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USE OF ARTIFICIAL NEURAL NETWORKS
IN PREDICTING DIRECT NITROUS OXIDE EMISSIONS
FROM AGRICULTURAL SOILS

ZASTOSOWANIE SZTUCZNYCH SIECI NEURONOWYCH
W PRZEWIDYWANIU BEZPO SREDNICH EMISJI PODTLENKU AZOTU
Z GLEB ROLNYCH

Abstract: Agricultural greenhouse gases emissions are mairdguced in direct emissions from plant and
animal production as well as those associated lattl use changes. Agriculture is a major sourarmbspheric
nitrous oxide (NO). N;O emissions from agricultural production has tharee primarily in soil fertilized by
mineral and organic fertilizers. In Poland, agriatdl soils are responsible for 77.1% of emissidemissions
associated with the animal manner farming amourB%?2 Studies attempt to modeling and predictingNgd
emissions from Direct Soil Emissions in relationthe use of crops and livestock population. Indhalysis an
artificial neural networks were used. The best ealshowing the quality of neural regression modetew
obtained by multilayer perceptrons MLP. Based angénsitivity analysis, attempts were taken tordetee the
extent of the contribution of each selected vadabbn the estimate of the direct emissions D Nrom
agricultural soils. The sensitivity analysis of ideed network on the structure MLP 9-4-1 shows thatamount
of nitrogen fertilizer consumption has the biggebare in the shaping of 8 emissions from Direct Soil
Emissions. The sensitivity analysis of network ba structure MLP 16-5-1 pointed to participateleahd pigs
as the most important in the formation gi0Nemissions from Direct Soil Emissions. Among thaps in Poland,
which may affect the release of®l stands out rapeseed and ryhe study was conducted using the statistical
package Statistica v. 10.0.

Keywords: greenhouse gases, nitrous oxide, Direct Soil Homiss modeling, predicting, artificial neural
network, livestock production, crops

Introduction

Agriculture is a major source of atmospheric nigfaxide (NO) [1], one of the three
most important greenhouse gases [2]. In agricyltiiseemissions have increased mainly
due to increased efficiency of processes of roaifon and denitrification [3-6].
Agricultural soils have been identified to conttidat present about 60% to the global
anthropogenic nitrous oxide emissions [7]. Magretuof N;O production depending

! Department of Economics and Regional Research,lfyacf Economy and Management, Opole University
of Technology, ul. L. Wanyskiego 4, 45-047 Opole, Poland, phone +48 77 449187ax +48 77 449 88 16,
email: a.kolasa-wiecek@po.opole.pl



42C Alicja Kolasa-Wecek

significantly on the availability of N in the plasbil system [8]. As a result direct and
indirect emissions of JO can be distinguished. Direct emission sourcesid@ec the use of
nitrogen fertilizers, organic nitrogen emissionsanimal faeces, land management and
storage of sewage sludge. Indirect emissions cora@lynfrom the evaporation of
precipitation, surface runoff and leaching of niea into groundwater and surface water
[9, 10].

N,O emissions from agricultural production has thénnsmurce in soil fertilized by
mineral and organic fertilizers [11, 12]. Since Q9R,O emissions have grown mainly as
a result of increased use of mineral fertilizersrldwide [13, 14]. Its consumption will
continue to increase to meet the food requiremeitke increasing world population [15,
16].

In Poland, agricultural soils are responsible fat.1% of emissions. Emissions
associated with the animal manner farming amoun8%2 The smallest share of,O
emissions comes from combustion plant residue$%(Qq17]. The total area of agricultural
land in good agricultural condition was 83.3% irL20while it was accounted for 68.5% of
the area under sowing. The structure was dominayecereal crops - 73.8% of the total
sown area, 10.0% of the total crop area was ocdubjeindustrial crops and 9.6% by
fodder crops [18].

Application of N fertilizers and animal producticaccounts for about 60% of the
global NO emissions from agriculture. Studies showed thaisgions from animal waste
can be significant [19-21]. Potential sources g®Nmissions from animal production are:
animal emissions, emissions from animal waste, avastissions from closed animals and
emissions left on the soil during grazing [22]. Esins released with the use of manure as
a fertilizer (excluding emissions from grazing aaig) are considered to be direciON
emissions from agricultural soils [23]. Becausehafir content and availability of minerals
natural fertilizers are an important yielding factor plants [24].

Changes in greenhouse gas emissions from agrieptiitrous oxide among others, are
dependent on many factors, including the of livelstpopulation, the composition of the
feed used, methods of fertilization and others.[25]

World applied models of NCemissions from soils are used for the global itwgnof
N,O emissions, although none of them is used thraugtiee world [5]. Research should
also take into account other parameters such aslithate, cultivation characteristics and
other conditions prevailing in the specific countAll the information complementary to
the knowledge in the field of emissions releasenfthe agricultural sector is a valuable
source of knowledge.

The aim of the study

The undertaken scientific problem has been resoteetbrmulate answers for the

following questions:

1. What kind of neural topology is suitable for modgliof N,O emissions from Direct
Soil Emissions in relation to the use of crops krestock population?

2. To what extent the selected representative vasallifect the efficiency of the
generated neural model to the forecast of the mtiatulevel of NO emissions from
Direct Soil Emissions?
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Methodology research

Using classical statistical methods is indicatedaaiable linear dependency. However,
many phenomena are characterized by non-linearenathich precludes the possibility of
the use of traditional methods. In such casedsaatiineural networks can be applied. They
combine a set of input variables with a set of aut@riables.

The study was conducted using the statistical ppektatistica v. 10.0. Regression
problems in the Statistica Neural Networks can tlgesl by various types of networks:
multilayer perceptrons MLP, radial networks (Bageshetworks), regression networks and
linear networks [26]. One of the well-known methadsnmonly used for network learning
is algorithm of back-propagation errors [27]. Theoanatic designer of ANN is searching
simultaneously many types of networks. The desidgmnes to maintain a balance between
a network error and its diversity, what means hekseto keep the representatives of
different networks, despite the fact that they witlt be the most perfect networks. The
analyzed set was divided into three subsets (Ileskgrning 2: validation 1: test 1). There
were generated hundreds of neural networks witferdifit numbers of neurons in the
hidden layers, which were learnt by algorithm otlspropagation errors. Models have
been tested and verified by the way "in back", timg in the issue of forecasts by the
network, which coincide with the real results. Imetanalyzed cases, models shall be
considered as correct and suitable for forecagtargmeters "forward" on the basis of set,
new input variables.

Modeling was performed on the two sets of data. fits¢ set of data included the
following input variables: arable land and permdnerops, permanent meadows and
pastures, nitrogen fertilizers use, and animal fadjmun: cattle, horses, pigs, sheeps, goats
and poultry and the output variable direcitONemissions from soils. The results of the
sensitivity analysis indicating a high share ofogen fertilizers use (the main source) in
N,O emissions and arable land and permanent crogsdftacted the shape of the emission
of the second data set.

On the basis of the second model it was intendechédyze the extent to which the size
of crops and livestock can shape the size 3 Bmissions from Direct Soil Emissions. The
second data set consisted of independent variabldse form of major crops in Poland:
wheat, barley, triticale, rye, maize, sugar beapeseed, oats, potatoes; also permanent
meadows and permanent pasture, animal populatiab@se and the dependent variable as
a Direct Soil Emissions. Data (the last two decpdese obtained from databases: Food
and Agriculture Organization of the United NatioffiSAO) [28], International Fertilizer
Industry Association (IFA) [29] and the United Nats Framework Convention on Climate
Change (UNFCCC) [30].

The results of research

The best values showing the quality of neural regjom model were obtained by
multilayer perceptrons MLP. Based on the sensjti@halysis, attempts were taken to
determine the extent of the contribution of eadeded variables (input variables to the
model) on the estimate of the direct emissions gb Nrom agricultural soils (variable
output). Hundreds of neural networks with differantmbers of neurons in the hidden layers
were tested.
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Using the first set of data, the best predictiothef effectiveness obtained a three-layer
MLP network with a 9-th neurons in the first laydrth in the hidden layer and 1 output
layer. Parameters which indicate the quality of mieéwork are the prediction errors for
a group of learning, testing and validation ca&isiilar values for validation and testing
errors testify that the network well generalizeguaeed knowledge [31, 32] (Table 1).

Table 1
MLP 9-4-1 Network characteristic

Type of network MLP 9-4-1
Quality (learning) 0.997732
Quality (testing) 0.999987
Quality (validation) 0.984152
Error (learning) 0.000003
Error (testing) 0.000005
Error (validation) 0.000004
Algorithm of learning BFGS 24

On the basis of the sensitivity analysis it wasnfbuhat for the forecasted,®
emissions the greatest impact has the amountrofeit fertilizer used and the smallest one
- the goats population. A significant impact on &sions has cattle and horses population
and the area of arable land. All input variablessgnificant (Table 2).

Table 2
Sensitivity analysis of the neural network MLP 9-4-
Nitrogen fertilizer use 184.4643
Cattle 48.1976
Horses 22.4219
Arable land and permanent cropg 6.7279
Poultry 4,718
Sheeps 4.1374
Permanent meadow and pasture 4.086
Pigs 2.4548
Goats 2.4069
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Fig. 1. The NO emission values of the real and modeled
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The real data were compared with the projected.dr@®casted courses of changes of
the variable coincide very closely with the actdata, which means a high model fit to the
data (Fig. 1).

Below predictive capabilities of model MLP 9-4-leapresented. It was assumed
theoretically the variability (reduction and groytf nitrogen fertilizers used in subsequent
years by 1%. Figure 2 shows forecastef Mmissions. According to the predictions, the
reduction of fertilizer use by 10% would reducgONemissions from the current level
(about 12,200 Gg HD emission in C@ equivalent) to approximately 10,100 GgN
emission in CQ equivalent, and in the following years expected agproximately
9350 Gg NO emission in C@equivalent.
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Fig. 2. Forecasted Z0 emissions with projected reductions and increéadertilizer consumption by

1% in the following years

In the second case study one has resigned fromatti@ble of nitrogen fertilizer use
(highly correlated with BD emissions), and its impact on emissions has httempted to
estimate through the use of real crops. In plaghefvariable - arable land and permanent
crops have been fixed by more important areas felsa crops. Several hundred networks
with the number of neurons in the hidden layersfibto 16 have been tested. The analysis
of parameters has shown that the best network medslobtained for the MLP 16-5-1
(Table 3).

Table 3
MLP 9-4-1 Network characteristics

Type of network MLP 16-5-1
Quality (learning) 0.980232
Quality (testing) 0.985379
Quality (validation) 0.999961
Error (learning) 0.000034
Error (testing) 0.000019
Error (validation) 0.000026
Algorithm of learning BFGS 22
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Carried out sensitivity analysis of network on tbetput variable indicates the
importance of livestock, mainly cattle and pigsd among the crops dominant importance
have rapeseed and rye. Other input variables aceimportant. The smallest influence on
N,O emission was observed for triticale and barley.

Table 4
Analysis of the neural network sensitivity MLP 1&t5

Cattle 8.8297

Pigs 8.5501

Rapeseed 7.0464
Rye 6.0892

Oats 4.9539

Permanent meadow and pasture 4.6531

Horses 4.0586

Patatos 3.5325

Sheeps 3.3481
Mize 2.8543

Wheat 2.4599

Goats 2.3808

Sugar beet 2.3343
Poultry 2.2153
Barley 1.9479
Triticale 1.9027

A significant share in the production of,® is cattle population [24]. The largest
amount of nitrogen is released from the cattledaddairy cows 70 kg/pcs/year, other cattle
50 kg/pcslyear) [33]. In the pigs case, this vaki@0 kg/pcs/year and even though it is
lower for the goats or horses, because of the Gizeig production in Polande§ pig
approximately 14.860 million pcs, horses approxatyat291 thousand pcs, goats
approximately 122 thousand pcs), it remains venyartant. Significant rapeseed influence
on the NO emissions from Direct Soil Emissions may be foumdequirements of the
intensive fertilization.
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Fig. 3. The size of the areas leading crops inriRb& the turn of 1961-2010 (FAO)

In Poland, mainly winter oilseed rape is grown. Amothe agronomic factors
determining the rapeseed yield, the nitrogen featilon is the most important [34]. Oilseed
rape has very high requirements for nutrients antilifers [35] and already in the autumn
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retrieves considerable amounts of nutrients, maiittpgen (50 kg N ha) and potassium (up
to 70 kg K per hectare). Among the crops considénggiortant significance was also
achieved for rye. Its importance indicates theastgfarea. At the turn of a few decades, rye
was the main grain cultivated in Poland. Its sigaiice successively has decreased in
recent years (Fig. 3). Rye yielding potential taldsce with a high mineral fertilizer,
particularly nitrogen.

The use of the model to forecast indicates its lpigidictive capabilities, as evidenced
by the coincide results with the real values (Big.

24000

23000

22000

21000

20000

19000

18000

17000

Emission N20 in Gg CO2 equivalent

16000

15000 —o— real data
1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 -—&— predicted data

Fi

g. 4. The NO emission values of the real and modeled

42000
40000
38000
36000
34000
32000
30000
28000
26000
24000
22000
20000
18000

600} e o - .

14000

N20 emission in Gg CO2 equivalent

2013 2015 2017 2019 2021 2023 2025 —e— cattle increase
2014 2016 2018 2020 2022 2024 —8— cattle decrease

Fig. 5. Forecasted /0 emissions with projected reductions and incréasmttle population by 1% in
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The selected neural model, based on previouslyimztjinowledge, has been used to
predict the value of pD, taking into account the most significant vargabbtained by the
sensitivity analysis. The sensitivity of variableaattle is depicted by the forecast carried
out (Fig. 5). The assumed growth and decline dlecatock by 1% in the following years
and the impact on the output variable was observegtictions of MO emissions showed
that the increase in the number of cattle by 1%ltgesn the increase of emissions in the
initial years an average of about 1,100 GgONemission in C@ equivalent, and in
subsequent years of cattle increase to an avefa®at 2200 to even about 2350 GgON
emission in CQ equivalent in the last forecasted year. Otherdseim shaping the O
emissions were observed at the drop of cattle stédith a decrease the reduction is
observed but at a much slower rate and time-intéRig. 5).

Conclusions

Artificial neural networks are currently one of thmst dynamically developing branch
of artificial intelligence. They are used to solmblems that standard algorithms cannot
cope with. They have the capability to adapt togheeralization namely the ability of the
neural network to the approximation of the valua dfinction of several variables.

The presented study developed hundreds of networédels, which have been
verified. The coefficient values quality of leargimetworks entitle to determine that the
designed networks (multilayer perceptron MLP suiet 9-4-1 and 16-5-1) allow
a prognosis and are an effective tool to predicaiN.O emissions from agricultural land
on the basis of input variables implemented.

The sensitivity analysis of designed network onstracture MLP 9-4-1 shows that the
amount of nitrogen fertilizer consumption has thggbst share in the shaping ot
emissions from Direct Soil Emissions.

The sensitivity analysis of network on the struetMLP 16-5-1 pointed to participate
cattle and pigs as the most important in the foionabf N,O emissions from Direct Soil
Emissions. Among the crops in Poland, which magdfthe release of & stands out
rapeseed and rye.
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ZASTOSOWANIE SZTUCZNYCH SIECI NEURONOWYCH
W PRZEWIDYWANIU BEZPO SREDNICH EMISJI PODTLENKU AZOTU
Z GLEB ROLNYCH

1Katedra Ekonomii i BadaRegionalnych, Wydziat Ekonomii i Zasdzania, Politechnika Opolska

Abstrakt: Emisje rolnicze gtéwnych gazéw cieplarnianych tavgiie bezpérednie emisje wytwarzane
w produkcji rdlinnej i zwierzcej, jak réwnie te zwhazane ze zmianami w sposobieytkowania gruntéw.
Rolnictwo jest gtéwnymzrédtem atmosferycznego podtlenku azoty@N Emisja NO z produkgciji rolniczej ma
zrodlo przede wszystkim w glebie naiemej nawozami mineralnymi i organicznymi. W Polggleby rolne
odpowiedzialne & za 77,1% emisji BD. Emisja zwiazana z gospodagkodchodami zwierg wynosi 22,8%.
W badaniach podfo préby modelowania i przewidywania begmainich emisji MO z gleb w odniesieniu do
wielkosci upraw i pogtowia zwiert hodowlanych. W analizach pogano s¢ sztucznymi sieciami neuronowymi.
Najlepsze wartei parametrow moéwicych o jakéci neuronowego modelu regresyjnego uzyskaly percept
wielowarstwowe MLP. Na podstawie analizy wiraosci zaprojektowanego modelu sztucznej sieci neur@jow
podigto proke ustalenia stopnia udziatu poszczegélnych wybrangafiennych na prognozowanwielkosé
bezpdrednich emisji NO z gleb rolnych. Analiza wgdiwosci zaprojektowanej sieci MLP o strukturze
9-4-1 wykazataze poziom zuycia nawozéw azotowych ma napkiszy udziat w ksztattowaniu emisji-® z gleb
rolnych. Analiza wraliwosci sieci MLP o strukturze 16-5-1 wskazata na udhbigdita i trzody chlewnej jako
najistotniejszy w ksztaltowaniu emisji 8. W&ré6d upraw w Polsce, ktére mpgwplywat na wielkdé
uwalnianych emisji MO, wyr&nia sk rzepak orazzyto. Badanie przeprowadzono z wykorzystaniem pakiet
statystycznego Statistica v. 10.0.

Stowa kluczowe:gazy cieplarniane, podtlenek azotu, b&epdnie emisje z gleb, modelowanie, prognozowanie,
sztuczne sieci neuronowe, zwigtez hodowlane, uprawy



