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Abstract: Agricultural greenhouse gases emissions are mainly produced in direct emissions from plant and

animal production as well as those associated with land use changes. Studies attempt to describe the variables

correlated with agricultural greenhouse gas emissions using linear regression. The analysis covered two

groups of independent variables such as the main crops and livestock. The analysis included the last 20 years

and variables were set using Pearson’s linear correlation. The resulting model concerns 87.5 % of the

variability of agricultural greenhouse gases emissions, by cattle, horses, and rye. The study was conducted

using the statistical package R-Project.
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Introduction

Agriculture constitutes a serious share in gas emissions. The dynamic growth of

human population causes an increase in food demand, which in turn enforces an

intensification of agricultural production and the associated environmental degradation.

Agricultural greenhouse gases (GHG) emissions are mainly produced in direct

emissions from plant and animal production as well as those associated with land use

changes. It should be emphasized that a significant indirect share in other economic

sectors of manufacturing products for agriculture is a necessity. A significant negative

contribution involved processes associated with livestock production [1]. As indicated

by estimates the share of livestock production may be from 50 to 80 % [1]. Intensive

livestock production has always been an excessive burden on the environment. 3/4 of
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the world’s agricultural land is devoted either to the production of animal feed or for

grazing. A significant threat is currently observed, the displacement of the traditional

method of livestock and small commercial farms by advanced industrial systems, which

only leads to the intensification of rapid environmental degradation and an increase in

hazardous pollutants. About half of manufactured meat is produced using factory

farming methods of animals [2].

The sources of greenhouse gas emissions from agriculture in Poland include: enteric

fermentation of animals (CH4), animal manure (CH4, N2O), agricultural soils (N2O),

and the burning of plant residues (CH4, N2O). These gases represent a much larger

global warming potential than emitted in the greatest amounts the CO2. Their

concentration is increasing rapidly. These gases have the ability to persist in the

atmosphere for many years – up to 12 years for CH4 and N2O up to 120 years [3].

Besides that they are characterized by a considerably higher rate than the CO2 of global

warming GWP (Global Warming Potential) and absorbing the heat 23 times more

intensely in the case of CH4 and about 300 times for N2O [4]. The biggest changes in

emission reduction in Poland occurred in 1989–1993 when economic transformations

were taking place [5].

N2O emissions in Poland are predominantly in agriculture and in 2009, 75 thousand Mg

(tons) of N2O was emitted, of which approximately 77 % is accounted as from

agricultural soils and about 13 % from livestock manure. In the case of CH4 – 587

thousand Mg (tons) of the gas was emitted, and around 75 % came from enteric

fermentation and 15 % from livestock manure. A fractional part is attributed to the

burning of agricultural waste [6].

The size of CH4 and N2O emissions in recent years is presented in Fig. 1 and 2.

The necessity for modeling possible greenhouse gases emissions in relation to

current and future crop and livestock production has become particularly important in

recent years. A major challenge at the present time is to adjust agriculture to evolving

climatic conditions and to support actions to reduce these changes. Studies on the

impact of agricultural production on the environment, especially greenhouse gas

emissions from this sector, is currently the issue undertaken by scientists and policy

makers around the world [7–14].
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Fig. 1. CH4 emissions from agriculture in the years 1990–2009 in CO2 equivalent by major category
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Modeling is important both from a scientific perspective and practical, economic

exploitation. In this context, efforts being made to bring additional information to this

particular field of knowledge seem justified.

Only a comprehensive approach to land use and farming, including the principles of

sustainable development, can bring a permanent solution to the problem of agricultural

emissions.

Methodology and tools

This research attempts to describe the chosen factors responsible for agricultural

GHG emissions (CH4 and N2O) using linear regression. Regression methods have been

successfully used in similar studies which examined the influence of crops and

husbandry and/or the participation of other factors connected with agricultural emis-

sions [15]. The research was conducted at farm level. Testing covered, for example: the

share of the green soil in the total area of agricultural land, livestock density, farmers

education, the amount of nitrogen lodged with purchased fertilizers, the amount of

nitrogen lodged with purchased feed, the amount of nitrogen lodged with purchased

breeding animals [16] or the share of arable land in the area of farms, number of days of

grazing, the livestock density [17].

There are a number of direct or indirect variables affecting the emissions. The study

analyzes efforts to describe the impact of two important groups of independent variables

such a major crops in Poland (wheat, barley, canola, rye, triticale, corn, oats, and use

of mineral fertilizers) and livestock production (cattle, pigs, poultry, horses). The

study used the Central Statistical Office [6], the Food and Agricultural Organization

[18], the International Fertilizer Industry Association [19] and the United Nations

Framework Convention on Climate Change [20] databases. The analysis included the

last 20 years.

Correlations relative to the dependent variable (agricultural GHG emissions), were

determined using Pearson’s test. It is a commonly applicable linear correlation coef-

ficient and is used in cases where both variables are measurable and have a distribution
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Fig. 2. N2O emissions from agriculture in the years 1990–2009 in CO2 equivalent by major category



close to normal, and the relationship is linear. If the absolute value of the correlation

coefficient is closer to 1, then the correlative relationship between the variables is

stronger.

Linear regression analysis which was used in research assumes that between

the input and output variables, there is a linear relationship. A straight line should

reflect the best fit to the data set [21]. Most often the classical least squares method

and its derivatives are used for this purpose. This method is the oldest and the easiest

to implement [22]. The study was conducted using the statistical package R-Project.

Results and discussion

A sample result returned from the Pearson correlation test and generated by program

R is given in Fig. 3. In case a), the p-value complies with the hypotheses and is lower

than the established significance level, which is 0.05.

Table 1 presents the others linear correlation coefficients for the rest considered

variables.

As follows from the p-value levels and correlations, the Pearson test showed positive

correlations with the test variable for such variables like: cattle, horses, sugar beet, and

oats. Other variables like poultry, fertilizer use, wheat, and rapeseed were not

statistically significant and they have been omitted in the next step of studies. In the first
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Fig. 3. The exemplary results of Pearson’s test: a) fulfilling the assumptions, b) not fulfilling the

assumptions, where: t – value of t statistics investigating the significance of the correlation

coefficient, df – the size of the group, p-value – boundary of significance level

a)

b)



Table 1

Pearson test result for all variables

Variables t p-value Correlations

Cattle –8.6262 4.122 × 10–8 –0.897

Poultry –1. 6888 0.9457 –0.37

Horses –4.8174 6.903 × 10–5 –0.75

Pigs –2.2179 0.01983 –0.463

Fertilizer use –3. 0141 0.9963 –0.579

Pasture&meadows –1.7006 0.05311 –0.372

Wheat –0.1542 0.5604 –0.036

Barley –1.9099 0.03611 –0.41

Triticale –1.5996 0.9365 –0.353

Sugar beet –2.4844 0.01152 –0.505

Oats –6.9028 9.361 × 10–7 –0.852

Maize –3.1109 0.997 –0.591

Rapeseed –0.3929 0.6505 –0.092

Rye –2.3795 0.01430 –0.489

approach a model for all variables satisfying the conditions was formulated. Some

variables proved to be statistically insignificant in this regression model (Fig. 4a).

A rejection of statistically insignificant variables results in a higher coefficient of

determination. In case 4b the Adjusted R-Squared takes into account the number of

variables in the model, which is higher and amounts to 0.875.

The function lm (linear model) performs a linear model adjustment, appoint residua,

adjusted coefficients of the model (where the Estimate – represents the assessment of

the value of the regression coefficients, Std. Error – provides information about the

standard error of this assessment, t-value is the value of statistics test for this factor and

Pr(>½t½) – is a p value determined for the t-student test). Multiplate R-Squared

coefficient of determination indicates a compatibility model fits to the actual data and a

proportion of the total variability of the dependent variable is explained by the resulting

model. The value of Adjusted R-Squared is usually smaller than the previous one.

The estimated model can be written as:

Agricultural emission GHG = 1,740e+04+4,251e-03*cattle–6,911e-03

*horses–2,598e-03*rye (1)

The resulting model explains over 87.5 % of the variability of agricultural GHG

emissions. The remaining 12.5 % can be explained by others variables not included in

this study. The obtained results indicate the highest proportion of cattle. It is well

known that, cattle-farming creates a substantial emission of mostly CH4 and nitrogen

compounds. The dominating source of emissions of ammonia NH3 is livestock

production [23]. Ruminant animals emit much more gases than those with single
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chamber stomach [24]. The largest amount of nitrogen excreted in manure comes from

cattle in the first place, especially cows with high milk efficiency than from horses [23].

Estimates of greenhouse gas emissions in Poland are presented [25], and indicate that

a high proportion of CH4 emissions are from enteric fermentation of cattle – 79 %. The

second source is anaerobic manure decay responsible for 10–15 % of the emissions [1].

The last one important factor in the model is the share of rye. Analysis of the rye crop in

the last 20 years indicates that the beginning of the 90s was characterized by the highest

areas cultivated in Poland. For instance the size of wheat areas in 1990 amounted to
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Fig. 4. The results of linear model

The following result was obtained after removing them from the model:

b)

a)



2.28 million hectares and rye 2.31 million hectares [5]. Rye crop area over the last two

decades has been declining. The share of this variable in the model can be justified by

the highest CH4 emission factor for this type of grain (Table 2) [26].

Table 2

CH4 emission factor values for major crops in Poland

Grains CH4 emission factor in kg/TJ

Wheat 0.1816

Barley 0.1473

Maize 0.0367

Oats 0.1506

Rye 0.2004

Other grains 0.1618

Based on the modeling results the observed relationships between variables were

presented. For this purpose, a scatterplot was prepared, which is a graphical representation

of the correlation and facilitates visual assessment to determine the strength and type of

relationships between variables. If the correlations of the test points are grouped along

a hypothetical straight line – a regression line or a curve, this illustrates the existence of

a relationship. When the increase of the independent feature value generates growth of

the independent variable we can talk about the directly proportional connection.

Otherwise, there is an inverse relationship. Using the scatterplot function it was possible

to generate a graphical interpretation of the variables (Fig. 5).

With the increase of both variables – cattle and rye, agricultural emissions increasing.
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Fig. 5. Scatterplot 3D for GHG emissions vs cattle and rye
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Conclusion

In order to properly shape environmental policy, its inventories and modeling the

effects of efforts purposive to improve air quality, appear to be an adequate instrument

of the assessment.

The variables provided by the Pearson test correlating with the dependent variable

were used to build a linear regression model. Based on the coefficient of determination

it can be concluded that the model explains 87.5 % of the variability of agricultural

GHG emissions. The most important model variables are cattle and horse production,

and also rye cultivation. The remaining 12.5 % can be attributed to the variables, which

were not included in this study. The resulting form of the model appears to be justified

because of high emissions, which is a breeding of these two groups of animals.

Participation in the model of rye cultivation substantiated a high rate emission of CH4

which is characteristic of this kind of grain.
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REGRESYJNE MODELOWANIE
ROLNICZYCH EMISJI GAZÓW CIEPLARNIANYCH

W POLSCE

Katedra Ekonomii i Badañ Regionalnych, Wydzia³ Ekonomii i Zarz¹dzania

Politechnika Opolska

Abstrakt: Emisje rolnicze g³ównych gazów cieplarnianych to wa¿niejsze bezpoœrednie emisje wytwarzane

w produkcji roœlinnej i zwierzêcej, jak równie¿ te zwi¹zane ze zmianami w sposobie u¿ytkowania gruntów.

W badaniach podjêto próbê opisu zmiennych skorelowanych z rolniczymi emisjami gazów cieplarnianych

z wykorzystaniem regresji liniowej. Do badañ przyjêto dwie grupy zmiennych niezale¿nych, tj. g³ówne

uprawy oraz zwierzêta hodowlane. Analizie poddano okres ostatnich 20 lat. Korzystaj¹c z testu Pearsona,

wyznaczono liniowe korelacje miêdzy zmiennymi. Otrzymany model w 87,5 % wyjaœnia zmiennoœci

rolniczych emisji GHG zmiennoœci¹ udzia³u byd³a, koni oraz ¿yta. Badania prowadzono z wykorzystaniem

pakietu statystycznego R-Project.

S³owa kluczowe: gazy cieplarniane, rolnicze emisje, regresja liniowa, modelowanie, R-Project, produkcja

zwierzêca, zbo¿a
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