
This is a postprint version of the following published document:

Zorrilla-Muñoz, V., Petz, M., & Agulló-Tomás, M. 
S. (2020). GARCH model to estimate the impact of 
agricultural greenhouse gas emissions 
per sociodemographic factors and CAP in 
Spain. Environment, Development and 
Sustainability, 23 (3), pp. 4675-4697.

DOI: 10.1007/s10668-020-00794-y

© 2020, Springer Nature B.V 

https://doi.org/10.1007/s10668-020-00794-y


GARCH model to estimate the impact of agricultural 
greenhouse gas emissions per sociodemographic factors 
and CAP in Spain

Vanesa Zorrilla‑Muñoz1,2,3  · Marc Petz4  · María Silveria Agulló‑Tomás2,5 

Abstract
This contribution analyses the Common Agricultural Policy (CAP) and focuses on agricul-
tural emissions in Spain regarding sociodemographic characteristics (age and sex). Span-
ish CAP covers emissions regulation based on the application of agriculture management 
according to the EU-ETS and agricultural management (soil and energy). The analysis of 
the Spanish legal rules and policy identified empirical environmental attitudes as provided 
by the EUROSTAT and MINETUR databases between 1990 and 2013. The developed 
empirical–analytical GARCH model measures the impact between the soil and energy 
management indicators per capita based on CAP (as independent variables) and emissions 
per capita (as dependent variable). The selected criteria of the models are sociodemo-
graphic variables corresponding to employee in agriculture: interval of age and sex (total, 
men and women who work in agriculture). The research findings demonstrate high signifi-
cance between emissions per age interval, sex and total population, and fertilizers, herbi-
cides and non-renewable energy or gases consumption. The CAP’s proposed use of new 
machinery per capita does not influence directly the reduction of emissions. The model 
provides a good estimation for discussion about future policy trends of EU’s long-term 
objectives for Rural Development Policy related to CAP principles (i.e. fertilizers, pesti-
cides, land use and energy consumption in crops), the impact of machinery in agriculture 
and the open debate of extending work life in agricultural older population.
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1  Introduction

The WMO1 (2014) recorded a worldwide increase by 34% in radiative forcing (warming 
effect on climate) between 1990 and 2013 because of long-lived greenhouse gases (i.e. in 
2013: carbon dioxide (CO2), 396.0 parts per million; methane (CH4), 1824 parts per bil-
lion; and nitrous oxide (N2O), 325.9 parts per billion).

Figure 1 illustrates the global greenhouse gases (GHGs) increase since 1950. The graph 
indicates the total of CO2 emissions in millions of tonnes and the CO2 emissions per capita 
emissions caused by fossil fuels.

Three periods characterize the global emissions: in the first period (1950–1980), CO2 
emissions per capita highly increase in accordance with the population growth. The second 
period (1980–2000) constitutes a period of CO2 emissions per capita consolidation due to 
fossil fuels. During the third period (2000–2010), CO2 emissions and population growth 
consolidated. However, the projections for CO2 emissions are sensitive to the increase dur-
ing this third phase. The increase of CO2 emissions in the third period might correspond to 
several factors, like quick population and economic growth. The trend lines illustrate that 
total fossil fuels CO2 emissions compared to the base year 1990 would be 34% higher in 
2020, 53% higher in 2030 and 91% higher in 2050. Accordingly, the CO2 emissions per 

Fig. 1   Annual Global Fossil Fuel Carbon Emission since 1950: Mt of CO2 emissions per capita and total in 
Mt CO2 emissions (Boden et al. 2010)

1 World Meteorological Organization (WMO).



capita would be 19.21% higher in 2020, 26.5% higher in 2030 and 43.19% higher in 2050 
than compared to the base year 1990.

In addition to health and global environmental effects, recent research revealed the 
impact of climate change on agriculture in economic dimensions or on plant adaptation 
(Huong et al. 2019; Fellmann et al. 2018; Aleixandre-Benavent et al. 2017; Zhang et al. 
2017; Chen et al. 2016).

1.1 � EU emissions trading system

Governments have implemented policies based on emissions mitigation due to the impor-
tance of environmental effects and its impact on climate change. In general, the reduction 
and elimination of greenhouse gases (GHGs) are central aspects for EU’s emissions policy 
since decades. The EU generates < 10% of the global GHG emissions each year and suc-
cessfully continues decreasing its emissions since the implementation of the emissions 
trading system (ETS) based on the carbon pricing mechanisms in 2005 according to data 
from the Carbon Dioxide Information Analysis Center (compare Boden et al. 2010).

The EU-ETS refreshed the idea of George (1879) about the right for the exploitation of 
natural resources and the application of taxes2 for this right (emission allowance/certifi-
cate) as a carbon pricing mechanism. However, the EU-ETS is more sophisticated than tax 
regulation: EU-ETS adopts a ‘cap’ (also named upper limit) as boundary element over the 
number of allowances and applies the method of allocating allowances by auctioning.

Caps provide the right of one tonne of carbon dioxide (CO2), or the equivalent amount 
of two more powerful GHG (i.e. nitrous oxide (NO2) and perfluorocarbons (PFCs) to each 
allowance. In this way, companies receive or buy emission certificates according to their 
requirements (COM 2014a). In sum, Europe has developed the world’s biggest carbon mar-
ket by the cap-and-trade mechanism (COM 2014b).

Initially, the EU-ETS was divided into two periods: the three-year period (phase I) cov-
ered from 1 January 2005 to 31 December 2007 and the five-year period (phase II) from 
1 January 2008 to 31 December 2012. The EU-ETS utilizes the National Allocation Plans 
(NAPs) as implementation mechanism between EU Member States. Thus, ‘[…] for each 
period […], each Member State shall develop a national plan stating the total quantity of 
allowances that it intends to allocate for that period how it proposes to allocate them […]’ 
(COM 2003). The EU Member States publish national and international data in public 
accessible databases as the result of the measure by the NAPs.

Phase I intended that the EU Member states comprehend their Kyoto emission targets 
regarding the United Nations Framework Convention on Climate Change (UNFCCC) (UN 
1998) by compliment objectives and transparent criteria (COM 2014c) which are declared 
into directives. This phase covered a pilot test for the countries to prepare themselves for 
the next phase. The European Commission (EC) summarizes and underlines referring to 
the NAPs in general conclusion of phase I: ‘The process was very time-consuming. The 
timely notification of NAPs to the Commission and timely final allocation decisions were 
needed to give companies certainty well before a trading period started. Another important 

2  George’s theorem argues that the natural resources belong equally to all; therefore, land rent should be 
shared equally by people. Hence, he introduces the concept of the economic tax based on rents of the natu-
ral resources due to the allocation land. According to Stiglitz, this theorem is “[…] the single tax to finance 
the public good and also externalities such as carbon emissions […]” (Stiglitz 2010).



lesson was that the NAPs were too complex and not sufficiently transparent […]’ (COM 
2014c).

During phase II, the EC concentrated its efforts on resolving the transparency and sim-
plicity of the NAPs. Member States reviewed their administrative rules incorporated in 
phase I for these proposals. In addition, the EC introduced several standardized tables to 
summarize key information comprised in the NAPs. It is also remarkable that phase II is 
coinciding with the second period of Kyoto Protocol. That proves the EU and its Member 
States were able to proportionate and meet their emissions targets and commitments as 
declared under the UNFCCC and the Kyoto Protocol (COM 2014c). Furthermore, phase 
II adopted legislation related to the aviation sector and set the cap on allowances, where 
aviation is enabled to opt for both forms of allowances for compliance purposes by installa-
tions: fixed or not fixed installations (COM 2014a).

The opinion among scientists concerning emissions policy is divided: There are sev-
eral authors such as Böhringer et al. (2008), Martin et al. (2014) and Vlachou (2014) who 
relate the difficulties and the economic efficiency losses from the appl ication of the EU-
ETS on the free allocation ‘cap and trade’. In addition, these authors provide discussions 
about the limitation of the restricted environmental effectiveness and the significant emis-
sion reduction during phases I and II. Meanwhile, Dietz et al. (2009) and Egenhofer (2007) 
concentrate on the benefits of incorporating behavioural mechanism for taking household 
and domestic actions for promoting the rapid carbon emissions reduction. Furthermore, 
Egenhofer highlights the possibility to enlarge forestry projects, or enabling carbon cap-
ture and storage projects in order to improve the Clean Development Mechanism (CDM) 
as future mechanism under the line of the Kyoto Protocol. EC policy has implemented 
ETS based on the GHG reduction for the development of a low-carbon economy based on 
decarbonized power sector (majorly attributed to fossil fuel energy consumption) by 2050. 
To achieve this scenario, the EC intends to replace partially fossil fuels (i.e. transport and 
heating by sustainable biofuels) and proposes innovation in cluster sectors (i.e. agriculture, 
industry or power generation) to increase the energy efficient and to reduce  CO2 emissions. 
Additionally, EC expects consumption of electricity only would continue to grow at his-
torical maximal peak rates in the next decades due to prospective improvements in energy 
efficiency. In summary, the EU electricity plays the central role in the low-carbon economy 
and electricity may implement renewable energies significantly with the continuity of sup-
ply at all times (COM 2011).

Albeit, EU-ETS has mostly focused on the application of industrial processes such as 
energy or transport in the past, but approaches to include the agriculture sector under the 
reform of the EU-ETS system since 2013 by introducing a voluntary system for farming 
and agriculture, and rural development (COM 2013).

1.2  Agricultural greenhouse gases in the EU and Spain

Figure 2 provides an overview of EU-28 (without transport) and EU-27 (including trans-
port) related to the GHG emissions per capita (measured in t  CO2 equivalent) in the main 
source sectors from 2005 to 2012. The data compiled represent the annual emissions of 
 CO2 equivalent  (CO2,  CH4,  N2O, HFCs, PFCs,  SF6) per capita from EU countries. Sector 
data are available for the following main source categories: Energy, Industrial Processes, 
Solvent and Other Product Use, Agriculture, Land-Use Change and Forestry (LULUCF), 
Waste and Transport. The most important sector is the energy industry (i.e. combustion 
and fugitive emissions) with a maximum peak of 4106.59 t in t  CO2 equivalent per capita 



in 2006. Furthermore, the energy industry represents 52.80% of the total EU-28 and EU-27 
emissions during the period 2005–2012. Transport3 is the second largest emission sector 
(2005–2012: 33.38%), followed by agriculture (2005–2012: 6.59%) and industrial pro-
cesses (2005–2012: 4.98%)

Figure 3 illustrates the inter-annual variation. In general, total sector GHG emissions, 
without LULUCF, in the EU-28 (for transport EU-27) have decreased by 46.20% between 
2005 and 2012. (Registered data indicate for 2012 a total of 4544.22 t CO2 equivalents per 
capita.) Emissions representatively have been reduced by 1.28% (59 Mt CO2 equivalents) 
between 2011 and 2012. The minimum peaks were reached in 2008–2009 where all sectors 
were affected, but especially energy, waste and industrial processes.

Fig. 2   GHG emissions per capita for EU28 and EU 27 (transport) in t CO2-equivalent per capita, based on 
EEA (2014)

Fig. 3   Variation per year of GHG emissions in t CO2-equivalent per capita for EU28 and EU27 (transport), 
based on EEA (2014)

3  Data for transport were available only for EU-27 and only for the years from 2005 to 2010.



The general world increase/decrease of emissions might be explained by following 
Tucker’s (1995) argumentation that the CO2 equivalent per capita drops if gross domestic 
product (GDP) per capita decreases and the economic deceleration is caused directly by a 
decrease in income. For this situation, the EC explains that energy and GDP trends in 2009 
were the results of the economic downturn caused by the financial crisis, which produced 
the market’s deterioration and the credit rationing, which resulted in a slowdown of private 
investment in all sectors (Capros et al. 2010).

However, CO2-equivalent per capita continued growth in 2009–2010 after the decline 
in 2008–2009. Berghmans et al. (2014) underlines that the increase can be explained by 
‘[…] a rebound in coal’s competitiveness as a fuel for thermal power plants in Europe, par-
ticularly due to the export of the excess coal produced in the United States to Europe, and 
to the collapse in the carbon price in Europe, which no longer penalised coal-fired power 
plants in 2011 and 2012 […]’. This fact reveals the evident importance of how energy 
and industrial activities are contributing to the increase of emissions. Moreover, Maraseni 
(2009) explains the impact and general benefits (i.e. human behaviour, environmental and 
economic) from Australia’s discussion about the relation between government strategy and 
introduction of an ETS in agriculture.

Figure 4 presents the Spanish emissions for two similar sectors in comparison according 
to the EU data: industrial processes and agriculture. According to the graph, emission in 
agriculture is a median variation superior (for the period 1990–2012) to 10,392,351.29 Mg 
tonnes, which is equal to the median variation value of 0.248 Mg tonnes per capita.

1.3 � Agriculture policy in the EU and Spain

The European Agricultural Fund for Rural Development (EAFRD) (see COM 2012a) 
and the Common Agricultural Policy (CAP) establish and conduct primarily the propos-
als of Mansholt (1952) in order to modernize farming and raise efficiency (COM 2012b) 
by proposing the development of competitiveness, management, quality of life and assess-
ment of the social, economic and environmental situation. The implementation of CAP 
differs among EU countries. The CAP policy has been implemented in Spain since 1986 

Fig. 4   Emissions and equivalent emissions for industrial processes and agriculture in Spain (1990–2012), 
based on EEA (2014)



(Table 1). The CAP subsidizes the protection and safeguard of farming ‘[…] because of its 
multifunctional nature and the part it plays in the economy, the environment and society 
in general […]’ (Gorman et al. 2001). Actually, the EU has emphasized and endorsed the 
multifunctional agricultural character in the third CAP generation, also called the current 
European Model of Agriculture. Since 2003, the CAP considers that agriculture and rural 
areas not only are producers of agricultural commodities, but also incorporate externalities 
such as environmental, social goods, food security and foster animal welfare (COM 2002). 
For Gómez-Limón et al. (2008), these goods mainly are of economic and social character 
but might improve society.

By this means, the agriculture strategies for the EU policy are focused on the implemen-
tation of new agriculture market models based on environmental management, sustainabil-
ity cohesion, food security and policy efficiency (COM 2015a), which is corresponding to 
the framework integration of the DPSIR (Driving force, Pressure, State, Impact, Response) 
model of agriculture opportunities. The DPSIR provides a feasible model for agricultural 
management (Paustian et al. 1998) by including mitigation of the pressures and risks linked 
to environmental damages, like emissions or management soil (among others). Moreover, 
the future of the EU’s common agriculture policy after 2020 is based on nine principles, 
where ‘acting against climate change’ continues being the top priority principle.

Table 1   CAP systems of EU and Spain, based on COM (2015a)

a Spanish policy characteristics according to CAP implementation

Period Policy characteristics in

EU Spaina

The early years (60s) Price support
Productivity improvement
Market stabilization

No effects of the EU policy
Rural exodus and dictatorship

The crisis years (70s/80s) Over-production
Exploding expenditure
Internal frictions
Supply control

Spain joined the EU in 1986
Agrarian modernization based on 

technology

The 1992 REFORM Price cuts and compensatory payments
Surplus reduction
Income and budget stabilization

Adopting compensatory payments
Reduction of several crops and 

specialization
Agenda 2000 Deepening the reform process

Rural development
Rural development based on eco 

practices
CAP REFORM 2003 Market orientation

Decoupling
Cross-compliance
Consumer concerns
Environment
Enlargement

Adopting decoupling
Management and good application 

practices
Environmental conditionality
Modulation on payments
Rural development

CAP Health Check 2008 Reinforcing 2003 Reform
Dairy Quotas

Reinforcing Reform in 2012
Capping quotas and limits

CAP Reform Post-2013 Greening
Targeting
Redistribution
End of production constraints
Food chain
Research and innovation



2 � Methodology

This study proposes an empirical–analytical general autoregressive conditional heterosce-
dasticity (GARCH) model based on the stylized facts of GHG per capita during the period 
1990–2012, focussing the argumentation that GHG emissions depend on different factors 
where the social concept might influence over the mitigation of GHG emissions. Under this 
perspective, this research proposes traditional variables of land use and management based 
on soil management (use of fertilizers, fungicides, insecticides, between others) and energy 
management, consumption of energy from fossil fuels, coals and gases resources, and num-
ber of new machinery for the production. The research addresses the research question in 
the following context ‘What are the results of emissions regarding sociodemographic char-
acteristics of agricultural workers (age and sex) and agricultural management in Spain?’ 
and ‘Which are the variables that most affect GHG related to land use and management?’.

This article aims to test the following hypotheses: ‘There is an effect on emissions 
related to agricultural management (soil and energy management) and sociodemographic 
characteristics of agricultural workers’ based on the first research question. The stipulated 
hypothesis consists of two sub-hypotheses: ‘New technology used in machinery (tractors, 
tillers and harvesters) or old technology used (defined by oil consumption) do not influence 
directly the emissions’ and ‘However, energy and fertilizers consumption influence directly 
the emissions’.

This research provides a statistic–analytical analysis based on public data, which 
includes sociodemographic characteristics and social environmental management vari-
ables. Table 2 illustrates the selected key indicators and variables related to management 
and emissions in agriculture based on EU CAP policy (Table  1). The research analysis 
estimates emissions equivalents for agriculture in Spain due to the use of fertilizers,4 pes-
ticides,5 and emissions equivalents for agriculture and agricultural energy management.6 
The study collects data from Eurostat (2016) and MINETUR (2016) between 1990 and 
2013.

The research adapts Tucker’s (1995) theory about the variation of emissions per capita 
(

Δ
CO2

pop

)

 for the inclusion of sociodemographic aspects in the proposed model.
The GARCH model is based on the GHG equivalencies obtained by the emission con-

version factor when energy data are available (Spellman 2015). Accordingly, the GARCH 
composes total emissions into a linear regression model. Available energy economic lit-
erature, for example Pao and Tsai (2011), proposes regression analysis to be an adequate 
analysis procedure for dependency of energy emissions. Emissions equivalents per capita 
depend directly on energy management (Table 2, variables Z, coals, oil, gases and electric-
ity) and soil management (Table 2, variables C, D, E, F and G). The variables of energy 
and soil management are converted into emissions by applying physical properties of con-
version factors (i.e. emissions of electricity are obtained by multiplying a coefficient per 
KTOE of electricity).

4  Fertilizers include nitrogen, phosphorus, phosphate, potassium and potash.
5  Pesticides include herbicides, fungicides, bactericides and insecticides.
6  Agriculture and agricultural energy management include total of new tractors, tillers and cereal har-
vesters, consumption of energy from coals, fossil fuel oils, gases resources and non-renewable electrical 
resources.
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The GARCH model estimates agricultural gross GHG emissions per capita because of 
the time-series character of the compiled data. This model provides a flexible structure to 
prove the conditional covariance matrix based on the equation of Bollerslev et al. (1988). 
The following equation defines the model as:

where ‘pop1’ represents the variable agricultural population sex and interval of age under 
the selection of different models and ‘pop’ refers to the total agricultural population (per 
capita). The research identifies variables considering different types of agriculture popula-
tion (i.e. by total, men, women and the different age intervals). The variable ‘type of popu-
lation (pop1)’ represents the coefficient, which divides ‘agricultural gross GHG emissions 
(H)’.

Table 3 illustrates the distribution of the selected characteristics and data referred to the 
sex and age for employment in thousand between 1990 and 2013. These agricultural soci-
odemographic characteristics cover the population of agricultural workers men and women 
and the population age distribution from 16 to > 65 years.

Table  4 represents the Pearson correlation for the variables: total agricultural gross 
GHG per thousands of populations (H) represented by (Table 2) dividing by the sociode-
mographic characteristics (Table 3) in correlation with:

• Total of new machinery for the production per capita (Z/pop),
• Consumed energy from coals per capita (coals/pop),
• Fuel fossil oil per capita (oil/pop),
• Consumption of gases (natural gas) per capita (gases/pop),
• Consumption of electrical (non-renewable) sources per capita (elec/pop),
• Consumption of fertilizers per capita (C/pop, D/pop, E/pop, F/pop, and G/pop), and
• Consumption of pesticides per capita (S/pop, B/pop and HE/pop).

(1)

(

H

pop1

)

t

= �

(

Z

pop

)

t−1

+ �

(

X

pop

)

t−2

+ �

(

Coals

pop

)

t−3

+ �

(

Oil

pop

)

t−4

+ �

(

Gases

pop

)

t−6

+⋯ + �
t

Table 3   Agricultural sociodemographic characteristics analysed (in thousands)

Agricultural sociodemographic characteristics 
(in thousands)

[Mean ± SD] 95% Conf. interval

Min Max

Total agricultural employee population 1172.91 ± 139.05 882.84 1462.96
Agricultural employee men 762.29 ± 26.69 706.62 817.98
Agricultural employee women 410.61 ± 132.46 134.29 686.91
Employee from 16 to 19 years 31.42 ± 2.61 25.96 36.87
Employee from 20 to 29 years 164.03 ± 6.00 151.51 176.54
Employee from 30 to 39 years 225.48 ± 4.02 217.10 233.86
Employee from 40 to 49 years 236.26 ± 4.67 226.51 246.01
Employee from 50 to 59 years 243.42 ± 15.35 211.40 275.44
Employee from 60 to 64 years 110.25 ± 8.81 91.87 128.62
Employee =>65 years 45.45 ± 13.73 16.81 74.09
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The results of the obtained coefficients demonstrate that linear regression is a suitable 
method to analyse the available data.

3 � Research findings

The GARCH model analysis compares models (I) and (II) on the basis of available data 
from 1990 to 2013. Table 5 illustrates the results of model (I) including the use of new trac-
tors, harvesters and tillers (Z/pop) with equations from (a) to (j). Table 6 represents model 
(II) including energy consumption from fossil fuels (oil/pop) in major relationship to old
machinery with equations from (k) and (t). Model (II) excludes in its equations between
(k) and (t) the variable total of new tractors, tillers and cereal harvesters used per capita (Z/
pop) for the emissions per population type (H/pop1); meanwhile, model (I) excludes vice
versa in its equations between (a) and (j) the variable consumption of energy from fossil
fuels oils per capita (oil/pop). The computed results suggest links between the active work
population in different contexts (sex and interval of age) and the selected key indicators
(compare Table 2).

The likelihood ratio test allows rejecting the null hypothesis for regressions if the sta-
tistics value is small (near zero). Thus, equations (a), (b), (k) and (l) indicate better fitting 
regressions in comparison with the rest of the equations due to the likelihood ratio val-
ues (closer to zero). For instance, the restrictions (a) with the likelihood ratio = −32.096 
and equation (k) with the likelihood ratio = −30.886 are smaller than restriction (b) with 
a likelihood ratio = −39.693 and (l) with a likelihood ratio = −39.524. The most unfit-
ting regressions are equations (d) (likelihood = −119.875), (n) (likelihood = –120.384), (j) 
(likelihood = −120.512) and (t) (likelihood = −120.657). The result findings are reason-
able because there are a smaller number of employees aged between 16 and 19 and over 
65 years.

The Akaike (AIC) and the Bayesian (BIC) information criteria provide a measure to 
fit the computed equations in the models. The better fitting calculated equations are (a) 
(AIC = 92.19219; BIC = 108.6849) and (k) (AIC = 89.77228; BIC = 106.265). Thus, AIC 
and BIC for equations (d), (n), (j) and (t) are worse than the other calculations.

The interpretation of all equations in both models is that there are highly significant 
levels regarding fertilizers and energy consumption, independently of the age population, 
although there are exceptions in the models: There is no relevant significance in the inter-
val of age between 60 and 64 years. For the best equations (a) and (k), the results reveal a 
high significance level (p < 0.01) in the variables nitrogen per capita (C/pop), herbicides 
per capita (HE/pop), consumption of energy from gases resources (gases/pop) and con-
sumption of electricity from non-renewable resources per capita (Elec/pop). The results 
demonstrate high correlation for all variables with R-squared round 0.90 or higher and 
white noise disturbance is different to zero.

In comparison between men and women, both models fit better for men (compare AIC 
and BIC). Furthermore, men and women differ in use of fertilizers (i.e. in model (II) when 
old machinery is used, consumption estimate of manufactured fertilizers phosphorous (D/
pop) is 0.9100 for men and 0.4516 for women). Only the consumption estimate of manu-
factured fertilizers nitrogen (C/pop) does not differ in both sexes. In both models, men have 
obtained better significance levels than women; in the case of consumption of energy from 
coals (Coals/pop) (p < 0.1), they use new or old machinery. New machinery applies (Z/pop) 
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which is used in model (I) of Table 5, and old machinery depends on oil consumption (oil/
pop) which is used in model (II) of Table 6.

The 20–39 years agers have comparatively a higher significance level in the use of new 
machinery than the rest of the population (Z/pop with p < 0.1 for 20–29 years and Z/pop 
with p < 0.05 for 30–39 years).

There are also differences due to the inclusion of new tractors, tillers and cereal har-
vests used per capita (Z/pop) for the age range of 30–39 years (equations (f) and (p)). The 
significances increased when Z/pop is not used (for insecticides per capita (S/pop), fungi-
cides and bactericides per capita (B/pop) and consumption of energy from coals per capita 
(Coals/pop with p < 0.01).

Finally, the use of new machinery in model (I) (Table 5) has reduced significance in the 
application of insecticides (S/pop) in comparison with model (II) with fossil fuel consump-
tion (Table 6).

4 � Discussion

The European discussion about emissions focuses on the substitution between oil and old 
machinery (i.e. Low-Carbon Technology Roadmap). According to that, this paper high-
lights that oil is not the only variable influencing emissions in agriculture: consumption 
electricity of non-renewable resources and gases, herbicides and fertilizers such as nitrogen 
has a high influence on emissions per capita. Specifically, the research findings demon-
strate that emissions are directly influenced by the consumption estimate of manufactured 
fertilizers per capita (C/pop), herbicides per capita (HE/pop), consumption of energy from 
gases resources (Gases/pop) and consumption of energy from non-renewable electrical 
resources per capita (Elec/pop). These results coincide with the open debate about land 
use and management, where European policy has identified farmers as main drives of good 
practices to develop an innovative and sustainable agriculture. In this context of good prac-
tices, it should be underlined that Paustian et al. (1998) mentioned the importance of agri-
culture to mitigate emissions by considering changes in land use and management, which 
contribute to the sustainable intensification (Schulte et al. 2014; Coyle et al. 2016). In addi-
tion, OECD (2001) proposes a reflection of non-commodities effects by promoting land 
conservation, cultural heritage and animal welfare, maintaining of landscape configura-
tion, supporting natural resources management (water, soil and air) in cultivations, eluding 
GHG, preventing biodiversity and underlying the rural socioeconomic development goal-
oriented term of multifunctionality related to multi-dimensional framework of sustainabil-
ity (Pope et al. 2017). Moreover, the OECD (2001) proposes under the concept of multi-
functional agriculture by ‘[…] supporting natural resources management (water, soil and 
air) in cultivations, eluding GHG […]’.

The model points towards nitrogen as the most related fertilizer with high significance. 
Fertilizers consumption influences emissions. Under other perspective, recent authors have 
remarks that the different types of fertilization—mainly nitrogenous fertilizers (compare 
Fagodiya et  al. 2017; Kalkhoran et  al. 2019)—have increased the effects on emissions 
under the climate temperature conditions and water management (compare Aguilera et al. 
2013; Meijide et al. 2017). This study also suggests the inclusion of a new interpretation 
paradigm of management with the integration of energy consumption. Future research 
could develop the inclusion of all indicators: soil management, water management, energy 



management and Mediterranean climatological conditions. Moreover, this model might be 
applied for future retrospective studies based on the consolidation of organic fertilizers.

The results confirm that new technology used in machinery (tractors, tillers and har-
vesters) or old technology used (defined by oil consumption) does not influence directly 
the emissions. The model considers new technology as actually implemented in Spain, but 
according to the GARCH research findings it seems not to be enough to mitigate emissions. 
In addition, traditional energy consumption (coals, gases and non-renewable electricity) 
could affect directly the emissions independently of the interval of age or sex. Within this 
context, Europe regulation related to wheeled agricultural or forestry tractors is seeking to 
harmonize the process of machinery certification in a new grade of European vehicle fleet 
of an environmentally sustainable future. Thus, implementation of renewable energy (i.e. 
crop–biofuels or electricity of renewable resources) could mitigate the emissions as EC has 
proposed through the directives of 2030 Energy Strategy, which could be integrated by the 
policymakers for the wheeled agricultural and forestry tractors.

Although previous authors analyse the impact of emissions and demonstrate the correla-
tion between population and emissions (i.e. Heilig 1994; Tucker 1995; Gaffin and O’Neill 
1997; Meyerson 1998; Cramer and Cheney 2000; Shi 2003; Cole and Neumayer 2004; 
Jogerson and Clark 2010; Menz and Kühling 2011; Bento and Moutinho 2016; Apergis 
and Payne 2017; Patiño et  al. 2019), there are few agricultural studies available propos-
ing GHG per capita analysis. Previous researches (i.e. Liddle and Lung 2010; Menz and 
Welsch 2012; Okada 2012; Liddle 2013, 2014) define sociodemographic variables in rela-
tion to emissions. Moreover, few authors analyse the impact of age population (i.e. Yu 
et al. 2017), but Zagheni (2011) has demonstrated that age of population affects directly the 
emissions results: older age could help to reduce global emissions. This paradigm could be 
addressed to agriculture. The innovation of this article is to consider agricultural emissions 
per capita and sociodemographic variables of farmers (sex and age interval). The results of 
this paper demonstrate that older persons could not affect directly emissions in agriculture. 
(Population between 60 and 64 years has no significance on the model.) This social con-
cept is related to environmental friendly agricultural management,7 such as the non-ferti-
lizers use, the certified land area cultivated and the new technology use in machinery (e.g. 
tractors, tillers and harvesters), which define social environmental initiatives based on pol-
icy characteristics according to CAP implementation. Therefore, a discussion may focus on 
the concept of leisure activities in rural population of older farmers (Agulló-Tomás 2000).

While the models indicate that emissions and farmers’ sociodemographic character-
istics are associated with soil and management variables, the explanatory value of these 
models is limited. The GARCH model indicates significance in the cases of emissions by 
fossil fuels (in particular oil), which is associated with new and old machinery (tractors, 
tillers and harvesters). However, the model does not stipulate research findings on real 
emissions’ share in the agricultural sector. Furthermore, more variables regarding farm-
ers’ should be tested (i.e. different range of age in women, flat of used land, behavioural 
decisions to use fertilizers, ecological awareness of farmers, etc.). The models are limited 
in the available data which future research might develop, i.e. analysis of emissions per 
capita regarding the different agriculture crops types in Spain. Additionally, the authors 
propose to explore the farmers’ environmental attitudes and management and how these 
practices might modify the trends (i.e. if new machinery is used with insecticides sprayers, 

7  Agricultural management evolves farmers’ practices to adapt land use and production practices in order 
to contribute GHG mitigation, adaptation to climate change and to improve the environment (OECD 2012).



efficiency of insecticides increase and consequently, emissions could be mitigated by quali-
tative methodology).

Summarizing, the model confirms the hypothesis about the direct effect on emissions 
regarding the selected indicators (soil and energy management) and farmers’ sociodemo-
graphic characteristics as the results demonstrate. In particular, this paper demonstrates 
that middle-age men population has more influence in the GHG per capita in Spanish 
agriculture, which is reasonable because the working population in agriculture is mainly 
middle-age men (see Ministry of Agriculture, Fisheries and Food 2017). This confirms that 
middle-age men are managed land use.

Finally, Spain has mentioned the importance to consider the agricultural opportunities 
regarding environmental sustainability in the post-CAP 2020,8 but there is not yet a stra-
tegic policy available with the potential of emissions mitigation. Albiac et al. (2017) sug-
gest adjustment of crop fertilizations and forest of management sequestration as potential 
measures to decide for a policy implementation for the GHG mitigation. However, this 
study reveals that these measures could not be sufficient in the fight against the real reduc-
tion of emissions. There is an important impact on emissions due to soil management (i.e. 
herbicides and fertilizers) and energy management based on consumption from non-renew-
able energy management and gases, among others. This means that the models probes that 
Spanish farmers continue making practices of non-environmental friendly management 
which need to be reflected in the environmental sustainable Spanish agricultural policy.

5 � Conclusions and policy implications

This research achieves the objective of testing emissions according farmers’ sociodemo-
graphic characteristics, especially by considering men, women and the different interval of 
age related to key indicators based on multifunctional agriculture (soil and energy manage-
ment). The research findings confirm the theory that machinery emissions are produced 
due to the estimated use (Gathorne-Hardy 2016), land management related to product con-
sumption (non-renewable energy resources, coals or gases) and the use of fertilizers and 
pesticides.

The approach of the models tests the hypothesis on the influence of energy and ferti-
lizers in emissions and the use between new or old machinery, and the research results 
demonstrate that there is no direct relationship to emissions. Thus, farmer’s attitudes over 
land use would contribute to the reduction of GHG without the dependency on the use of 
machinery (tractors, harvesters and tillers) on the consumption of fertilizers and energy.

The results obtained by the models represent a good estimation basis to discuss future 
policy trends (i.e. EU’s 2020, 2030 and 2050 strategies). Moreover, the research findings 
contribute to estimate the long-term objectives for EU’s rural development policy related 
to multifunctional principles by ‘[…] fostering the competitiveness of agriculture; ensuring 
the sustainable management of natural resources, and climate action; and achieving a bal-
anced territorial development of rural economies and communities including the creation 
and maintenance of employment […]’ (COM 2015b), and to consider the social responsi-
bility (Pellizzoni 2005; Holm and Halkier 2009) in agricultural activities.

8  See congress celebrated in Zafra, on 29 and 31 May 2019: https​://www.mapa.gob.es/es/pac/la-arqui​tectu​
ra-verde​-de-la-PAC-POST-2020-eco-esque​mas/.

https://www.mapa.gob.es/es/pac/la-arquitectura-verde-de-la-PAC-POST-2020-eco-esquemas/
https://www.mapa.gob.es/es/pac/la-arquitectura-verde-de-la-PAC-POST-2020-eco-esquemas/
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