
	7.17
	0
	40
	2 
	1 

	66
	2.65 
	9.70 
	2
	7.90 
	21.58
	0.89
	4.74
	3.19
	7.17
	0
	40
	2 
	1 

	67
	2.33 
	23.32 
	2
	7.90 
	21.58
	1.95
	4.74
	3.19
	7.17
	0
	40
	2 
	1 

	68
	2.17 
	39.82 
	2
	7.90 
	21.58
	2.93
	4.74
	3.19
	7.17
	0
	40
	2 
	1 

	69
	3.15 
	10.00 
	2
	7.90 
	21.58
	0.49
	4.74
	3.19
	7.17
	0
	40
	2 
	1 

	70
	3.41 
	50.16 
	2
	7.90 
	21.58
	4.07
	4.74
	3.19
	7.17
	0
	40
	2 
	1 

	71
	3.21 
	22.70 
	2
	7.90 
	21.58
	0.95
	4.74
	3.19
	7.17
	0
	40
	2 
	1 

	72
	2.78 
	75.87 
	2
	7.90 
	21.58
	4.01
	4.74
	3.19
	7.17
	0
	40
	2 
	1 

	73
	5.82 
	5.77 
	3
	7.50 
	17.02
	0.82
	10.50
	3.75
	7.77
	3
	40.0
	2 
	1 

	74
	5.35 
	33.62 
	3
	7.50 
	17.02
	0.73
	10.50
	3.75
	7.77
	0
	40.0
	2 
	1 

	75
	5.03 
	22.59 
	3
	7.50 
	17.02
	0.69
	10.50
	3.75
	7.77
	0
	40.0
	2 
	1 

	76
	1.92 
	108.42 
	3
	7.50 
	27.31
	1.38
	4.36
	2.58
	7.85
	0
	58.0
	1 
	3 

	77
	1.51 
	89.03 
	3
	7.50 
	27.31
	1.38
	4.03
	2.56
	7.99
	0
	58.0
	1 
	3 

	78
	8.02 
	95.34 
	3
	7.50 
	27.31
	1.38
	3.96
	2.50
	7.82
	1
	58.0
	1 
	3 

	79
	13.55 
	47.31 
	3
	7.60 
	17.81
	0.76
	11.00
	3.70
	7.77
	1
	35.0
	2 
	1 

	80
	12.49 
	47.78 
	3
	7.60 
	17.81
	0.85
	11.00
	3.70
	7.77
	1
	35.0
	2 
	1 

	81
	3.79 
	35.79 
	3
	7.60 
	17.81
	0.82
	11.00
	3.70
	7.77
	1
	35.0
	2 
	1 

	82
	1.90 
	33.74 
	3
	7.60 
	22.39
	0.77
	6.17
	2.49
	7.25
	0
	45.0
	2 
	1 

	83
	22.85 
	22.42 
	3
	7.60 
	22.39
	0.66
	6.17
	2.49
	7.25
	1
	45.0
	2 
	1 

	Min.
	0.63 
	0.65 
	1
	5.14
	0.85
	0.49 
	1.52
	1.49
	6.7
	0
	7.9
	1
	1

	Max.
	85.40 
	108.42 
	3
	8
	27.31
	6.34
	11.3
	6.31
	8
	3
	58
	4
	3

	Aver.
	8.35 
	25.89 
	2.31 
	6.84 
	12.83 
	2.78 
	4.87 
	3.36 
	7.53 
	0.43 
	32.73 
	2.43 
	1.49 

	s. d.
	12.26 
	22.88 
	0.71 
	0.85 
	6.53 
	1.76 
	2.73 
	1.03 
	0.31 
	0.70 
	9.97 
	1.23 
	0.57 


A2. Report format
Data mining on ammonia emission from field-applied pig manure using Weka
Miso Kim (misokim@hknu.ac.kr), 200720111
Dept. Chemical engineering, Hankyong National University
Gyonggi-do Anseong Jungangno 167, 456-749 Korea
1. Introduction

1.1 What is data mining?


1.2 Aims of this report


1.3 Overview of this report

2. Ammonia emission from field-applied pig manure

2.1 Ammonia emission factors

2.2 Michaelis-Menten equation

2.3 …


* Each table and each figure have own number and title. Those tables and figures should be well explained in the text.

3. Ammonia emission data mining using Weka

3.1 Multi-variable linear regression

3.2 Model tree

3.3 Artificial neural network approach

3.4 …
4. Conclusions
Appendix

A1. Raw data <ammonia_emission_pig83.arff >

A2. …
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