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Abstract
Agricultural production and farm management are inextricable, since managerial aspects for safe  
and of high-quality food products have led to the development of successful production plans but multifaceted 
controversies as well. These controversies arise from the focus of policymakers, especially in the EU,  
to the environmental aspects of agricultural production, creating conflicting objectives for farmers. Energy 
from biomass derivatives could play a significant role in the dispute for economic and environmental 
sustainability in agriculture, along with the formulation of agro-energy districts. In this context,  
an MCDM model was developed integrating LCA data for the assessment of economic, environmental  
and energy sustainability regarding thirteen major crops in the Region of Central Macedonia in Greece.  
The model's objectives consist of maximization of farmers' gross income, minimization of emissions coming 
from farming practices and maximization of energy potentially coming from biomass. Furthermore, three 
different scenario-based directions allocate different weights to the respective objectives, creating different 
managerial strategies. The optimal production plan was the scenario in which the weights were allocated  
by goal programming. The optimal plan proposes the cultivation expansion of energy crops, tree crops, 
alfalfa and hard wheat to a higher degree. Moreover, a significant reduction to the cultivated areas of tobacco, 
rice, barley and soft wheat could lead to a potentially viable production plan.
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Introduction
Farm management in the EU consists of manifold 
conflicting aspects, while there is a strong need 
to rethink and re-design current farming systems. 
Such re-design process involves multiple 
objectives and stakeholders raising awareness 
for environmental sustainability in agricultural 
production. The increasing food demand  
and the unavoidable carbon footprint of agriculture 
will be the two major obstacles to overcome  
in the future (Mueller et al., 2012). Although 
farmers tend to comply with the imposed measures 
in order to be subsidized by the EU, new emerging 
challenges complicate their decision-making 
process. Agri-environmental measures were 
implemented for the first time in 1992 (Freibauer 
et al., 2004) and have been evolving through 
time, achieving an average positive impact  

to the primary sector of the EU (Batáry et al., 
2015). Agri-environmental schemes were designed 
to alleviate the impacts of poor strategic planning 
regarding farm management (e.g., reduction  
of fertilizer and pesticide use), to promote alternative 
agricultural practices (e.g., integrated production, 
organic farming) and to enhance biodiversity 
(Science for Environment Policy, 2017).

The current regulatory framework for agri-
environmental measures (REGULATION (EU) 
No 1305/2013, 2013) has contributed significantly 
to the reformation of rural development  
in the EU (Batáry et al., 2015; Carvalheiro et al., 
2013). Although this regulation has been in force 
for a long time now, there are several amendments 
which have changed manifold articles, while  
the two latest have been enforced in 2021 (EU 
2021/399 and 2021/1017). Nevertheless, Batáry 
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et al. (2015) highlight significant costs regarding 
the subsidiary character of these measures, whilst 
several studies outline limited measure efficiency 
on a regional level (Cortignani and Dono, 2019; 
Nunes et al., 2017; Schmidt and Hauck, 2018). 
In this context, the political agreement (European 
Commission, 2021) emphasize on the necessity  
of a versatile and agile framework with simpler 
rules, more fair and more “green”, for the future  
of CAP. Furthermore, the proposed green 
architecture of the new CAP entails the idea  
of eco-schemes (Meredith and Hart, 2019),  
a regional support framework for farmers that 
will be implemented in the newest CAP, based  
on regional characteristics of the different 
areas in the EU. In this context, the Renewable 
Energy Directive (EU, 2018) which promotes 
local renewable energy communities, could play  
a significant role to sustainable management  
in farming along with eco-schemes.  

Furthermore, the updated European Bioeconomy 
strategy (European Union and Directorate-General 
for Research and Innovation, 2018) focuses  
on sustainable plans that efficiently allocate energy 
resources and promote renewable forms of energy, 
such as biomass (Ronzon and Piotrowski, 2017). 
Biomass is considered as an efficient, reliable 
and environmentally friendly source of energy 
(Manzano-Agugliaro, 2007) and it has already 
been proven that specific biomass utilization 
pathways could enhance the socioeconomic 
development of rural areas as a whole (Nishiguchi  
and Tabata, 2016; Rincon et al., 2019). Furthermore,  
the exploitation of energy crops is a key aspect  
in a sustainable and continuous provision of energy 
scenario (White et al., 2013). However, biomass 
conversion systems consist of several bio-energy 
pathways (Tziolas, Bournaris, Nastis, and Manos, 
2018), which complicate the formulation of bio-
based industries, due to conflicting interests 
among policy makers, stakeholders and farmers. 
The exploitation of conversion technologies  
in order to create sustainable forms of energy  
from agricultural produce and byproducts defines 
the term “agro-energy” (Frayssignes, 2011).  
The idea of independent or semi-independent rural 
areas that could generate sustainable forms of energy 
while achieving environmental and economic goals 
is strongly connected to the development of agro-
energy districts (Macrì et al., 2016).    

This multifaceted infrastructure of rural areas 
exploiting biomass with lower emissions  
from agricultural practices creates confusion  

to farmers, since their goals are usually related  
to maximization of income or minimization  
of costs. The new described challenges should 
comply with the traditional goals of farmers, 
thus entailing that agricultural landscapes should 
integrate a multifunctional character (Fischer et al., 
2017). The mitigation of climate change impacts 
is one of the most significant aspects regarding 
environmental sustainability and this is illustrated 
by the national adaptation strategies implemented 
by several countries in the EU (Biesbroek et al., 
2010), while the European Commission's Green 
Paper (European Commission, 2009) constitutes  
a wider urban and rural environmental framework 
for the Union. Therefore, rural areas and agricultural 
production should integrate these new challenges 
and address numerous competing demands, taking 
into account spatial heterogeneity (Verhagen  
et al., 2018). More specifically, ecosystem services 
strongly correlated with agricultural production 
(such as biomass derivatives, carbon stocks  
in soil, biodiversity etc.) could form a multi-
criteria decision-making (MCDM) model along  
with traditional goals of farmers.

In this context, multi-criteria techniques have been 
implemented in conjunction with life cycle tools in 
agriculture by several studies (De Luca et al., 2017; 
Tziolas, Bournaris, Manos, and Nastis, 2018). 
Apart from the tangible quantitative aspects such 
as costs, subsidies or labour hours, environmental 
impacts (direct or indirect) have been integrated 
into multicriteria models as well. Climate change 
in agriculture is transmuted to soil composition 
aspects (Mandryk et al., 2017; Seyedmohammadi 
et al., 2018) or GHG emissions (Baležentiene  
and Užupis, 2012; Nakashima, 2010; Yue  
et al., 2016), imported to multicriteria models. 
GHG emissions are usually derived from Life 
Cycle Assessment (LCA) indicators, namely 
Global Warming Potential (GWP), since LCA is 
considered as a great methodological approach 
for the environmental evaluation of agricultural 
systems (Ekvall and Finnveden, 2001; Foster et al., 
2006; Roy et al., 2009).

The main aim of this paper is the assessment 
of agricultural production in Northern Greece 
and the direction of different production plans, 
considering emissions from agricultural practices 
in the field, biomass production and economic 
aspects. The current work is a continuation  
of Tziolas et al. (2017), in which an MCDM 
model was implemented for optimal farm planning  
in the smaller municipality of Almopia. The present 
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study constitutes a part of a broader research  
in the Region of Central Macedonia (RCM)  
in Greece, highlighting the economic  
and environmental assessment of the agricultural 
production on the area. The assessment is enriched 
with primary data obtained from a survey conducted 
in every sub-district of the Region. Three scenarios 
with different set weights on each objective are 
optimized. The first scenario distributes the weights  
in equal terms, whilst the second scenario 
depends on primary data from the questionnaires.  
The third scenario is based on percentage deviational 
variables, as it is widely implemented in several 
agricultural systems (Bournaris, Papathanasiou, 
Manos, Kazakis, and Voudouris, 2015; Gómez-
Limón and Berbel, 2000; Sumpsi, Amador,  
and Romero, 1997). 

Materials and methods
In order to identify the optimum farm plan  
for the area of interest, an MCDM model  
with multiple scenarios was developed. The main 
objectives incorporate gross margin maximization, 
which is a traditional goal for farmers, energy 
maximization from biomass and minimization 
of the on-field GHG emissions. Emissions are 
measured in CO2 equivalents, based on a unified 
LCA indicator (Global Warming Potential - 
GWP). The model outlines an assortment of 
managerial acts of agricultural production, 
regarding costs, labour hours, fertilizer application, 
income, irrigation needs, CAP obligations etc. 
Datasets for GWP indicators, potential energy  
from biomass, irrigation needs, fertilizer 
application, agrochemicals and diesel consumption 
have been derived from an LCA published research 
(Tziolas and Bournaris, 2019). All the relevant 
datasets regarding economic data were drawn from 
two private agricultural consulting firms located 
in the regional units of Thessaloniki and Pella.  
A sample of 502 farmers, meeting the research 
needs, was extracted from the firms’ databases  
to create a reliable and representative sample  
for the entire region. The sample included only 
farmers who followed conventional agricultural 
practices and agriculture was their main source  
of income for the period 2016-2017. In addition  
to secondary data, we have also collected 
primary data (147 questionnaires out of the 502)  
from the farmers who accepted to cooperate via  
the mediation of the two private agricultural 
consulting firms. The main aim to acquire primary 
data was to capture useful factors for the LCA 

(e.g., kg of nitrogen fertilizers, working hours  
of an agricultural tractor per hectare, m3 of irrigation 
per hectare, etc.) and to highlight the perspective  
of farmers in relation to the model’s objectives.

Many producers appeared to be quite reluctant  
to provide information about their farms, despite 
the assurances of us and the two private agricultural 
consulting firms. This was the main reason  
for the cooperation with private firms, so that  
the results could be verified and up to date. Finally, 
the answers were cross-referenced with similar 
surveys carried out abroad in order to accurately 
depict the environmental data, since producers 
found it difficult to accurately estimate quantities  
of diesel used, hours of mechanical work per hectare, 
etc. The gist of the approach is the formulation  
of three scenarios, based on different weights  
for each objective. The model follows  
the methodological procedure designed  
and successfully implemented by Sumpsi  
et al. (1997) and Bartolini et al. (2007). The first  
scenario (SC1) allocates the weights equally 
to each objective. The second scenario (SC2) 
depicts the preferences of farmers based  
on questionnaires delivered in the sub-regions  
of the RCM, while the third scenario (SC3) is  
a weighted goal programming approach based  
on deviational variables. A surrogate utility function 
for each scenario should be introduced in pursuance 
of the simultaneous optimization of the three 
objectives simultaneously. The ideology behind this 
approach lies on the simulation methods of Sumpsi 
et al. (1997) and Amador et al. (1997), which have 
been implemented specifically on agricultural 
systems, allocating different weights to each goal. 
This approach has been successfully employed  
by several studies regarding water management  
in agriculture (Bartolini et al., 2007; Bournaris et 
al., 2015), farm planning (Bournaris, Moulogianni,  
and Manos, 2014; Manos, Papathanasiou, 
Bournaris and Voudouris, 2010) and environmental 
management (Manos, Papathanasiou, Bournaris 
and Voudouris, 2010). The MCDM model develops 
three different production plans for the area  
of interest, whilst a step-by-step procedure  
for the formulation of the MCDM model is depicted 
in Figure 1.  

Model specification

The model specification section will provide  
an extensive overview of all the necessary 
information for the formulation of a linear 
programming model and, by extension, an MCDM 
model for the study area. In more detail, the decision 
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Source: Authors'  elaboration
Figure 1: Step by step procedure for the MCDM model.

variables, the different goals, the constraints  
and useful features for the implementation  
of the model will be presented.

Decision variables

Each farmer manages a different mix of Xi variables 
(which are depicted as crops). The reorganization 
should be performed in a wider context, at the 
level of the entire study area. Thus, the decision 
variables will form an integrated production plan  
for the RCM, depicting the necessary fluctuations 
on the existent production plan, based on the 
examined objectives. 

Objectives

The objectives of the MCDM model are outlined  
as necessary from the point of view of both farmers 
and policy makers and they also incorporate  
the rationale for investing in rural areas, through 
biomass industries. The mathematical expression  

of each objective is illustrated as follows:

•	 Maximization of gross margin, which is  
the main motivational factor in the decision-
making process of farmers. Therefore, 
Gross Margin (GM) for each crop i is taken  
into account, whilst GMi is calculated  
in euros per hectare: 

•	 Maximization of the potential energy  
from biomass, which is a social and European 
goal for renewable energy sources. This 
objective has a social aspect, since apart 
from the autonomy, it can create energy 
communities and strengthen key elements 
of rural economic life (e.g., reduction  
of unemployment), while reducing burning 
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of residues in open fields. The objective 
function to maximize energy (EN)  
from each crop i is defined as follows  
and the ENi is calculated in Megajoules  
per hectare:

•	 Minimization of GWP from farming 
practices, which is expressed in CO2 
equivalents, is an aspect of the emission  
of harmful air pollutants into the atmosphere. 
This is a new objective, with multiple 
benefits for the local community, stimulating 
awareness for all the involved parties 
(farmers, political leadership, the EU).  
It is an environmental objective trying  
to minimize the total harmful emissions 
(GWP) of each crop i, while GWPi is depicted 
in kg of CO2 equivalents per hectare:

Constraints

The data collected from the relevant sources  
(the Directorate-General for Agriculture  
and Veterinary, the Region of Central Macedonia’s 
Directorate, the Hellenic Statistical Authority 
and the Ministry of Rural Development and Food 
of Greece), as well as those from the existing 

production plan, constitute specific constraints.  
For this model, the constraints concern multiple 
aspects of agricultural production and they are 
referring to: land availability, variable costs, 
fertilizers, labour, diesel, agrochemicals, CAP 
regulations and market constraints.

Land use and data analysis

The RCM covers an area of 18,811 km2; it is 
divided into seven regional districts, namely 
Chalkidiki, Imathia, Kilkis, Pella, Pieria, Serres 
and Thessaloniki. The Region has a large number 
of protected areas (33.8% of its total area), though 
only half of the Natura 2000 sites have an organized 
management plan to provide a competent protection 
framework. Nevertheless, the energy from biomass 
derivatives is considered significant (Moulogianni 
& Bournaris, 2017), though the potential power 
plants’ capacity is average (1-2 MW) due  
to the structure of the area (Bakos et al., 2008). 
Regarding the production plan of the RCM, hard 
wheat and soft wheat are the most widespread crops 
with 24.37% and 10.92% of the cultivated land 
(Table 1). On the other hand, rapeseed covers only 
1.15% of the total cultivated area. However, it is  
a newly introduced crop, that gained more attention 
in recent years. Among the crops, there are also set-
aside areas, which oblige farmers to apply tillage 
operations once per year according to Article 94  
of the Regulation No 1306/2013 (EU), in order  
to be subsidized by the EU.  

Apart from the production plan for the RCM, Table 1  

Crops Area (ha) (%) Gross margin 
(€/ha)

Biomass energy 
(MJ/ha)

GWP 
(kg CO2  eq/ha)

Soft Wheat 57 431.60 10.92% 175.94 9 377.67 1 512.68

Hard Wheat 128 159.20 24.37% 274.67 8 540.38 1 512.68

Barley 29 700.10 5.65% 308.32 9 042.76 2 376.81

Maize 35 019.70 6.66% 442.68 22 162.80 5 096.92

Rice 27 508.60 5.23% 777.03 11 306.06 8 954.48

Tobacco 6 834.10 1.30% 1 450.85 2 740.13 4 715.80

Cotton 56 243.30 10.69% 1 030.00 8 731.80 4 405.36

Sunflower 22 515.60 4.28% 472.29 74 585.98 2 248.63

Rapeseed 6 049.70 1.15% 513.69 42 174.78 1 856.76

Alfalfa 23 793.10 4.52% 1 114.20 9 649.20 1 777.47

Peach trees 34 208.20 6.50% 2 947.86 18 673.32 4 510.86

Cherry trees 11 866.30 2.26% 6 006.32 11 099.09 2 767.24

Olive trees 40 253.30 7.65% 3 686.60 14 821.07 2 772.93

Set aside 46 398.30 8.82% 119.38 0 59.59

Total 525 981.10 100.00%

Source: Data rerived from Tziolas and Bournaris (2019)  
Table 1: Existent RCM production plan and relevant data.
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depicts the figures of the three main objectives  
of the mathematical model for every crop. Tree 
crops pay the most significant amounts of gross  
margin (up to 6,006.32 €/ha for cherry trees), 
though there are area restrictions, based  
on the climatic conditions for each regional district, 
with low potential to the arboriculture’s percentage 
fluctuation in the model. The two energy crops  
in the production plan (sunflower and rapeseed) 
are not cultivated in a large scale but generate high 
amounts of energy as expected, with 74,585.98 
MJ/ha and 42,174.78 MJ/ha respectively.  
The biomass energy for the rest of the crops 
refers to the exploitation of agricultural residues. 
The large amounts of cobs and stalks from maize 
significantly increase the outcome of biomass 
energy by 22,162.80 MJ/ha. The final objective 
involves the on-farm emissions and it is depicted  
in kg of CO2 equivalents per hectare. Rice emits  
the highest amounts of GHGs (8,954.48 kg CO2 
eq/ha), whilst hard and soft wheat produce only 
1,512.68 kg CO2 eq/ha. All the pertinent datasets 
have been derived from Tziolas & Bournaris (2019).

Scenario analysis

Multi-criteria mathematical programming is 
basically an extension of the mathematical 
programming theory and the gist of it is that there are 
multiple objective functions to optimize (Ehrgott, 
2005). The main difference between the solution 
of mathematical programming problems with one 
goal or with multiple goals lies in the concept  
of the optimal solution. Solving a problem  
of multicriteria mathematical programming focuses 
on finding a compromise solution rather than  
the optimal one, since the latter does not exist. 
In this context, a surrogate utility function is 
calculated, integrating the three objective functions. 
The formulation of the surrogate utility function 
assigns different amounts of weights to each 
goal, according to the exposition of each scenario  
(Table 2).

The first scenario (SC1) is detached from any kind 
of bias, regarding allocation of weights to the goals. 
It is a scenario that integrates in equal terms all three 
objective functions. Scenario 2 (SC2) allocates 

weights to the goals, based on a broader research  
in all the sub-districts of the RCM. More specifically, 
147 interviews were conducted, as described  
in the methodology section seeking farmers’ 
preferences among the main objectives  
of the model, namely income, biomass exploitation 
and environmental impacts of farming practices. 
Farmers were asked which one of the three 
objectives was the major from their point of view 
and a set of weights from each goal was elicited. 
The third scenario (SC3) has its basis in weighted 
goal programming and is suitable for the analysis 
and simulation of agricultural systems (Amador 
et al., 1997; Bournaris et al., 2015; Manos  
et al., 2006; Sumpsi et al., 1997; Tziolas et al., 
2017). Each one of the described scenarios 
will export a different production plan, based  
on the preferences introduced. The production 
plans integrate simultaneously all the given goals, 
with the same constraints, while allocating the crop 
mix differently. In order to determine the most 
efficient scenario, the Eco-Efficiency indicator was 
calculated (EE) (Bidwell and Verfaillie, 2000). 

Eco-Efficiency relies on a simple ratio between 
economic outputs and emissions to highlight  
a key-aspect between economic and environmental 
sustainability for farm systems (Masuda, 2016b). 
Efficiency in farm-scale is usually measured  
with Data Envelopment Analysis (DEA) (B 
Manos and Psychoudakis, 1997; Nastis et al., 
2012; Vlontzos et al., 2014), whilst DEA is also 
implemented with LCA datasets (Iribarren et al., 
2010; Rebolledo-Leiva et al., 2017; Vázquez-Rowe 
et al., 2012). The huge disadvantage related to DEA 
efficiency is based on the high data requirements, 
while DEA can be implemented to assess separate 
farming practices (Nastis et al., 2012) or a group 
of regional aspects (Masuda, 2016a) and not whole 
regions. In this context, the authors employ Eco-
Efficiency as an indicator for each scenario z which 
is presented below according to Masuda (2016b):

Where TGMZ is the total gross margin achieved 
and TGWPz is the total emissions from farming  

SC1 SC2 SC3

Weights Equal Farmers' preferences Percentage deviational variables

Methodological approach - Interview based Weighted goal programming

Normalization ✓ ✓ ✓

Source: Authors' elaboration
Table 2: Scenario aspects and approaches.
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practices depicted in CO2 equivalents from each  
scenario z. In this manner, EEz is used as a managerial 
tool for the selection of the most efficient scenario 
in the study area.

Results and discussion
Pay-off matrix

The solution to each separate linear programming 
problem has exported three production plans  
and the Pay-off matrix is basically the depiction 
of these results. The Pay-off matrix essentially 
includes all the best values achieved for the goals’ 
set (Table 3). The first column depicts the three 
main objectives (maximization of gross margin  
– GM, maximization of energy - EN, minimization 
of impacts – GWP), while the last column (real 
values) depicts the existing plan’s results for each 
one of them. The rest of the columns represent 
the optimum results when linear programming 
is implemented for each objective. The results 
illustrate interesting extensions, since the three 
linear programming models achieve the defined 
objectives, but do not manage to achieve all three 
objectives at the same time.

The next step is to determine the weights for each 
scenario and assign them to the relevant goals.

Weight determination

The weights integrated in the model are illustrated 
in Table 4. SC1 is a scenario where all the weights 
are equally distributed, thus there is not any kind  
of moderation to the direction of the production 
plan. The SC2 is based on the broader research 
in the RCM. Questionnaires were distributed  
to farmers in each regional unit of the RCM in order 
to identify and document all the relevant inputs 
and outputs of agricultural practices in an LCA 

perspective (Tziolas and Bournaris, 2019). Apart  
from the primary findings, farmers’ preferences 
were investigated, asking them to put a weight  
on each objective. From the results, it is obvious that 
the main goal of farmers in the region is maximization 
of income (69.4%). However, a significant 
percentage is allocated to the minimization  
of GWP and environmental protection consequently, 
which highlights the raising awareness regarding  
the mitigation of climate change impacts  
in agriculture. 

Regarding SC3, the weighted goal programming 
model, which was based on percentage deviational 
variables, depicts the maximization of gross margin 
as the main objective (43%) once more, while 
sustainable development and the reduction of air 
pollutants generated by agricultural practices play 
an important, but secondary role. Optimization  
of biomass energy is an innovative goal that could 
be omitted for the other two scenarios, but it is less 
than a quarter of the weight preference (22.5%)  
for SC3. The analytical procedure for the weighted 
goal programming model is thoroughly described 
by Gómez-Limón and Berbel (2000).

Utility function

From the determination of weights, the utility 
function, which is essentially the unified form 
of the three objectives simultaneously, takes  
the form of one objective function for each 
scenario. The utility function should be integrated 
into the MCDM model, but the coefficients should 
be normalized first, since objectives are expressed 
in different units. In order to normalize weights, 
there is a need to find the difference between  
the ideal and the non-ideal value for each goal 
(Sumpsi et al., 1997). Each variation for the separate 
goals is divided by the corresponding weight given 

GM EN GWP

SC1 - - -

SC2 69.4% 9.4% 21.2%

SC3 43.0% 22.5% 34.5%

Source: Authors´elaboration
Table 4: Scenario set of weights.

Values
Optimum

Real values
GM EN GWP

GM (€) 544.773.004 502.313.301 484.342.000 514.351.918

EN (MJ) 6.889.808.721 7.684.419.705 6.778.164.351 7.029.814.718

GWP (kg CO2 eq.) 1.356.666.577 1.274.523.714 1.002.569.986 1.463.794.051

Source: Authors´elaboration
Table 3: Pay-off matrix.
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for the objective function. Thus, three different 
utility functions are formed as follows:
USC1 = 1.65 × 10-8 GM + 1.10 × 10-9 ΕΝ - 2.82 × 10-9 GWP

USC2 = 1.15 × 10-8 GM + 1.04 × 10-8 ΕΝ - 5.98 × 10-10 GWP

USC3 = 7.09 × 10-9 GM + 2.47 × 10-10 ΕΝ - 9.74 × 10-10 GWP

In this context, the depicted utility functions will 
be optimized under the same constraints, in order  
to elicit three optimal production plans  
for the region in discuss.

MCDM production plan

The output of each scenario develops different 
production plans, allocating inputs and cropland 
based on the set weights for every objective. 
Apart from the scenario outputs, Table 5 depicts 
the existing production plan as well. SC2 has  
a greater impact on inputs, especially for fertilizers 
(-10.84%) and agrochemicals (3.36%), though 
it is the only scenario that did not achieve all  
the objectives simultaneously, since biomass energy 
generation is reduced by 2.03%. On the other hand, 
SC1 and SC3 share a more rationalized perspective 
for the reorganization of agricultural production 
in the area, by achieving all the objectives 

simultaneously. The price to pay for this, is  
the little to none decrease of inputs. Figure 2  
illustrates the percentage deviation of the output  
of the scenarios compared to the existing production 
plan.

Under the current agricultural policies of the EU, 
a significant amount of greenhouse gas emissions 
could be mitigated if the relevant inputs were 
efficiently allocated. The fluctuation of the GWP 
indicator could reach a decrease between 7.90%  
and 15.06% depending on the selected scenario.  
The production plans of the scenarios have 
similarities in crop composition; hence, a main 
directive could be developed. The model proposes 
the augmentation of cultivated tree crops (+10% 
for cherry trees, peach trees and olive trees), 
energy crops (+30% for sunflower and rapeseed), 
hard wheat (+30%) and alfalfa (+10%) for all 
the scenarios. In this context, the expansion 
of arboriculture and energy crops could be  
the cornerstone for the RCM, to achieve a small 
step towards sustainable agricultural production.  

Regarding annual crops, the crop plan is diversified 
significantly, based on the selected scenario. SC3 

Source: Authors´elaboration
Table 5: Model validation for the three scenarios.

Existing plan
SC1 SC2 SC3

Mod. Values % deviation Mod. Values % deviation Mod. Values % deviation

GM (€) 5.10E+08 5.20E+08 2.00% 5.40E+08 5.58% 5.30E+08 2.71%

EN (MJ) 7.00E+09 7.60E+09 8.07% 6.90E+09 -2.03% 7.50E+09 6.46%

GWP (kg CO2 eq) 1.50E+09 1.30E+09 -14.37% 1.40E+09 -7.90% 1.20E+09 -15.06%

Costs (€) 8.10E+08 8.00E+08 -0.57% 7.80E+08 -2.71% 8.00E+08 -1.32%

Labour (h) 4.00E+07 4.00E+07 0.00% 4.00E+07 0.00% 4.00E+07 0.00%

Diesel (l) 6.10E+07 6.10E+07 0.00% 6.00E+07 -1.27% 6.10E+07 0.00%

Agrochemicals (kg) 2.80E+06 2.80E+06 0.00% 2.70E+06 -3.36% 2.80E+06 0.00%

Fertilizers (kg) 1.20E+08 1.20E+08 -0.33% 1.10E+08 -10.84% 1.20E+08 -1.54%

Soft Wheat 57 431.60 49 954.50 -13.02% 0.0 -100.00% 52 912.10 -7.87%

Hard Wheat 128 159.20 166 606.70 30.00% 166 606.70 30.00% 166 606.70 30.00%

Barley 29 700.10 1 140.10 -96.16% 32 670.00 10.00% 11 585.40 -60.99%

Maize 35 019.70 42 024.00 20.00% 0.0 -100.00% 28 958.80 -17.31%

Rice 27 508.60 0.0 -100.00% 30 259.90 10.00% 0.0 -100.00%

Tobacco 6 834.10 0.0 -100.00% 3 923.10 -42.60% 0.0 -100.00%

Cotton 56 243.30 56 423.50 0.32% 62 691.60 11.47% 62 691.60 11.47%

Sunflower 22 515.60 29 270.80 30.00% 29 270.80 30.00% 29 270.80 30.00%

Rapeseed 6 049.70 7 865.00 30.00% 7 865.00 30.00% 7 865.00 30.00%

Alfalfa 23 793.10 26 172.30 10.00% 26 172.30 10.00% 26 172.30 10.00%

Peach trees 34 208.20 37 628.80 10.00% 37 628.80 10.00% 37 628.80 10.00%

Cherry trees 11 866.30 13 052.60 10.00% 13 052.60 10.00% 13 052.60 10.00%

Olive trees 40 253.30 44 278.30 10.00% 44 278.30 10.00% 44 278.30 10.00%

Set aside 46 398.30 51 564.60 11.13% 71 562.00 54.23% 44 958.70 -3.10%
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Source: Authors´elaboration
Figure 2: Percentage deviation of the three scenarios’ outputs.

is the only scenario which depicts a decrease  
in set aside areas (-3.10%), whilst SC1 and mainly 
SC2 present a significant raise. Cotton cultivation 
is encouraged by all scenarios, significantly  
by SC2 and SC3 (+11.47%), but to a lower extent 
by SC1 (+0.32%). Finally, barley cultivation is 
almost excluded in SC1 (-96.16%), while in SC2 it 
is increased by 10% and in SC3 by 60.99%. Finally, 
the only viable production plan that integrates 
tobacco cultivation is SC2, but requires a significant 
reduction in covered areas (-42.60%). It appears 
that tobacco and rice could be substituted by cotton 
and hard wheat, in order to adapt the production 
plan to the relevant constraints and objectives.  

Eco-Efficiency indicator

Although farmers, policy makers and stakeholders 
may have different interests regarding  
the organization of agricultural production, weight 
allocation to specific goals develops an integrated 
approach. Therefore, to identify the optimal 
production plan for the area of interest, an eco-
efficiency aspect of every scenario is presented. 
Eco-efficiency as an indicator of sustainable farm 
planning and it is based on the two aspects that 
were identified as the most important for farmers. 
Income is the one and emissions from agricultural 
practices in the field is the other. The eco-efficiency 
ratio is depicted in Table 6 for each of the scenarios 
analyzed. 

SC1 SC2 SC3

0.4186 0.4016 0.4249

Source: Authors´elaboration
Table 6: Eco-efficiency ratio (€/kg CO2 eq).

The results for the eco-efficiency ratio are quite 

similar among the three scenarios. SC2 is the most 
underachieving scenario, as it was in absolute 
numbers. It is obvious that the scenario based on the 
questionnaire answers from farmers is unbalanced 
resulting in the least efficient production plan. 
Thus, stakeholders and policy makers should 
be integrated to the decision-making process.  
The second most efficient scenario is SC1, while 
SC3, which allocates weights based on a weighted 
goal programming model, is the most efficient  
of all, achieving a ratio of 0.4249.

Discussion

In this paper, potential changes in agricultural 
production of the RCM are investigated,  
with the implementation of an MCDM model that 
allocates weights on three different objectives. 
The configured model is based on a linear 
programming rationale and these methodological 
frameworks feature a considerable amount  
of limitations (Viaggi et al., 2009). The objective  
of energy maximization, especially  
from agricultural residues, could be received  
as arbitrary, since the infrastructure  
for the incorporation of all residues in the area 
is limited. On top of that, risk and uncertainty 
of agricultural production are not considered 
in the model, similarly to Gómez-Limón et al. 
(2004) and Bournaris and Manos (2012), which 
are significant aspects of agricultural production. 
This is one of the major problems when large 
areas of land are considered, since each area 
faces different challenges. Therefore, the choice  
of the current methodological framework 
integrating multiple criteria in several agricultural 
systems is deliberate. It has been implemented 
several times to assess water directives (Bartolini  
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et al., 2007; José A. Gómez-Limón et al., 
2002), CAP policies (Basil Manos et al., 2011)  
and potential energy from agricultural residues 
(Tziolas et al., 2017) on farming systems.

Furthermore, the weight distribution of SC2 
relies on the responses of farmers who implement 
conventional agricultural practices. Although most 
of the farmers in Northern Greece follow these 
types of practices, the weight percentages could 
develop a completely different strategy of crop 
production if other types (e.g. organic farming, 
reduced tillage) were included in the data sample. 
Regarding the set objectives, gross margin remains 
the main goal of farmers as demonstrated in other 
relevant studies (Manos et al., 2006; Tziolas  
et al., 2017). Environmental impacts in other studies 
could be illustrated as fertilizer application or water 
usage on the field (Bournaris et al., 2014), though 
the farmers’ income remains the most relevant 
objective. 

Farmers in the EU are highly dependent on subsidies 
(Falcone et al., 2016; Tziolas & Bournaris, 2019), 
thus the combination of LCA and MCDM could 
develop a solid policy framework, integrating 
economic and environmental impacts in order  
to find a compromise between the two aspects.  
The extension of tree crops is of utmost importance 
for the area, as suggested through the MCDM.  
The subsidiary framework could further focus  
on the costs for the establishment of tree crops,  
in order to promote their extension, though  
the budget proposal for the CAP after 2020 will 
decrease (European Commission, 2018a), leaving 
small to no hope for the investment provisions. 

Conclusion
The main aim of this research is the identification  
of optimal agricultural production in the RCM, 

based on economic, environmental and energy 
generation parameters. Financing of the newest 
CAP will engage a more environmental friendly 
profile, contributing to climate change mitigation 
and to sustainable energy production (European 
Commission, 2018b). Based on the latest directives, 
farmers will be rewarded for undertaking 
commitments that go beyond the mandatory agri-
environmental and/or climate policy requirements. 
This entails the major motivational aspect  
of farmers’ preferences, which is maximization  
of gross margin in conjunction with environmental 
preservation. Therefore, the authors propose  
the extension of energy crops in the RCM, along 
with a decrease of tobacco and rice cultivation, 
based on the three main objectives of the MCDM. 
Annual crops of the production plan in the RCM, 
such as soft wheat, cotton, barley and maize should 
be handled differently, based on the outcome  
of each scenario. 

The scenarios are designed to tackle regional 
economic and environmental problems, since 
local conditions may vary between different areas  
in the EU. Following the proposed new architecture 
of the CAP and the increased flexibility of eco-
schemes, policy makers are considering regional 
needs to a higher degree. Future research should 
incorporate more environmental indicators  
(e.g., acidification, non-renewable energy 
etc.), though as stated by Falcone et al. (2016)  
the perspective of potential stakeholders should 
be taken into account, as well as regional 
characteristics. Finally, mid-point indicators  
(e.g. ionizing radiation, toxicity, etc.) could develop 
unified end-point indicators (e.g. human health, 
biodiversity, etc.), which could illustrate and draw 
conclusions on the social extension of agricultural 
production.   
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