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Abstract: Agriculture is the main and, in some cases, the only, source of income and employment in
rural areas. The change in the conditions under which agriculture is practiced has various effects on
the agricultural economy but also on the social structure of rural areas. Climate change has multiple
effects on agricultural production, necessitating the reorganization of agricultural production in some
cases. These effects of climate change will also impact the economic and social aspects of farms in
rural areas. This paper attempts to identify these effects by measuring the socioeconomic impacts of
climate change in the region of Central Macedonia in Greece. For this reason, a multicriteria model
was developed to simulate these impacts by estimating a set of seven social and economic indicators.
The model was implemented to the average farm which was estimated from the main cultivations
of the region. A scenario analysis was also used in combination with the multicriteria model. The
multicriteria model suggests modifications are needed in the average farm crop plan of the region as
a result of the climate change impact. The scenarios results show that climate change will negatively
affect all the social and economic indicators and will continue to affect them over the years. These
results can be used by policymakers to understand the economic and social impacts of climate change
in the region to plan their future policies.

Keywords: climate change; social impact; economic impact; multicriteria analysis

1. Introduction

Climate change is a reality that is perceived in many aspects of human activity. The
impacts of climate change are multifaceted, affecting the environment primarily, and all
human activities related to it. Agriculture is one of the most affected sectors, as the interac-
tions between the environment and agriculture are multifaceted and complex. The exact,
positive or negative, effect of agriculture on the environment depends on the intensification
of agricultural production and the structure of crops. These are the management of soil
resources [1], the protection of ecosystem functions [2], and the formation of microclimates.
At the same time, the main effects of agriculture on the environment are related to water
resources, soil, and the atmosphere [1,3].

Thus, in the light of the globalization of markets and the implementation of environ-
mentally friendly agricultural policy measures, the aim is to mitigate the effects of climate
change and adapt agriculture to this new environment [4-7]. Without this necessary adjust-
ment, the competitiveness of production systems will be lost, and it will not be possible
to meet global demand. This need for adjustment has been seen as synonymous with
increasing or stabilizing productivity [8], but lately different views have emerged, focusing
on differentiating production directions and scale of production [9].

The change in the conditions in which agriculture is practiced affects, in various ways,
not only the agricultural economy but also the social structure of rural areas, if one considers
that agriculture is the main, in some cases the only, source of income and employment in
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rural areas. In the context of a globalized rural economy, Kanellopoulos et al. [10] found
that climate change could benefit entrepreneurs operating at the business level, seeking to
maximize profits, but smallholders and family farms would be the losers in this process. In fact,
Parry et al. [11] had already found that in developed countries, climate change will continue
to improve yields, achieving food security worldwide. In contrast, Jones and Thornton [12]
predicted an overall 10% reduction in maize production in Latin America, noting at the
same time very large differences in the magnitude of this reduction between regions, which
also delimit the magnitude of the socioeconomic impact of climate change. In addition, the
potential reduction of nitrogen fertilizer use will increase the role of low-input crops and
agricultural practices [13].

Thus, at the socioeconomic level, it is reasonable to expect sharpening of the contra-
dictions in the rural area, however their general prediction is not possible, due to the local
peculiarities and the endogenous characteristics of the productive systems worldwide. An
example of developing alternative scenarios for agriculture in the light of climate change is
the work of Abildtrup et al. [14] utilizing the “analytic hierarchy process” methodology. In
Australia, there is relevant research, for example the work of Nelson et al. [15], who seek to
develop a model for predicting the impact of climate change by correlating each scenario
with specific socioeconomic impacts.

This paper aimed to calculate the social and economic impacts of climate change in
rural areas of Greece. For this reason, a multicriteria model was developed, focusing on
the reorganization of the production plan of the region of Central Macedonia in Greece.
Furthermore, a scenario analysis was implemented. These scenarios measure the impact of
climate change in seven indicators (five economic and two social) that are considered crucial
for the farm owners. These indicators were selected following the limitations presented in
previous studies in the area, following the balance between the data availability and the
needs of farmers and policymakers.

In the following section, the combination of multicriteria methodology with the
scenario analysis is presented. The results of the model application and the discussion
of the scenario analysis results are given in Section 3. Finally, the last section offers the
conclusions and suggestion of the research.

2. Materials and Methods

In recent years, several researchers have assessed the impacts of climate change in
different countries. At the same time, the resilience and adaptability of small rural societies
to these new conditions have been studied [16-21]. Lal et al. [22] found that the effects
of climate change are generally more pronounced in rural areas than in urban areas of
the United States. In addition, Cierco Gomes [23], in her study for the Western Balkans,
argues that climate change will affect mainly the rural areas, and they are expected to
experience economic downturn and social consequences. In addition, Salvia et al. studied
how land management in Mediterranean Europe impacts the land degradation, evidencing
the intimate relationship between agriculture and sociodemographic factors of rural ar-
eas [24]. In Greece, specific effects of climate change on agricultural productivity have been
recorded [25], noting the need to restructure crops and introduce new production standards.

According to the OECD [26], “Greece’s unique geographical characteristics, shape the
distribution and access of people and resources across the regions”. These characteristics
result in populations living in low-density rural areas with less access to cities than in other
OECD countries. The region of Central Macedonia was selected due to the importance of
the rural areas of the region among the 13 Greek regions. The region is the largest, and
second in terms of population in Greece. With regard to the regions’ social and economic
profile, in 2019, the region employed 16.5% of the country’s workforce, while 13% of them
were employed in the primary sector [27]. In addition, the gross domestic product (GDP)
of the region accounted for 13.8% (EUR 25.56 B) of the national GDP [27].

As mentioned above, the methodology used was scenario analysis based on multicrite-
ria decision-making to measure the socioeconomic impacts of climate change in rural areas.
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According to Recchia et al. [28], multicriteria analysis is useful to detect all the possible
solutions and identify the optimum ones to minimize the costs and the environmental
issues related to climate change. Sumpsi et al. [29,30] and Amador et al. [31] propose
weighted goal programming as a methodology of decision-making problems, which is
based on multicriteria techniques. This methodology has been extended and has been
successfully implemented in different studies where conflicting goals can affect farmers’
decisions [32-38]. The model is a multicriteria decision-making (MCDM) model and was
developed due to the different and conflicting criteria which farmers consider when they
plan their production. In addition, the variables of the model are related to different
environmental, economic, and social attributes. Finally, the model, in comparison with
other methodologies or techniques, can achieve the optimum allocation for the production
factors (land, labor, capital), while it simultaneously optimizes several conflicting criteria,
such as the maximization of gross margin, the minimization of labor use, the minimization
of fertilizers use, etc. Briefly, the methodology estimates a utility function (UF) in order to
simulate farmers’ decision-making processes, broadening their main goal which is profit
maximization [39]. The UF is then used to calculate the optimum values for the main
objectives, in our case gross margin (max), fertilizers use (min), and labor use (min). The
methodology is implemented in the average farm of the region. The average farm has
a set of variables, Xi (crops), which represent the cultivated area of the farm. These are
the decision variables, and the total cultivation area of the average farm for all crops (Xi)
should be equal to 100 ha. This assumption is used to obtain the results of the model
(decision variables, Xi) in percentages.

In brief, the methodology can be summarized in the following steps. The first step is
the definition of a tentative set of objectives f1(X) ... fi(X) ... f,(X) which are assumed to
represent the real objectives of the farmers [31]. Once these objectives have been defined,
the next step is the calculation of the pay-off matrix. The pay-off matrix data are calculated
with an optimization of one objective in each different row. When the payoff matrix has
been obtained, the following system of g equations is solved:

q
i=1

and
Y wi=1 )

where:

wj are the weights for each objective that represent the real behavior of the farmer.

fij are the elements of pay-off matrix.

fi is the value achieved for the iy, objective according to the real crop plan.

The result of the above system does not give a set of weights. It is necessary to search
for the optimum solution by minimizing the sum of deviational variables that find the
closest set of weights. The next step is to formulate a weighted goal programming model
with percentage deviational variables [40]. The final solution for the weights is obtained by
solving the next linear programming (LP) model:

1 5. .
min ) P 3)
= i
q .
Y wifi+tni—pi=fii=12...9 4)
=
and
q
Y wi=1 5)
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where:

p; is the positive deviational variable (i.e., the measurement of the overachievement of
the iy, objective respect to a given target).

n; is a negative deviational variable that measures the difference between real value
and model solution for the iy, objective.

In the next sections, the proposed objectives, constraints, and scenarios to measure the
socioeconomic impact of climate change in rural areas are presented.

2.1. Objectives

The multicriteria model optimizes, at the same time, gross margin (max), fertilizers
use (min), and labor use (min). These three goals were selected as the farmers’ objec-
tives to achieve better economic (gross margin), environmental (fertilizers), and social
(labor) results.

2.2. Constraints

This multicriteria decision-making model was developed aiming at optimizing the
farm plan of the region of Central Macedonia in Greece, considering the available resources.
A set of constraints was developed regarding land use (ha), labor use (hours), capital
(EUR), irrigation of crops (ha), common agricultural policy (CAP), and other market related
parameters, as well as rotational and agronomic considerations of crops in the selected area.

e Land use: The sum of total available land for all crops (Xi) must add up to 100. This
constraint is only introduced to obtain the outcome of the model as percentages.

e  Labor use: The sum of required working hours (RWHIi) for each crop (Xi) must be less
than or equal to the total available working hours (TWH).

e Capital: The sum of the required capital (RCi) for each crop (Xi) must be less than or
equal to the total available capital (TC).

e Irrigation: The total land of irrigated crops must be less than or equal to the total
irrigated land of the region. Irrigated crops in this study were cotton, alfalfa, sunflower,
maize, and rice. Non irrigated crops were soft wheat, hard wheat, and barley.

o  CAP rights: The sum of production rights (PRi) for crops (Xi), according to CAP
regulations, should be less than or equal to the total production rights of the area (TPR).

e  Other constraints: Market and agronomics considerations, such as rotation (they were
defined according to market limitations and are based on the maximum historical
cultivation during the planning period).

2.3. Scenarios

The model was also used for the simulation of climate change scenarios. These sce-
narios were developed by combining different scenario developing approaches. They are
based on changes of different environmental parameters such as water and fertilizers use.
At first, the representative concentration pathways (RCPs) [41] and the shared socioeco-
nomic pathways [42], and their predictions and suggestions were analyzed. In addition,
the European socioeconomic scenarios for climate change proposed by Kok et al. [43] and
the approach based on shared socioeconomic pathways of Kriegler et al. [44] were taken
into account. Finally, the European Environment Agency (EEA) provides a dataset [45] for
a large number of indicators that affect climate change in European Union countries, and
specifically the agricultural sector. The study led to a large number of different scenario
combinations with too many different parameters that in our case were not affected by the
farmers’ decisions. Therefore, a focus on a set of criteria that affect farmer decisions were
agreed upon. For this reason, a survey among farmers and stakeholders (54 respondents in
total) was conducted, with a questionnaire regarding the most important climate change
indicators. The responses of this survey were considered, and fertilizers and water use
were the two main parameters, from the EEA indicators, that were selected in this study.
In addition, the time frame was selected by farmers and stakeholders, analyzing their
responses to the survey.
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The final decision was to adapt three local scenarios. According to Schermer et al. [46],
“locally adapted scenarios illustrate the future land-use changes as a result of both climate
change and different socioeconomic developments”. The three scenarios derived from
this process were the baseline scenario for the year 2018, scenario I for the year 2025, and
scenario II for the year 2030. The data for the predictions on fertilizers and water use
for Greece were derived from the European Environment Agency (EEA) [45]. The EEA
presents data for trends and projections of energy, emissions of greenhouse gases, and
some other indicators up to 2030, and cover EU25 members countries. These data were last
modified in 2017 and have been compiled by the European Topic Centre (ETC) on Air and
Climate Change of EEA. For Greece, the EEA predicts that from 2020 to 2030, the fertilizers
use will decrease by —0.6% per year and the annual change for water use will be —0.7%
(Table 1).

Table 1. Selected scenarios.

Scenarios Fertilizers Use Water Use

Baseline (2018) No change No change
Scenario I (2025) —4.20% —4.90%
Scenario II (2030) —7.20% —8.40%

These scenarios were used to measure the proposed crop plans and their participation
in the agricultural land use and the climate change impact on specific economic and social
indicators for the years of 2018, 2025, and 2030.

2.4. Socioeconomic Indicators

Another issue was the selection of the socioeconomic indicators. The selection of
the appropriate indicators requires data availability and the use of data that can be easily
obtained [47]. We used a set of economic and social indicators proposed by the Hellenic
Statistical Authority (HSA). The HSA proposes many indicators to describe economic and
social phenomena. We used the following economic and social indicators, which reflect
the balance between the ideal indicators and the limitations of data availability in Greece.
The economic indicators are farm income (EUR) (divided into family farm income (EUR)
and gross added value (E)), gross revenue (EUR), variable cost (EUR/ha), gross margin
(EUR/ha), and the social indicators are labor use (h/ha) and annual work units (AWU).

2.5. Area of Study

The region of Central Macedonia is one of the 13 Greek regions (Figure 1). With regard
to GDP and population, it is ranked second, and the total value of the primary sector is the
highest in Greece [48]. According to the Hellenic Statistical Authority, the primary sector of
the region corresponds to 22.6% of the total value of production in the country. The region
includes seven prefectures with different crop plans (Imathia, Thessaloniki, Kilkis, Pella,
Pieria, Serres, and Chalkidiki).

Wheat (hard and soft) is the main crop cultivated in the region in the nonirrigated
and mountainous areas. Cotton is also a crop with great economic importance for the
region, especially in Serres, Imathia, and Pella prefectures. Rice production is also an
important for the prefectures of Thessaloniki and Serres. The crop plan of the region of
Central Macedonia is presented in Table 2 [49]. In the crop plan are not included crops
with cultivated area less than 10,000 ha and permanent crops, such as trees.
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Figure 1. Map of the region of Central Macedonia in Greece.

Table 2. Crop plan of the region of Central Macedonia for 2018 [49].

Crop Irrigated (I) Area Percentage
Non Irrigated (N) (ha) Y%

Rice I 24,279 5.45
Hard Wheat N 101,718 22.83
Sunflower I 23,452 5.26
Soft Wheat N 45,220 10.15
Maize I 29,596 6.64
Barley N 31,634 7.10
Cotton I 76,330 17.13
Alfalfa I 43,963 9.87
Set Aside (SA) 69,355 15.57
Total 445,547 100

The distribution of each crop in the crop plan of the region of Central Macedonia is
presented in Figure 2. This distribution of crops is used as the crop plan of the average
farm in the region. This is the base for all the calculations and results for the crop plans in

this study, and it is assumed to be 100 ha.

Sunflower, 5.26
Rice, 5.45

Maize, 6.64

Barley, 7.10

Alfalfa, 9.87

Soft Wheat,
10.15

SA, 15.57

Hard Wheat,

22.83

Cotton, 17.13

Figure 2. Distribution (%) of the main crops of the region of Central Macedonia (2018) [48].
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3. Results
3.1. Multicriteria Model Results

The implementation of the MCDM model, as described in the Methodology section,
gave the following results with regard to the crop plan of the region of Central Macedonia
in Greece. In Table 3, the payoff matrix of the MCDM model is presented. The results were
obtained by solving the linear programming model for each one of the three objectives
gross margin (GM max), fertilizers use (FER min), and total labor (TL min). The last column
(actual 2018) shows the results of the existent crop plan in 2018. This matrix is used for
the calculation of the weights of the farmers preferences with the use of the equations
described in the Methodology section.

Table 3. Pay-off matrix of the MCDM model.

Val Optimum Actual
ates GM FER TL 2018
GM (€) 46,214 42,428 42,659 44,934
FER (kg) 39,757 38,693 40,121 40,458
TL (hours) 12,630 11,798 11,671 12,572
The set of the weights for the actual 2018 situation is:

w1 = 0.64

wy =0.00

w3 =0.36

The final utility function will be:
UF =0.64 GM — 0.00 FER — 0.36 TL (6)

The utility function shows that the most important criterion for farmers is the maxi-
mization of gross margin, and the second is the minimization of total labor.

The utility function, which was calculated before Equation (6), is then used as an objective
function for the MCDM model. The optimum crop plan as percentage of the average farm
area (100 ha) and the model values that were obtained are presented in Table 4.

Table 4. Optimum crop plan and MCDM model values for the year 2018.

Objectives Actual MCDM Devjation
2018 2018 Yo
GM (€) 44,934 46,026 243
FER (kg) 40,458 39,729 —1.80
TL (hours) 12,572 12,571 —0.01
Crops Variables A;:a A(;::a Devciyztion
Rice X1 5.45 5.20 —4.6
Hard Wheat Xp 22.83 20.02 —-12.3
Sunflower X3 5.26 4.70 —-10.7
Soft Wheat Xq 10.15 11.70 15.3

Maize X5 6.64 6.00 —-9.7
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SA

Alfalfa
Cotton
Barley
Maize

Soft Wheat
Sunflower
Hard Wheat

Rice

Table 4. Cont.

Objectives Actual MCDM Devjation
2018 2018 Yo
Barley X6 7.10 7.70 7.7
Cotton Xy 17.13 16.57 -33
Alfalfa Xg 9.87 11.70 18.6
Set Aside X9 15.57 16.40 5.4
Total 100.0 100.0

The results show that the model managed to achieve all the three objectives that were
set. The model achieved an increase of 2.43% for the gross margin while it achieved a
decrease of —1.81% in fertilizers use and —0.01% in total labor.

The optimum crop plan includes all the crops that were present in the existent crop
plan. All the cultivations and set aside present changes in the optimum crop plan. Alfalfa
has the highest change by 18.6%, while hard wheat has the highest decrease by —12.3%.
Soft wheat, barley, and set aside change by 15.3%, 7.7%, and 5.4%, respectively. On the
other hand, all the other crops are proposed to decrease (sunflower by —10.7%, maize by
—9.7%, rice by —4.6%, and cotton by —3.3%). Figure 3 shows the changes in the optimum
crop plan in comparison with the existent situation in 2018.

B Optimum

M Actual

22.83

0.00

5.00 10.00 15.00 20.00 25.00
%

Figure 3. Actual crop plan vs. optimum crop plan (%).

3.2. Scenario Analysis Results

The scenario analysis included three different scenarios, as mentioned in the Method-
ology section. The scenarios are the baseline 2018 scenario, scenario I 2025, and scenario II
2030. The model solved for each scenario and three new optimum crop plans were resulted.
The crop plans represent the distribution of crops in the average farm (100 ha) of the region.
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Actual crop plan (2018) versus optimum crop plans for baseline (2018) scenario, scenario I
(2025), and scenario II (2030) are presented in Table 5.

Table 5. Actual crop plan vs. optimum crop plans for baseline (2018) scenario, scenario I (2025), and scenario II (2030) (%).

Crops Ac:/ual (2018) Basoeline (2018) Deviation Scenfrio I Dev(i)ation Scenirio il Dev(i)ation
6 of ha % of ha % (2025) % of ha Yo (2030) % of ha %o
Rice 5.45 5.20 —4.57 5.20 —4.57 4.50 —17.42
Hard Wheat 22.83 20.02 —12.31 19.79 -13.32 19.79 —13.32
Sunflower 5.26 4.70 —-10.71 8.49 61.30 12.09 129.69
Soft Wheat 10.15 11.70 15.28 11.70 15.28 11.70 15.28
Maize 6.64 6.00 —9.67 6.00 —-9.67 5.50 —17.20
Barley 7.10 7.70 8.45 7.70 8.45 7.70 8.45
Cotton 17.13 16.57 —3.28 15.40 —10.11 14.00 —18.28
Alfalfa 9.87 11.70 18.57 9.31 —5.65 8.31 —15.78
Set Aside 15.57 16.40 5.36 16.40 5.36 16.40 5.36
Total 100 100 100 100

The baseline scenario crop plan was analyzed in the previous section. The scenario I
2025 crop plan has two main differences from the baseline 2018 crop plan. With regard to
the nonirrigated crops, the only change is the decrease of the hard wheat from 20.02% to
19.79%, as all the other nonirrigated crops (soft wheat, barley) remain stable in all scenarios.
In the irrigated crops, there are several changes. Cotton and alfalfa decrease from 17.13% to
15.40% and from 9.87% to 9.31%, respectively. On the other hand, the sunflower increases
to 8.49% and maize remains stable. These changes are expected due to the reduction of the
fertilizers and water use. The new crop plan has an increase in a crop that does not have
high water and fertilizers needs, and similar reduction in cultivations (alfalfa and cotton)
that are water- and fertilizers-intensive. The same changes continue into scenario 1I 2030
due to the same reasons. All the nonirrigated crops have the same changes as scenario 1.
This means that the changes in nonirrigated crops are stabilized and are not affected by the
new climate change parameters. On the contrary, irrigated crops with high water needs
continue to decrease in scenario II. Cotton, from —10.11% deviation in scenario I, decreases
in scenario II to —18.28%. Alfalfa, from —5.65% deviation in scenario I, in scenario II
presents —15.78% deviation, and finally maize, which was stable in scenario I from the
baseline scenario, decreases in scenario II to —17.20%. The sunflower, which is a crop
with low water and fertilizers needs, increases to 12.09% from 5.26%, a 129.69% deviation.
We can summarize that the reduction in fertilizers and water use due to climate change
implies low water and low fertilizer consumption for crops, and as fertilizers and water
use decreases, irrigated crops are replaced by nonirrigated crops or less-irrigated crops.

The new suggested crop plans for the three scenarios have an impact on the selected
economic and social indicators (Table 6). The baseline scenario with no change to parame-
ters returned better economic results from the actual 2018 situation. The farm income, as
family farm income, increases to 2.72%, and as gross added value, increases to 2.23%. An
increase also represents the gross revenue by 0.31% and the gross margin by 2.43%. The
impact of the climate change as a response to the new crop plan and to the reduction of
the water and fertilizers use has the opposite results to the selected economic indicators.
In scenario I, a decrease is observed in farm income (—4.96%) as family farm income and
—4.08% as gross added value, and —4.43% in gross margin. A higher decrease is observed
in gross revenues (—5.09%) and in variable cost (—5.48%).

The negative impacts of climate change in the economic indicators are obvious in
scenario II. The farm income has reduction both as family farm income (—10.65%) and
as gross added value (—8.74%). In addition, gross revenue has a decrease by —10.49%,
variable cost by —11.07, and gross margin by —9.50%. The negative economic impacts due
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to climate change in the region of Central Macedonia seem to be at low levels (Figure 4). This
is due to the existent crop plan of the region which has alternative crops that can replace
the water- and fertilizer-intensive crops.

Table 6. Socioeconomic indicators vs. scenario analysis.

Indicators 1(\;(;;1;)1 Baseline 2018 % Sc&%azg;) I % Sci;;;(l)(; u %
Farm Income 22,467 23,078 2.72% 21,352 —4.96% 20,075 ~10.65%
(Family Farm Income) (€)
Farm Income o o -~ o
(Gross Added Value) (€) 19,444 19,878 2.23% 18,651 —4.08% 17,744 8.74%
Gross Revenue (€/ha) 1221 1225 0.31% 1159 —5.09% 1093 —10.49%
Variable Cost (€/ha) 772 765 —0.92% 730 —5.48% 687 —11.07%
Gross Margin (€/ha) 449 460 2.43% 429 —4.43% 407 —9.50%
Labor Use (h/ha) 126 126 —0.01% 119 —5.56% 111 —11.71%
Annual Work Unit (AWU) 1.97 1.97 —0.01% 1.87 —4.90% 1.77 —10.31%
4.00%
2.729
@ 2.43%
2.00%
0.00%
-0.92%
-2.00%
-4.00%
4.08% 4.43%
B Farm Income (Family Farm Income) (€) ~ie -5.09%
-6.00% -5.48%
B Farm Income (Gross Added Value) (€)
_ 0
8.00% m Gross Revenue (€/ha)
M Variable Cost (€/ha)
-10.00%
uG Margin (€
ross Margin (€/ha) 10,499
-11.07%
-12.00%

Figure 4. Economic indicators change.

The results of the social indicators are presented in Figure 5 With regard to the labor
use, it presents a very low decrease in baseline 2018 (—0.01%) and a higher decrease both in
scenario I (—5.56%) and in scenario II (—11.71%). The annual work unit indicator presents
the same trends as labor use, as it is dependent on it. It has a small decrease in baseline
2018 scenario (—0.01%) and a higher decrease in scenario I (—4.90%) and in scenario II
(—10.31%).

The climate change impact, as expressed with a fertilizer use and water use reduction,
brings about a severe reduction in farm labor inputs both in the short term and in the long
term by reducing water and fertilizers use through changes in crop plans. In the proposed
crop plans, the fertilizer-intensive or water-intensive crops are substituted with low-input
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crops and agricultural practices. This implies that nonirrigated crops and more mechanized
crops will replace water-intensive crops, which will result in a continuous reduction of
labor use.

0.00%
-0.01% MCDA 2018001% > N’
-2.00%
-4.00%
-4.90%
6.00% -5.56%
-8.00%
Labour Use (h/ha)
-10.00% Annual Work Unit
A -10.31%
P -11.71%
-14.00%

Figure 5. Social indicators change.

Other studies in the region of Central Macedonia present similar trends in the cul-
tivated area changes and in the economic and social impacts of climate change. Geor-
gopoulou et al. [50], in their study, estimated that there will be losses in the agricultural
income between 2021-2050 because of climate change. In addition, as in our study, they
argue that the water-intensive crops such as cotton and alfalfa are the principal reasons
for “climate-winners” and for the limitation of the negative economic impacts. Another
study of Giannakopoulos et al. [51] found that climate change will affect the length of the
growing season and the number of frosty nights and days, especially in North Greece.
These effects will impact the crop plans in the area, especially the sensitive crops such as
fruit trees. These are similar results to our study, where cherry and peach trees agricultural
areas are reduced in scenario I and scenario II.

4. Conclusions

In this paper, an attempt was made to assess the socioeconomic impacts of climate
change in rural areas of Greece. For this reason, a multicriteria decision-making model
was used in combination with a scenario analysis. We considered three objectives as the
main goals of farmers’ behavior: the maximization of gross margin, the minimization
of fertilizers use, and the minimization of labor use. The scenario analysis included
three scenarios derived from the study of representative concentration pathways (RCPs),
the shared socioeconomic pathways, and data from the European Environment Agency
for Greece. For that impact assessment, seven indicators, five economic and two social
indicators, were measured.

With regard to the objectives, the results highlighted the maximization of gross margin
as the main objective of farmers, and as a second objective, the minimization of labor. This
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was an expected result as the main crop plan of the region included intensive crops with
high gross margin values and labor use, such as peach, cherry, and olive trees. The results
also showed that climate change will have negative effects for the economic indicators
as a response to the predicted reduction of fertilizers and water use. This reduction will
modify the crop plans of farmers. The farmers will adopt crops that are less water- and
fertilizers-intensive, and they will increase the cultivation of nonirrigated crops. Over the
years, and with the continuing impact of climate change, the reduction of fertilizers use
and water use will continue. In scenario II (2030), the negative economic impact of climate
change increases.

With regard to the social impacts of climate change, the results showed that the labor
use and annual work units will decrease as the nonirrigated crops are more mechanized
crops and are less labor-intensive. The reduction will continue over the years, as described
in the case of economic indicators. In Greek rural areas, where the relevance of agriculture
in terms of employment is very important, the reduction of labor use may cause social
problems. There are also many seasonal workers, especially immigrants, that will face low
incomes and decreases in their working hours in the near future.

Focusing on the aims of this research, climate change is expected to have negative
impact on social and economic indicators of rural areas. Therefore, policymakers should
consider in their future policies the possible modifications in the crop plans of these areas
due to climate change impacts. Agricultural policies should include measures for the
improvement of agricultural practices and the adoption of new technologies considering
the particular characteristic of the region.

In conclusion, the agricultural land-use change due to the climate change will reshape
the agricultural potentials of the region of Central Macedonia. The farmers will adopt
crops that are resistant to the new conditions and to the water and nitrates reduction. These
crops will mainly replace the intensive tree cultivations that require labor, capital, and
nitrates use. The final impact of these changes will be the reduction of farm income and the
reduction of working hours, with negative economic and social impacts in the rural areas.

This research can be easily extended with a set of other social and economic indicators
and with a set of environmental ones. Climate change impacts with multicriteria decision
models in combination with scenario analysis constitutes an interesting and important
horizon for future research. In addition, the adoption of the proposed shared socioeconomic
pathways will also extend this research.
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