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Abstract — As the environmental pollution caused by excessive uses of chemical fertilizers and pesticides is aggravated,
organic farming using pasture and livestock manure is gaining an increased necessity. The application rate of the organic
farming materials to the field is determined as a function of crops and soil types, weather and cultivation surroundings.
When livestock manure is used for organic farming materials, the volatilization of ammonia from field-spread animal
manure is a major source of atmospheric pollution and leads to a significant reduction in the fertilizer value of the manure.
Therefore, an ammonia emission model should be presented to reduce the ammonia emission and to know appropriate
application rate of manure. In this study, the ammonia emission rate from field-applied pig manure is predicted using an
artificial neural network (ANN) method, where the Michaelis-Menten equation is employed for the ammonia emission
rate model. Two model parameters (total loss of ammonia emission rate and time to reach the half of the total emission
rate) of the model are predicted using a feedforward-backpropagation ANN on the basis of the ALFAM (Ammonia Loss
from Field-applied Animal Manure) database in Europe. The relative importance among 15 input variables influencing
ammonia loss is identified using the weight partitioning method. As a result, the ammonia emission is influenced mush
by the weather and the manure state.
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Fig. 1. Nitrogen balance in the field (Moon et al. 2006).
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Fig. 2. Michaelis-Menten model parameter estimation from the experi-
mental data for ammonia emission rate with respect to time
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(squares: experimental data, solid line: model estimation).

Table 1. 15 input variables influencing ammonia volatilization from field-applied pig manure

No. Variables Index Range Units or Comments

; soil glﬁe g; {‘1‘?;]9-2] 1 = sandy, 2 = clay, 3 = loam, 4 = organic

3 weather Max. Temperature: 1*-day P3 [0, 20] °C

4 Min. Temperature: 15-day P4 [0, 20] °C

5 Max. Temperature: 2"-day Ps [0, 20] °C

6 Min. Temperature: 2"-day Ps [0, 20] °C

7 Radiation sum within first two days o2 [500,20000] W/m?

8 Wind speed oM [0, 5] m/s

9 Manure Dry matter Po [1.0, 13.0] %

10 Total nitrogen Pio [1.0,8.5] (g-nitrogen)/(kg-manure)

11 TAN" Pu [0.4, 6.0] (g-nitrogen)/(kg-manure)

12 pH P12 [5,9.2]

13 Agronomic Manure application method P13 [0, 4] 0 = broad spread, 1 = band spread, 2 = trailing shoe, 3 = Open-

factors slot injection, 4 = closed slot injection
14 Application rate Pis [20, 80] (ton-slurry)/(ha-field)
15 Land type Pis [1,4] 1 = Grass, 2 = Stubble, 3 = bare soil, 4 = Growing crops
Npnax(kg/ha) 37.2 (standard deviation = 28.8) K,, (hr) 18.4 (standard deviation = 22.8)

*TAN: total ammoniacal nigrogen
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Fig. 5. Correlation of model parameters (K,, and N,,,.) between measured by experiments and predicted by linear regression model and ANN 15-24-2.

Table 2. Correlation coefficient (R?) and mean square error (MSE) in
linear regression model and ANN 15-24-2

Model R forK,, R for N, MSE
Linear 0.565 0.800 216.3
ANN 15-24-2 0.999 0.999 3.7x10°

Table 3. Relative significance of 15 ammonia emission factors obtained
from ANN 15-24-2

Significance

Input variables index %) rank
Soil (12.9%) Type pl 7.6 3
pH p2 53 13
Weather (42.8%) Max . Air Temp(1%-day)  p3 55 11
Min . Air Temp(1®-day) ~ p4 5.8 9
Max . Air Temp(2™-day)  p5 5.0 15
Min . Air Temp(2™-day)  p6 6.7 6
Radiation for first two days ~ p7 7.4 4
Wind Speed p8 12.5 1
Manure (23.7%) DM p9 5.9 8
Total Nitrogen p10 5.4 12
TAN pll 5.7 10
pH pl12 6.7 6
Agronomic factors Application method pl3 8.4 2
(20.5%) Application Rate (kg/ha) pl4 52 14
Crops Type pl5 7.0 5

15-24-2 T2 B = 7F5*= input-hidden layer A}
A19] (24x15) @BH 7} hidden-output layer Ao]el| 4] 2] (24x2) B4
o]aL o] 5+ AL o] fafe] QIHWUFY] FREE AT Table
38 ANN 15242 F20lA] 7FFAREHS o] gato] QMg
A FLEE EAT Aotk 7P & A G @3%)e] 1L
0] g (24%), AHPER B AR 5(20%), 12|21 EIE
(13%yF 71 5 ol=th 5, 715l we} kol Skl 1A

sskgst Ml4sH HM2= 2007 4

95, =l dEHE & 9 T Uk 53] F5(wind
speed), <5 (temperature), ~12] 12 AJH]HH (application method)>-
ko) 3)ake]| 7 2 kS = xlw mhelwEic),

AR SRR fRUol RS oSekal Fiktel]
AgAmEE F817] $18te] X**L"LEH B v e RS
AAIBIATE. LE Yo} 32 S Michaelis-Menten 2] ©]-8-3}0] ¢
Z3b, o] B QA= PR Q34T 7O R Fate] H]
W3S AFAAE shzol Fost A3 dloleE ALFAM

(¢}
database°i|A]

-11

A2 oF 30001 7 = AdulolE HE e
Fad dole] 47) Mg olgaisint.

PR} Stel] QL T AREL B, 71, B, Al
W Telal AR 231 FoR FHEsle] ArfElloH, ol F 15
Ne] AERFE IEAE Lol ARELE A 71 T
feedforward backpropagation neural network®] ARE-5$1 31, o] W
o thste] FEellA Z1%aolch. ARLAL Lol WE 9F
;(]__7]— 4 Hmaw# gq 5 Q7] o] ke AvATRES 1

ok,

ol Qow, QIFAFYIINE Al sk 5L kg
. A3 mbsow T AEA ) TS Falo] gujo}
Fol 7 JFE T AAES Soh

B 7ol o] 451409 AReIEE olgsio e,
sk Fiol Fgalols S} e Rolck. ot AwHow
10099 7l op] AFHPIElE vhFo R ABNFTE SheAllck
% ), FRE e Aol qlsto] 1 Aakgtel vt
R

ZE3 Addyoler) Ry, B o
& o8Ik, of2] Jelarse] niRH o2 B3tk ¢
shLo} IS vlmH YA oIS 5 A Ao, v
357}olA] A galof 3 Fabte(Eu)e] AL TS AN 5

rLoro i



ATAAEE ol AME iR HES] o} WEsk o5 139

9L ot olel W 57} BAM§A7 L HH0D Uk 5L
71ehe 4 ik

2 AT 20042006 % =+ 3 018t GRRC(Gyeong-gi
regional research center, Project No. 3-1) ZAZHE] 7291 X
& ol =Y F T} ALFAM databaseZ A58l ALFAM (http:/
/www.alfam.dk) ZAIA} Mr. Sommer2} Mr. Hutchingsoll Al ZAFSH
< gt

Ag7IE
K, : time to reach the half of maximum ammonia emission [hr]
N pccumulation - @cCumulation rate of nitrogen into the field [l%:
Nmps : crops uptake flowrate of nitrogen-based ammonia
Neﬁ,m, : effluent flowrate of nitrogen-based ammonia kgh;N
. . L . kg—N
Nieta : application rate per year based on nitrogen
year-ha
N . . . kg—N
et : application rate based on nitrogen -
. . . . kg—N
Nint : influent flowrate of nitrogen-based ammonia .
. . . . kg—N
Ninter : inlet flowrate of nitrogen-based ammonia -
N s : nitrogen-based ammonia flowrate of livestock manure
slurry: [kg/hr-hal)
Ninax :Maximum ammonia emission from field-applied
livestock manure [kg/ha]
. . kg—N
: ammonia loss rate
Nz . hr-ha
Ny : total ammonia loss [kg/ha]
Nouter : outlet flowrate of nitrogen-based ammonia kgh;N
Npengr,m,,-m : penetration flowrate into underground water of nitrogen-
. kg—N
based ammonia
e . kg
Vinitial : initial ammonia loss rate o .ia
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Appendix

Al. Artificial neural network using feedforward backpropagation
method

71881 QA 2= & 719 =S (input layer), 9%
(hidden layerS) F 702] 335 (output layer)®] ol ¥ S3
959 e A7 JEuel e o 2 g &
93 o] e A= P els HAES 714 AdHn

(Plochl, 2001).
Fig. A1 7F8l Q132173 -2 r-1-1(input variable number-
hidden layer neuron number-output variable number)elA2] 4 Q.

a5 BolFth I (p), 7R (w), HAEA(b) 12laL 9%k

(& HofErt
dE o} WEwF oS de] 9 Input layer(JEHZ)oll E017F
T YRR 157 JREA B9, 715, e T8a AFA] &

71 Solt}. Hidden layer@7He)el M= 125k, 7153 (weight),
2] (bias)E ©]-g-3to] Alkstal Mg (transfer function)s ##

ZEZol gk dgdit). of7]elA AREE= %ﬂ%}?—?i— sigmoid
function®]t}. Output layerEE5)E E8E YO Z= 2wl

A 273} 50] Michaelis-Menten & B 2] 2ol A F melelx}

N K,) #H01H, 288M7= purelinear function®] AR-FIT},
e do Rz Zo7h= feate] EFskel e300 dEd

T AAAAE 7447171 $18F] Principle component analysis

(PCAYE ANF217AEe] AAe FP o= ARSHLE Ft p=0, B+
Ax} o=1% EF39 A9 Fh@BE A7) 15x42) D45k

(E-1Fo43= 0.0025) ©]7d2] FAMES 2= AT principle
component®. AT} o] Tl JEprE 1571004 1270
2 ZhAaear, o9 A wigke F3hEAE A7) 12x425 Q13AIE T
g AREFC)

AT P27} AW, 71E] (weight), T4 ] (bias) Tk
Azl @I FHakE ARgste] ellof sh, ol g IS o
% (learning)o|2kaL FI}, BE5E SH 50 il Sk B3O }01 2
Ak 71 A B 4 Qs BA S Solof aich, o
wo] AREE= @ 2F8<= mean square error(MSE)©|T.

E=

(A1)

N7

1 Nuaia
N Z (aexp,iiann,i)
data

i=1

T

M7 /54 (performance index)
Agk 52 k= 2w o7l
oA = FHaS eIt

o17]0 Ei= @Ak T 2134
°]al, Nd,,,a‘—;— HloTE] 7, a o
Ol'tq a, 2 A8 A7 o]'

"

T2l

n, a,
Y b f(n) =—>
P b,
. AN v
LY_) e Y

Fig. Al. Components in ANN (artificial neural network).

5133t

M4538 H2& 20074 43

tol

Al.1. Feedforward backpropagation neural network

ABAAHANN] 5 9 & Al Aol =2 19s
AAE W) HES 9] RS AYshs AAE (weight)2h B4
(offset or bias)E Y= 27|33}
2718 A7) 90 SRS etel ssiEs] 3 1

ol AAJshd S FHES] Alte] ARE 295 FHES 74]
Ato] Ase}, o] GAAY) JEF o 2RE FS AA Y
Zol7HA] ZuFekA 2] (feed-forward)’} EIt}. T WA= @35 =
x%o],_ ‘L].x%o]r/]- 6L£:JHE14 _‘J—J_._L%l—‘],]. /\]x-ﬂ E—.%‘ ] A=) §_} %)[—E

Hlwate], 285 fFUES ks 3t
TS ZHTRE] QAT S5 FH O RNE F5
Ve A% itk ol T FUF FUES) 94 o
310 F5 22T APl AFHES} 28T FUES] offset
S WAL FF FLIES] A olgal A4 $05 4
o]8] AAZE=} T35 FHES offsets WAsk=t o] WIS &=
2350 2HE T 48 So) AuEE A2 (backward)g} 3HCk
(Kim, 1994). ©]&3t WS FH 3= A3 A Y 7] (feedforward

backpropagation neural network)g ¥ oA ARE3IATE

[e]

AL2 TEEAIEMS S8 Uzmaot S2HA7) S0 S
A48T 7199) T2 shh= leisrel SRzt nAd
F4 BA ek W= (sensitivity) 3= 527 (importance)yS 4
A ST 5 ek Zlolek. o] AL /A weightys) B4
(bias)E &7 o]gsAx 5732 5= THGoh, 1994).
Table Al. Weights in a 3-4-1 ANN
Weights (w;)
Neuron number n P Ps q
in hidden layer(j)  (input- (input-  (input-hidden  (hidden-
hidden layer) hidden layer) layer) output layer)
1 -1.67624 3.29022 1.32466 4.57857
2 -0.51874 -0.22921 -0.25526 -0.48815
3 -4.01764 2.12486 -0.08168 -5.73901
4 -1.75691 -1.44702 0.58286 -2.65221
Table A2. Weights product (X;) and its summation (ZXU)
Neuron number X, ¥X,
in hidden layer(j) P D, ps i
1 7.674782 150645  6.065049  28.80433
2 0253223 0.111889  0.124605  0.489717
3 23.05728  12.19459 0468762  35.72063
4 4.659694 3.837801 1.545867  10.04336

Table A3. Fraction of weights product to its summation (Yj), summation
of its fraction for each input variable (S;) and relative importance
of input variables (Z,)

Neuron number Y; Q.
in hidden layer(j) n o Ps 7
1 0.266445 0.522994 0.21056 1

2 0.51708 0.228477 0.254443 1

3 0.645489 0.341388 0.013123 1

4 0.463958 0.382123 0.153919 1

S; 1.892972 1.474982 0.632046 4

Z, 0.473 0.369 0.158 1
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Table A4. Michaelis-Menten equation parameters derived from experimental data measured at 15 input variables for field-applied pig manure

(Sommer et al., ALFAM., 2001)

No. K, Ninax pl p2 p3 p4 p5 p6 p7 p8 p9 pl0 pll pl2  pl3 pl4 pl5
1 1422 2128 1 6.60 1190 11.50 14.50 10.70 22314 330 390 500 390 790 0 30.0 3
2 1038 24.77 1 6.60 1190 11.50 14.50 10.70 1989.0 3.51 390 5.00 390 7.90 0 30.0 3
3 16.80 4491 1 6.60 1490 11.20 11.20 8.10 15057 3.01 390 500 390 790 0 30.0 3
4 9895 2797 1 6.60 1490 11.50 11.20 8.10 15057 3.14 390 500 390 790 0 30.0 3
5 103.92  43.06 1 6.60 1490 11.50 11.20 8.10 1480.8 3.19 390 500 390 7.90 0 30.0 3
6 47.06 2596 1 6.60 6.60 440 8.60 5.80 12397 290 390 3.10 2.00 7.90 0 30.0 3
7 59.13 18.10 1 6.60 6.60 440 8.60 5.80 12397 313 390 3.10 200 7.90 0 30.0 3
8 14.64 5.99 1 6.60 620 020 820 7.60 3059 298 390 3.10 200 790 0 30.0 3
9 2289 2634 1 6.60 640 390 750 0.50 5615 298 390 310 200 7.90 0 30.0 3
10 18.36 12.41 1 6.60 640 390 750 0.50 5615 356 390 310 200 7.90 0 30.0 3
11 34.61 17.03 1 6.60 640 390 7.0 0.50 1648.7 3.16 390 3.10 2.00 7.90 0 30.0 3
12 19.62 2737 2 749 1220 7.70 13.50 810 12767.6 394 356 450 320 7.63 1 30.2 4
13 3584 3584 2 746 1350 1020 16.10 1090 15078.7 3.14 354 435 280 7.66 1 30.2 4
14 2942 57.83 2 691 16.10 1340 18.00 13.70 154374 3.04 376 4.05 260 742 1 30.9 4
15 7.47 19.00 2 747 1650 1350 20.10 14.60 18308.7 3.04 4.04 405 269 751 1 31.2 4
16 6.16 7.72 2 7.69 20.10 1490 2040 1490 160008 1.60 3.70 3.50 240 7.52 1 31.1 4
17 13.89 10.40 2 7.74 2040 1490 1550 1490 18566.0 1.58 344 3.60 245 7.68 1 313 4
18 3.80 27.60 1 7.10 1400 11.20 11.60 8.60 15983 198 1190 881 6.00 7.10 0 10.0 1
19 10.06 4.69 1 7.10 1340 11.20 11.60 8.60 16204 1.71 11.00 821 582 7.10 3 26.0 1

20 3.24 97.06 2 7.80 2130 13.60 17.00 13.60 5820.0 3.80 10.60 8.05 538 7.80 0 12.7 1
21 14.80 228 2 7.80 21.60 13.10 1930 14.00 6185.0 3.44 1050 872 547 7.80 4 35.6 1
22 7.79 6.02 2 7.80 2130 13.60 1930 14.00 6587.8 3.73 1050 831 534 7.80 3 154 1
23 6.14 40.28 2 8.00 1850 1290 1440 12.70 54769 1.89 1130 9.81 631 8.00 2 14.9 1
24 2.29 125.02 2 8.00 18.60 13.20 1450 12.70 5601.5 1.95 1130 9.81 631 8.00 0 17.5 1
25 8.80 20.16 2 8.00 18.60 13.10 1440 12,70 51390 1.84 1130 9.81 631 8.00 3 17.3 1
26 1.42 32.62 2 7.80 27.80 1890 22.60 20.80 67260 199 513 552 351 7.80 0 84 1
27 5.08 137.76 2 730 9.80 290 7.70 7.70 16939 456 866 816 503 730 0 152 1
28 6.58 7.03 2 730 9.80 3.00 7.70 7.70 1759.7 342 866 816 503 730 2 10.6 1
29 42.45 59.85 2 428 1128 826 726 6.22 2389.6 1.05 256 383 335 625 0 333 1
30 1049 5033 2 5.14 1128 826 826 6.22 18463 1.12  3.07 460 4.02 7.50 0 40.0 1
31 9.68 65.16 2 514 1128 826 726 6.22 33355 1.18 3.07 4.60 4.02 750 0 40.0 1
32 4.89 47.00 2 588 1344 851 8.84 8.18 47503 1.04 401 583 414 744 0 40.0 1
33 1627  54.06 2 588 1344 851 8.84 7.74 47457 1.15 401 583 414 744 0 40.0 1
34 3.52 39.23 3 571 2733 1794 17.00 15.88  5690.1 0.95 152 4.02 200 747 0 40.0 1
35 3.81 51.19 3 571 2733 1794 17.00 15.88 5687.8 0.90 152 4.02 200 747 0 40.0 1
36 247 40.76 3 571 2733 1794 17.00 15.88 51347 1.12 152 4.02 200 747 0 40.0 1
37 7.68 29.79 3 575 776  3.11 5.69 3.30 13115 1.12 172 408 371 738 0 40.0 1
38 1320 4149 3 575 776  3.11 5.69 3.30 1309.1 1.08 1.72 4.08 3.71 7.38 0 40.0 1
39 1095  36.62 3 575 776  3.11 5.69 3.30 890.0 121 1.72 408 371 738 0 40.0 1
40 6.05 37.50 3 546  6.65 1.62  6.65 1.62 13347 1.11 206 4.03 3.05 745 0 40.0 1
41 4.43 31.85 3 546  6.65 1.62  6.65 1.62 13347 123 206 4.03 3.05 745 0 40.0 1
42 1245  48.86 3 546  6.65 1.62  0.00 0.00 898.6 091 206 403 3.05 745 0 40.0 1
Max. 10392 137.76 3 8.00 2780 1890 22.60 20.80 18566.0 4.56 1190 9.81 631 8.00 4 40.0 4
Min. 1.4248 228 1 428 620 020 0.00 0.00 3059 090 152 3.10 200 625 0 84 1
Aver. 1837  37.15 190 6.63 1397 926 11.81 8.86 4745.1 230 496 529 367 7.60 055 298 195
sd. 22792 2876 0.73 095 650 526 515 5.14 5098.6 1.08 333 212 137 033 1.04 97 121
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019] 7¥golet. SHIA} i, e 27t AERst 93 el o
B A5rolet. X, gkt £49%0) 2} reded] thek X, (3 X,,0<j<4)

< Table A29 A]=o] Q).
i) 2F 209 Jrelel tistel, 7R xS Bl thet X,

&g TH o] WEL v, 2 5,

Y,-j=l"L,0sis3,0sjs4
ij

(A3)
Table A3 Y, &3} 7F 1ol ot
& wojErh,

iy Ao 2 g o) Ab|A WS Taled 7} sl tha
A ZQw () T,

M458 H2& 20074 4

(A4)

o]&]3t 7152 -8 (weight partitioning method, Garson, 1991)
S o] g5l A3 A B oAl tisie] UEASES] A
TR p>py> polth

2 H|wA deeehy, avd o= QIEWRe] S0/98 v

o]
et

Eat
% QAR AK(biasye] TiE £AE A9Elo] gk,

A2. X[oiA0f] ARSEl A0l

(experimental data used for numerical analysis)

Table A494+= ALFAM database(Sommer et al., 2001)°|4] A
el Ageplelg ge) FEsick



