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KEYNOTE SPEAKERS

Climate Change and the presence of microorganisms in drinking
water

Prof Ana Pérez Gimeno

Department of Agrochemistry and Environment (GEA-UMH). University Miguel
Hernandez- Avda. de la Universidad. 03202 Elche (Alicante). Spain.

Email: aperez@umbh.es

Abstract

Having access to clean and safe drinking water is essential for maintaining health and
well-being. The United Nations has recognized access to clean water and sanitation as
a basic human right by including it in the Sustainable Development Goals, aiming to
ensure universal and fair access to safe and affordable drinking water for all by 2030.
Microbial contamination of water sources can be favoured by the effects of climate
change, not only because of the warmer temperatures that promote the growth,
resilience and spread of the microorganisms, but for the surface runoff due to floods
and storms, or concentration of nutrients due to droughts. Numerous disease
outbreaks linked to drinking water have been attributed to various pathogenic
microorganisms. The ways they spread and where they infect water source and some
of the symptoms have been briefly described. The European Union has established
regulations to guarantee the safety and quality of drinking water with the Drinking
Water Directive, and also submit the information related to waterborne diseases and
outbreaks to the European Centre for Disease Prevention and Control. Identifying the
pathogen and determining the origin of the contamination is essential to face the
solution of the outbreak.

Keywords: climate change, microorganism, drinking water, waterborne disease.
1. INTRODUCTION

Having access to clean and safe drinking water is essential for maintaining health and
well-being. The United Nations has recognized access to clean water and sanitation as
a basic human right by including it in the Sustainable Development Goals, aiming to
ensure universal and fair access to safe and affordable drinking water for all by 20302,
Microbiological safety of drinking water is fundamental to guarantee its quality.
Bacteria, viruses, protozoa and endotoxins are the most common microbiological
contaminants in drinking water3-¢. Microbiological contaminants can appear anywhere
in the drinking water supply, even in developed counties with strict regulations and
monitoring. Elevated levels of microbiological contamination may result in an increase
in waterborne illnesses.
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Despite improvements in recent decades, access to good quality drinking water
remains a critical issue’. It is important to know the risk of microbial contamination in
the source water of drinking water for preventing it and try to mitigate its potential
impact on the population®. Microbial contamination in surface water sources can be
intensified due to climate change and extreme weather events®!2. Climate change is a
pressing issue that have significant impacts in our planet and affects every region
worldwide, having a deep impact on microorganisms, affecting their distribution,
behaviour, and interactions with the environment. Moreover, microorganisms occupy
large areas of the Earth due to their ability to adapt even to very extreme
environmental conditions'3. The National Oceanic and Atmospheric Administration
(NOAA) shows as global temperatures have increased significantly, leading to more
frequent and intense heatwaves. Earth’s temperature has risen by an average of 0.06°C
per decade since 1850 and this rate has become 0.20°C since 1982. Average global
temperatures have risen by more than 1°C since de 1850s and 2023 was the warmest
year since global records began. For example, the average global surface temperature
has been increased as figure 1 shown.

Difference from 1901-2000 average (°C)

@

1880 1500 1920 1540 1960 1980 2000 2020

Year

Figure 1 Global average surface temperature. NOAA’s National Centres for Environmental Information’™

Higher temperatures are associated with more frequent and extreme weather events,
heat waves, changes in precipitation patterns, floods and droughts, that can lead to
critical problems regarding the accessibility of quality water resources, among other
impacts. Assessing health risks from climate change is one of the priority research
areas of the World Health Organization (WHO)?.

2. MICROBIOLOGICAL RISKS IN WATER SOURCES DUE TO EXTREME WEATHER EVENTS

The increase in temperature lead to warm conditions, between 30 to 50°C, that can
promote the growth of pathogen microorganisms in aquatic environments, so they
proliferate faster, that is the case, for instance, of Escherichia coli or Legionella.
Because of that, the risk of contamination is growing exponentially.

Periods of increasingly frequent flood and storms can contaminate drinking water
sources with human and animal waste, introducing pathogens into water supply
systems. Figure 2 shows how the surface runoff produced by extreme precipitation is
the main exogenous pollution in water sources?’. In addition, humidity can also favour
the proliferation of certain bacteria.
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Figure 2 Impacts of extreme precipitation on quality and microbiological risk of water sources’

It is a fact that many disease outbreaks resulting from drinking water pathogens occur
after periods of flooding'®'°. On the other hand, droughts can lead to the
concentration of nutrients and pathogens in water as the volume decreases. These
nutrients can fuel the growth of microorganisms, leading to blooms of harmful algae
(Abs) that can produce toxins, and bacteria?°. Moreover, an insufficient supply of water
may lead to lower hygienic standards??, especially in developing countries.

3. MAIN MICROORGANISMS IN DRINKING WATER ANS DISEASES THEY LEAD TO

The pathogens that may be transmitted through contaminated drinking water are
diverse in characteristics, behaviour and resistance. Although consumption of
contaminated drinking water represents the greatest risks, other routes of
transmission can also lead to disease. Certain serious illnesses result from inhalation
of water droplets (aerosols) in which the causative organisms have multiplied because
of warm waters and the presence of nutrients, induced by the effects of climate
change. Some parasites are transmitted when the larval stage penetrates the skin
causing diseases that can lead to severe gastrointestinal illness6. In addition, contact
with toxins from cyanobacteria, algae and some bacteria can be harmful to humans
when they drink contaminated water. These pathogens can cause injuries and
symptoms similar to allergies and severe liver and kidney damage, neurological
disorders and cancer??24,

Waterborne pathogens, such as Legionella, may grow in water, whereas others host
dependent, such as Cryptosporidium cannot, but are able to persist although gradually
lose viability and the ability to infect?®. In addition, persistence of microorganisms is
affected by several factors, of which temperature is the most important, and may be
mediated by the lethal effects of ultraviolet (UV) radiation in sunlight acting near the
water surface6. Between the contaminants that can be found in drinking water,
pathogenic microorganisms from human and animal feces pose the greatest danger to
public health. Escherichia coli is the most widely used indicator of fecal contamination
in drinking water supplies?®, although selection reference pathogens can be subjected
to differences of criteria.
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Table 1 details some of the most common microorganisms found in drinking water,
their origins and their effects on human health.

Table 1. Most common microorganisms associated with drinking water

. . Route of .
Microorganism Source Diseases
exposure
Escherichia coli Gastroenteritis, hemolytic uremic
Fecal contamination from . X .
(0157, Shiga . Ingestion syndrome, urinary tract infections,
. humans or animals L .
toxin) meningitis, septicemia

Diarrhea, abdominal cramps,
Fecal contamination from

Salmonella . Ingestion fever, nausea, vomiting and
infected humans or animals
severe dehydration

Fecal contamination from Cholera (diarrhea, leg cramps,

Vibrio cholerae . Ingestion . .
infected humans or animals gestl vomiting, dehydration)

Member of natural flora of

Legionella many freshwater Inhalation Pneumonic illness (Legionnaires'
pneumophila enviranments. Survive in aerosol disease, Pontiac fever)
biofilms

Diarrhea, abdominal pain, fever,
Wild and domestic animal are . vomiting. Reactive arthritis,
. Ingestion Lo s .
reservoirs meningitis and Guillain-Barré
syndrome.

Campylobacter

Animals and humans excrete .
Giardia . Ingestion Diarrhea, abdominal cramps
cysts into the environment

Animals and humans excrete . Self-limiting diarrhoea, nausea,
Crytosporidium . Ingestion
oocysts into the environment vomiting
Ingestion .
. Fecal contamination from 8 Hepatitis A (severe damage to
Hepatitis A . Person- .
infected humans liver cells)
person

4. WATERBORNE DISEASES IN EUROPE LINKED TO DRINKING WATER

The European Union (EU) has established regulations to ensure the quality and safety
of drinking water. The recast of the Drinking Water Directive (DWD) was adopted in
December 2020 and entered into force in January 2021. The Member States have to
transpose the Directive into national law and comply with its provision by 12 January
2023, and report all the information required in the DWD to the European Centre for
Disease Prevention and Control (ECDC)?’.

The ECDC supplies current data on outbreaks, that are regularly reported, highlighting
the significant need of proper hygiene control in drinking water distribution systems.
One of the last reported outbreak associated to drinking water supply systems, has
been a Legionnaires’ disease in Italy (Lombardy Region) with 49 confirmed cases,
including three deaths?®. Figure 3 displays the incidence of Legionnaires’ disease in
Europe since 2005, with Slovenia, Italy, Netherlands and Spain being the most affected
countries?®.
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Figure 3 Prevalence Legionnaires’ disease in Europe?®

Another instance is campylobacteriosis, which is the most commonly reported
gastrointestinal disease in the UE / European Environment Agency (EEA), with a
notification rate of 49.36/100000 in 202330,

5. CONCLUSIONS

Microbial contamination of drinking water is one of the most significant threats in both
developed and developing countries. Climate change, is responsible of the extreme
weather events, that lead to the pollution of water sources. At the same time, the
increment of temperatures induces conditions that can promote the growth,
resilience, and spread of these microorganisms. There is evidence that, if there are not
adequate disinfection protocols, contaminated water sources can lead to outbreaks
that must be effectively managed by healthy authorities. Identifying the pathogen and
determining the origin of the contamination is essential to face the resolution of the
outbreak.

The regulations in Europe are aimed to control the drinking water supplies as well as
all the factors that may influence the quality of the drinking water, and stablish the
protocols to face possible health problems.
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Floods: Urban Flash Floods & Early Warning Systems

Maria D. Xenodochou
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Abstract

This work was prepared within the framework of the course NAO3
Hydrometeorological Disasters and Climate Change, during the Postgraduate Studies
Program "Environmental, Disaster and Crisis Management Strategies", of the National
and Kapodistrian University of Athens (2022-2024). Initially, a conceptual clarification
of the term floods is made and the categories of floods are briefly mentioned, based
on their characteristics and the mechanism of their creation. The following is a
presentation of the characteristics of flash floods in urban areas, listing the causes that
cause them (natural and man-made), as well as their primary and secondary impacts,
on society as a whole. Special reference is also made to the Early warning Systems
(Early Warning Systems, Radars) of the population in Greece and Europe, for the
possibility of flash floods in urban areas. Finally, the necessity of educating citizens in
the management of flood crises is emphasized.

Keywords: climate change, urban flash floods, vulnerability, human intervention, early
warning systems.

1.1. Introduction — floods.

Extreme weather-climatic phenomena are associated with natural disasters. For
example, the increase in the Earth's average temperature, due to climate crisis, causes
more heat waves, even more and more intense rainfall, with the consequent floods
(Nastos, 2022). Floods are natural phenomena that occur when the capacity of the
drainage system cannot channel the volume of water produced by the rainfall. Flood
risk is defined as the combination of the probability of a flood occurring and the

OpenEARTH 2024 Conference Proceedings


https://atlas.ecdc.europa.eu/public/index.aspx?Dataset=27&HealthTopic=30
https://atlas.ecdc.europa.eu/public/index.aspx?Dataset=27&HealthTopic=30
mailto:marsaxen@hotmail.com

potential negative consequences for human health, environment, cultural heritage
and economic activities, associated with this flood (Diakakis, 2018).

Depending on their creation mechanism and their characteristics, floods are
distinguished into the following categories:

1. River or fluvial floods (Diakakis, 2018)
2. Urban floods

3. Flash floods

4. Coastal floods

5. Dam-failure floods

6. Rain or snow floods

7. Groundwater floods

8. Ice-jam floods

9. Glacial floods (Diakakis, 2018)

1.2. Characteristics of urban flash floods.

Urban flash floods are the most destructive types of flood events. They are difficult to
predict due to the short time of occurrence in relation to the start of rain, as well as
very difficult to deal with (Maris & Nakas, 2018). This type of flood is very common in
Greece and the wider Mediterranean area, because it is favored by the
geomorphology, geology and climatic parameters. (Diakakis, 2018)

Figure 1 Athen’s flood 2013. (Diakakis, 2018)

Urban flash floods are often associated with violent storms of short duration that fall
on a small area. They are caused by short rains with a large volume of water (Diakakis,
2018). They occur where there are steep slopes, in mountainous areas that are subject
to frequent, severe storms and in areas where the soil is very dry for a long period of
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time. The greater the slope of the area, the faster the water flows (Maris & Nakas,
2018). The soil drainage system overflows due to intense water concentration. At the
same time, the speed of the water is so great that it enhances its transport and the
destructive phenomena.

1.3. Natural and anthropogenic causes of flash floods.

Many natural and anthropogenic factors are responsible for the occurrence of a flash
flood. A flash flood is the result of atmospheric disturbances associated with rapid
rainfall and large amounts of rain in a short period of time (Maris & Nakas, 2018). The
intensity of the rainfall, its duration, the topography of the ground, soil conditions,
plant cover, forest destruction and urbanization play a decisive role. Also we should
not ignore human intervention. In recent decades, floods occurring at the borders of
residential areas are due to the restriction of stream beds, the blockage of river beds,
the reduction of forest areas due to fires and the reduction of infiltration within the
urban environment. Urbanization plays a decisive role in the increase of flooding
phenomena, because it increases surface runoff more than it would be in natural
terrain (Diakakis, 2018). Asphalt is impermeable and does not allow rainwater to
penetrate the subsoil, while at the same time it increases the amount of water that
runs off. Forest fires, intensive settlement of peri-urban areas and excessive logging
destroy flora and soils, resulting in their inability to retain rainwater. (Diakakis, 2018)

Another reason is the fragmented construction of flood protection projects that are
not compatible with the natural and man-made environment and the evolving climatic
conditions. (Tasoulas, 2020)

1.4. Impacts of urban flash floods.

Flash floods usually have both devastating direct and indirect impacts. Flooding
phenomena are intertwined with the degree of vulnerability of a society. Vulnerability
has to do with how resilient a society is to biophysical conditions, its exposure to
danger or disaster and the way it responds when a flood occurs. The degree of
adaptability of society to these changing conditions plays a major role. (Tasoulas, 2020)
Direct or primary impacts are caused by the flood event itself. They are classified
hierarchically, depending on their severity, into: deaths, injuries, entrapment of
citizens in flooded areas (indoor or outdoor), damage to buildings, household goods
and cars, damage to the road network and to the transport and communication
systems, which are caused by the increased speed of the waters and the sediments
they carry. (Rallatou, 2019)

Loss of Human life Financial Losses
Environmental Effects on
Impacts Cultural Heritage

Figure 4 Categories of economic damage that can be caused by floods(Tasoulas, 2020)
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Also, floods of this type cause damage to agricultural areas and crops, erosion of the
soil surface, landslides, subsidence and transport of debris, garbage and toxic
substances. (Rallatou, 2019)

Indirect or secondary impacts occur as the flood phenomenon weakens. Often,
affected residents are forced to abandon their homes their properties and to move
away from them either temporarily or permanently (Rallatou, 2019). Sometimes in
flooded areas, fires ,water-network or electricity-network problems occur, as well as
serious damage to the sewage system. Ecosystems are severely disrupted.

Due to depositing significant quantities of sediment, flood phenomena create
problems in the smooth development of the affected areas. In some cases, they lead
to extensive pollution/contamination phenomena, as they facilitate the circulation of
sewage, heavy metals and other contaminants through flood waters. (Danilakis, 2020)

In addition, there is an increased risk of infectious-transmissible diseases (e.g.
gastroenteritis) in the population affected by the disaster. A flood disrupts all
administrative, economic, cultural, etc. functions (e.g. services, schools, hospitals,
shops). However, mainly it strains the mental resilience of those affected, as it causes
feelings of fear, loss, panic, insecurity and sadness. (Danilakis, 2020)

1.5. Early Warning Systems (Early Warning Systems, Radars) for urban flash floods.

In the case of urban flash floods, there are valuable tools that can work quite
effectively in terms of warning the population. These are the Early Warning Systems
for urban flash floods (EWS or Early Warning Systems, Radars). The main
characteristics of such an integrated system are:

Operational Monitoring and Early Warning Center

Scenarios of Water Level

Level Gauges |water levels and

Second waming 2

streams
Meteorological | Hydrologicsl Hydraulic Coverage areas
Models models models

Figure 3 Illustration of an indicative Early Warning System (EWS) (Karamoustou, 2018)

1. Good knowledge of the upcoming or potential risk that must be addressed (in this
case, the risk is flash floods), 2. the investigation and identification of the vulnerable
points of the area (e.g. public buildings, houses, parks, etc.) that are at risk and the
possible impacts on them (Nastos & Matsangouras, 2013), 3. the study of all
hypothetical scenarios in relation to flood risk, 4. the monitoring, analysis and early
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forecasting of the risk, e.g. measuring rainfall in high-risk areas, monitoring stream
levels, monitoring meteorological data through the use of reliable scientific methods
and technologies, (Nastos & Matsangouras, 2013), 5. the ability and flexibility of local
bodies to react correctly, with the primary objective of not losing human lives and
property or at least minimizing damage, 6. readiness at the regional (and city) level for
the correct response after the end of the event through planning programs, 7, the
communication and correct dissemination of information to the population of the
affected region through all available technology (e.g. via radio, television,
telephone,messages on mobile phones, loudspeakers) is very important. (Nastos &
Matsangouras, 2013)

Hydro-meteorological monitoring networks can consist of satellite sensors, radars and
various types of meters, which collect data on temperature, rainfall, water flow and
other information used by forecasting models. All of these are vital for a
comprehensive Early Warning System. The measurements must be accurate, reliable
and timely for the system to be successful. (Karamoustou, 2018)
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Figure3 Map Countries participating in EFAS (EFAS Partner Network-40 countries, 75 EFAS
partners).Responsible Services of the EFAS Dissemination Centre for the transmission of notifications to
countries, by river basin/administrative region, according to the color code of the map: Pink: Rijkswaterstaat
(Water Management Institute), Netherlands. Blue: Hydro-Meteorological Institute /HMI, Slovakia (Greece is
“served” by HMI). Yellow: Meteorological and Hydrological Institute, Sweden. (Karatarakis & Papapetrou,
2020)

Successful Early Warning Systems are already used in Europe. EFAS (European Flood
Awareness System) has been established at a central level (Karatarakis & Papapetrou,
2020). The purpose of EFAS is to prepare and support protective measures - before the
occurrence of imminent floods - especially for large transboundary river basins in
Europe. It is the first operational European flood monitoring and forecasting system
(Karatarakis & Papapetrou, 2020). It was developed within the framework of the
European Commission in collaboration with Research Institutes / Joint Research
Center (JRC) and European Hydrological & Meteorological Services in the decade 2000-
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2010. EFAS provides important scientific data to the various meteorological services
up to ten days before the occurrence of dangerous situations. (Danilakis, 2020)

In Greece, the operational bodies involved (project "Xenokrates") for flood risk
warnings are: the National Meteorological Service, the General Secretariat for Civil
Protection (GSCP), the Regions and the Municipalities of the Country. In recent years,
a significant effort has been made to develop a plan to deal with urban flash floods by
the General Directorate of Flood Management (GDFML). (Karatarakis & Papapetrou,
2020).

Epilogue

Due to climate change, advancing towards an increasingly warmer climate,extreme
hydro-meteorological phenomena together with the accompanying phenomena (such
as landslides and flash floods) will appear with increased frequency and intensity both
in Greece and in the rest of the world.

The protection and restoration of natural ecosystems can shield countries against the
devastating impacts of floods (lbrahim, 2020). It is necessary to take care of the
resilience of water-related infrastructure, with respect for the natural environment
and the free access of rainwater from the catchment area to the sea.

The State must responsibly carry out appropriate technical anti-flood projects and
rational urban planning to prevent flooding phenomena (Danilakis, 2020). In case of
danger, early warning systems can protect human life. Undeniably, the proper
education of citizens to deal with and manage flood crises will constitute a strong line
of defense in future possible events.
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Abstract

Proper management of irrigation water is a must under drought conditions. The
Intelligent Irrigation Water Management (IWAM) combines irrigation advisory
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software with smart control electrovalves, taking into account weather forecast and
soil moisture. It is applied at different horticultural crops (olive, citrus, avocado, kiwi,
groundnuts) at different regions in Greece (Chania, Messenia, Agrinio) under the
project M162YN2-00167 AGROWATER for 3 years. The information about the irrigation
(when and how much to apply) is given to the smart electrovalve and/or to the farmers
by SMS or by a special application for smart mobile phones with the ability of feedback.
Each orchard is divided in two almost equal parts, one is irrigated empirically and the
other according IWAM advices, while the evaluation is done in terms of crop yield,
product quality and water conservation. The amount of irrigation water applied in the
2023 campaign was less (10-25%) in IWAM sites in all crops except olives than the
empirical ones. Fruit yield per hectare was higher or equal under IWAM irrigation,
while Irrigation water use efficiency (kg/mm) was greater in all crops under IWAM
irrigation. The fruit quality was not affected or was higher in IWAM irrigation. Taking
into account the up today results of applied water, soil moisture, yield, fruit quality
and water use efficiency for harvested yield the IWAM irrigation has significant
irrigation water saving compared to empirical irrigation in all crops under study.

Introduction

Today, irrigation is a key element of agriculture to meet food needs. However, as we
are rapidly approaching and/or have already exceeded the planet's fresh water
resources, a significant amount will be diverted from agriculture to meet the needs of
other sectors (drinking and industry). Furthermore, the efficiency of irrigation is very
low, since less than 65 % of the applied water is used by the crops. Farmers usually
irrigate empirically and tend to «play safe» increasing the irrigation water amount,
especially when it is associated with low price.

Taking into account the increasing demand for fresh water and climate change it is
necessary to use innovative technologies to increase the efficiency of irrigation water
-more per drop-, but also to utilize for irrigation the low quality waters (saline, treated
and drainage water). The last decades research have developed decision support tools
to help increase crop productivity and improve the efficiency of irrigation systems
(Malamos et. al., 2016; Gonzalez Perea et al., 2016). Forecasting severe weather events
is important for irrigation application and crop protection from extreme events
(Anadranistakis et al. 2004, Papagiannaki et al. 2014).

The use of precision irrigation technologies, such as IOT, soil moisture sensors and
remote sensing, GIS which allow farmers to tailor their water and nutrient applications
to the specific requirements of different parts of their fields in real time, optimizing
input use and crop yields (Bwambale et. al., 2022). The artificial intelligence (Al) and
machine learning (ML) algorithms can also play a significant role in improving water
efficiency (Torres-Sanchez et al., 2020; Umutoni& Samadi, 2024). By integrating
diverse data sets, from soil and weather conditions to crop characteristics, water
quality and availability, irrigation system and mulching etc, these algorithms can
provide farmers with sophisticated decision support tools. The decision (how much
water and when to apply) is communicated to farmer’s smart phone and/or directly to
smart electrovalves for irrigation.
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The aim of this study is to develop and evaluate an Intelligent Irrigation Water
Management (IWAM) system which combines irrigation advisory software, smart
valves and weather forecast and I0T measurements to guide irrigation at farm level.
The information about the irrigation (when and how much water) will be given to the
automatic electrovalve and/or to the farmers by SMS or by a special application for
smart mobile phones with the possibility of feedback.

MATERIALS AND METHODS

The irrigation software Zen-Irriware will be used to estimate water requirements and
time of application in real time for the crop. For the accurate calculation of irrigation
requirements it uses the available meteorological data of the area and weather
forecast, soil characteristics, crop characteristics, water availability and quality,
method of irrigation and mulching. Zen-Irriware software is supported by meteo
stations (M/S) and soil moisture sensors integrated into a wireless network which
provide data to a real-time decision support system (Fig. 1).

{
Ll

4

Figure 5 The layout of IVAM system

Daily crop evapotraspiration (ETc) of the crops is calculated by the formula ETc = Kc x
ETo (Allen et al., 1998), where ETo is Reference Evapotraspiration (Modified Penmann—
Monteith), Kc is the crop factor that varies according to the stage of growth. Irrigation
requirements are calculated as the difference between the crop evapotranspiration
and the effective rainfall (0.8 of the total), while the irrigation dose is determined
according to the soil type.If soil moisture sensors are used, the software can integrate
this information to reach the decision when to irrigate and how muchwater to apply.

In cases of limited water availability (dry years), crop water requirements are
calculated only for the critical growth stages (application of deficit irrigation). The data
are stored in a database and the system combines all the relative information in order
to calculate the optimal irrigation dose.

The IWAM system combines Zen Irriware with smart valves and weather forecast to
manage irrigation at farm level (Fig. 2).It informs the farmer via email or SMS and
creates corresponding messages in the user's account and/or give orders to a smart
electrovalves for fully automate irrigation. The IWAM system is implemented in three
agricultural cooperatives in different regions of Greece with different climatic
conditions. In agricultural cooperative of citrus and subtropical plants in Chania Crete
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at avocado, citrus and olive orchards, in agricultural cooperative of Kalamata, Messinia
at peanuts and in agricultural cooperative of Neapolis, Agrinio at kiwifruit. Each
orchard was divided in two almost equal parts and irrigation system was
modifiedaccordingly. One part was irrigate dempirically by the farmer and the
otheraccording the IWAM system. The information of Zen Irriware when and how
much water to apply is communicated to smart electrovalves, which controlled
irrigation monitoring pressure, discharge and water amount applied. In each part on
the orchard soil moisture sensors were installed to monitor soil moisture. For IWAM
system evaluation the number of irrigations, the total water amount applied, the soil
moisture, the average yield per plant and quality indices were used for empirical and
IWAM plots for all crops. The data presented are form the first year of system
implementation.

Figure 6 Smart electrovalves and M/S and datalogger of IWAM system
RESULTS AND DISCUSSION

The number of irrigations in olive, orange and kiwi were almost the same for empirical
and IWAM irrigations in 2023, while in avocado were much higher in empirical
irrigation and in groundnut the number of irrigations was higher in IWAM. The total
amount of water applied in 2023 irrigation season was less for IWAM irrigation in all
crops, except olives compared with empirical irrigation. Fruit yield per hectare was
higher or equal under IWAM irrigation in all crops except orange, cultivar WN, which
was higher under empirical irrigation. Water use efficiency for harvested yield (kg/m3)
was greater in IWAM irrigation in all crops except olive, which means significant
irrigation water saving without yield reduction (Tab. 1).
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Table 1. No of irrigations, water applied, yield and water use efficiency for harvested
yield under empirical and IWAM irrigation.

Parameter / Number of |Appliedwater| Yield/ha | W\UE
Crop irrigations (m*/ha) (kg) (kg/ m®)
Olives Empirical irrigation (El) 12 980 64449 6,53
Smart irrigation (PI) 12 1250 7857.1 6,28
Oranges | Empirical irrigation (El) 30 5270 55569.4 8,43
WN Smart irrigation (PI) 30 3750 521129 13,89
Avocado | Empirical irrigation (El) 47 4660 4175,4 8,96
Hass-Lab | Smart irrigation (Pl) 36 3920 4251,5 10,84
Ground- | Empirical irrigation (El) 22 7070 4808.2 0,68
nut Smart irrigation (PI) 26 6040 4819.5 0,79
Kiwifruit | Empirical irrigation (El) 32 7040 14260.0 2,02
Smart irrigation (P1) 33 5180 15090.2 2,91

Taking into account the water applied it is clear that IWAM had 29% water saving in
orange, 26% in kiwi, 16% in avocado and 15% in groundnut than empirical irrigation.
In olive, IWAM water applied was 27% higher than empirical irrigation due to
subirrigation, which resulted in 18% yield reduction compared to IWAM yield.

The irrigation treatment (El, PI) had no any significant effect on quality parameters
(mean fruit weight, peel thickness, soluble solids, acidity) of orange fruits.

Parameter / Fruit quality characteristics

Crop Mean fruit |Peel thickness | Soluble | Acidity
weight (gr) (mm) solids (brix) % c.a.

Orange | Empirical irrigation (El) 2225 4,42 13,27 1,33

WN Smart irrigation (PI) 2221 4,81 14,52 1,38

In avocado, the quality characteristics (mean fruit weight, dry matter, oil content) were
higher in smart irrigation (PI) than in empirical irrigation (El).

Parameter / Fruit quality characteristics
Crop Mean fruit |Dry matter | Fruit height [Oil content
weight (gr) (%) (mm) %
Avocado| Empirical irrigation (El) 236,31 18,99 10.15 7,64
Smart irrigation (PI) 258,55 21,08 10.60 9,31

In olive, average fruit weight and fruit moisture (%) were lower in empirical irrigation
than smart irrigation, while oil content (% f.w.) was higher than smart irrigation. Olive

oil acidity was not affected by irrigation treatment.

Parameter / Fruit quality characteristics
Crop 100 fruit | Moisture | Oil content | Acidity (%
weight (gr) (%) % 0.a.)
Qlive Empirical irrigation (El) 70,34 41,2 25.3 0.5
Smart irrigation (PI) 77,90 43,7 24.1 05

In kiwi, all quality parameters (mean fruit weight, sugars, firmness and soluble solids)

were not affected by the irrigation treatment (El, Pl).
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Parameter / Fruit qualit\‘/ characteristics
Crop Mean fruit | Sugars |Firmness(Kg| Soluble
weight (gr) | (Brix %) /em?) solids (% )
Kiwi Empirical irrigation (El) 125 6,3 3 7
Smart irrigation (PI) 123 6,2 a 8

In groundnut the marketable fruit size and dry fruit weight were slightly greater in
empirical irrigation than that in smart irrigation due to the higher amount of water
applied.

Parameter / Fruit quality characteristics
Crop Mean Mean non Mean dry
marketable marketable fruit | Marketable
fruit weight (gr) weight (gr) fruit w (gr)
Ground | Empirical irrigation (El) 2,9 0,55 2,0
nut Smart irrigation (PI) 2,5 0,65 1,8

The average soil moisture recorded in most crops was lower in IWAM Irrigation but the
crops are not stressed because the IWAM takes into consideration the field capacity
and wilting point and also to avoiding deep infiltration (the most of soils has coarse
texture).
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Figure 7 The variation of soil moisture in different crops at critical growth periods (Avocado, Oranges,
Groundnuts)

CONCLUSION

Taking into account the up today results of applied water, soil moisture, yield, fruit
quality and water use efficiency for harvested yield the IWAM irrigation has significant
irrigation water saving and improves irrigation efficiency compared to empirical
irrigation in all crops, except olives, in which contributed in rationalization of irrigation.
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Abstract

Nowadays, global water security faces serious threats. Water security involves
ensuring the availability of water, in both quality and quantity, in order to satisfy the
demand and includes managing water-related environmental disasters such as scarcity
and floods. At least 32 countries have identified issues with water security, and many
of these nations project that the problem will worsen due to the effects of climate
change. This review compiles the main response measures and suggests strategies
against climate change effects from 100 scientific articles. Articles were collected from
databases such as EBSCOHOST, Scopus, ResearchGate, and through direct searches in
journals focused on this topic, like Water and Sustainability, using keywords such as
“water security” “water security and climate change” “water scarcity”, “water risk
index”, “water balance”, “water assessment”, “water evaluation and planning” and
“land use and land cover change.” The recommendations identified were grouped into
main themes, highlighting those with the most convergence among different studies.
The most frequently mentioned response measures included creating storage
infrastructure, improving consumption efficiency in urban and productive sectors, and
sustainable urban planning. The most suggested strategies to address climate change
effects focused on planning based on temporal resource variations, developing
disaster containment infrastructure, strategic land-use planning, enhancing
groundwater use, and applying technologies to predict and monitor variations in
resource availability.

”n u

Keywords: water security, water scarcity, climate change
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1. INTRODUCTION

A major determinant of human life and socioeconomic advancement, water resources
are an essential strategic asset for sustainable development. Water resource security
is seriously threatened in many areas due to the limited supply, unequal distribution,
and declining environmental quality of water resources, which have become major
barriers to human sustainable development and societal advancement!. A growing
number of places are experiencing water security problems, including droughts, flood
disasters, and water environmental degradation, as a result of population
development, economic expansion, and climate change?. Given population expansion
and rising water demand over the past century, achieving water security—having
enough water to provide constant and reliable food, energy, health, and livelihoods—
is becoming more and more difficult3.

Water security encompasses the quantity, quality, and availability of water necessary
to meet human needs, support development, protect ecosystems, and manage
extreme water-related events such as floods*. It is influenced by both human and
natural factors, including land use, economic development, and management
strategies®. As a critical component of sustainable development, water security
directly affects human health, livelihoods, and the stability of social, economic, and
ecological systems®.

Some of the main ways in which water insecurity manifests are drought and/or water
scarcity, water pollution, and floods. Risks associated with water security vary
significantly depending on geographic context, even within the same watershed’. For
instance, in China's West River basin, the upper region faces a high risk of extreme
droughts, while the lower region is primarily threatened by floods caused by heavy
rainfall. These floods damage crops, agricultural infrastructure, and critical systems
such as roads, housing, and sanitation networks, exacerbating economic and food
security challenges in the area®. In contrast, in countries like Brazil, while the Jaguari
basin currently experiences a low risk of water scarcity, projections indicate a
significant increase in risk due to declining rainfall in the future®. Understanding the
impacts of climate change on water security is essential to address water-related
vulnerabilities® and effectively plan for future changes'®, especially in the face of the
increasing frequency and intensity of extreme weather events.

2. METHODOLOGY

This review identifies the issue of water security in 34 countries and the main response
measures and suggests strategies against climate change effects from 100 scientific
articles. Articles were collected from databases such as EBSCOHOST, Scopus,
ResearchGate, Elsevier, and through direct searches in journals focused on this topic,
like Water and Sustainability, using keywords such as “water security” “water security
and climate change” “water scarcity”, “water risk index”, “water balance”, “water

assessment”, “water evaluation and planning” and “land use and land cover change.”
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The distribution of studies across countries was uneven, influenced by the availability
of open-access scientific publications on the topic. China contributed the highest
number of articles to the review, with 24 publications, followed by Brazil with 8. The
articles received an initial classification to differentiate those that addressed the
effects of climate change. The water security issues identify in each country were
classified in water scarcity, flood and water quality. The recommendations identified
were grouped into main themes, highlighting those with the most convergence among
different studies, classified in response measures and strategies to address climate
change.

3. RESULTS
3.1. Water security and climate change

The global use of water resources has risen significantly due to rapid population
growth, industrial development, and agricultural expansion. Concurrently, climate
change variability poses a substantial challenge to water security by intensifying the
hydrological cycle!12, Projections of climate change scenarios indicate significant
alterations in precipitation and evapotranspiration patterns® across many regions
worldwide!®. These changes exacerbate variability in water availability®*> by increasing
the frequency and severity of droughts and periods of water surplus®'’.

Precipitation levels directly affect production, human livelihoods, and water service
performance. Excessive precipitation can lead to flood disasters, while insufficient
rainfall can result in water resource shortages®®. Increased rainfall intensity reduces
soil water retention, storage, water yield, and baseflow in upper watershed areas,
exacerbating water scarcity. Intensified rainfall patterns associated with climate
change heighten the vulnerability of water systems, compromising water availability
during dry seasons and increasing flood risks during wet seasons?.

Rising temperatures have also led to higher rates of evapotranspiration, further
affecting water availability’®. Climate change is expected to cause significant
reductions in runoff in regions such as Southern Europe, the Middle East, and Southern
Africa, presenting severe challenges for water security?®. As climate patterns become
increasingly unpredictable, water supply and quality are rendered more fragile?®.
Additionally, rising global temperatures accelerate glacier melting. While this initially
increases water availability in certain regions, the long-term effect is a reduction in
glacier mass, posing a severe threat to future water supply*?. This phenomenon also
heightens the risk of seasonal flooding, food security and water sustainability!’.

3.2. Water security: a review of 34 countries

The study reviewed 100 scientific articles from 34 countries. As illustrated in Figure 1,
the distribution of studies across countries was uneven, influenced by the availability
of open-access scientific publications on the topic. China contributed the highest
number of articles to the review, with 24 publications, followed by Brazil with 8. The
primary water security issue identified was water scarcity, reported in 28 of the 34

OpenEARTH 2024 Conference Proceedings



countries analyzed, either as an isolated problem or in conjunction with other
challenges. Flood and water quality issues followed as the second and third most
prevalent concerns, each affecting 10 countries. Afghanistan, Bangladesh, India, and
Mexico faced the most severe water security challenges, grappling with a combination
of flooding during intense rainy seasons, water scarcity during dry periods, and
widespread water quality issues, as summarized in Table 1.

Geographic distribution of reviewed articles
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Figure 8 Geographic distribution of reviewed articles.

Water problems Countries Countries (reference)
Bahamas (10), Brazil (22), Canada (23); Chile (24),
Colombia (25), Cuba (26), Ethiopia (27), Greece
Scarsity 19 (14), Iran (28), Iraq (?9}, Madagascar (30), .Morocco
(31), Nepal (32), Pakistan (33), (34), Palestine (35),
South Africa (36), Tanzania (37), Turkey (11), and
United Kingdom (38).
Floods 3 Burund (39), Hong Kong (40), Thailand (41).
Quality 0
Scarsity+Floods 2 China (42), Peru (43).
Scarsity+Quality 3 Ecuador (13), Poland (44), Spain (45).
Floods+Quality 3 Germany (4), Syria (46), Turkmenistan (47).
Scarsity+Floods+Quality 4 ﬂg:::??zagr;‘.(ls}’ Bangladesh (17), India (48),

Table 1 Water security issues identified in the 34 study countries.

3.3. Response measures to guarantee water security
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The most prioritized strategies to address climate change effects focused on
sustainable urban planning, improving consumption efficiency, strategic land-use
planning, applying technologies to predict availability and planning based on temporal
resource variations, suggested in 25, 23, 14, 8 and 6 articles respectively. While the
general prioritized adaptation measures focused on developing disaster containment
infrastructure, creating storage infrastructure and enhancing groundwater use,
suggested in 5 and 4 articles each one, as shown in figure 2.

Principle measures to guarantee water security
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Figure 2 Response measures identify to guarantee water security

4. CONCLUSIONS

There are significant variations in the effects of climate change on water security
across different geographical contexts, with the primary impacts including water
scarcity, flooding, and changes in the quality of surface and groundwater. While polar
ice melt increases water availability in some regions, water scarcity is affecting a
growing number of nations, underscoring a crisis in water resources that projections
suggest will continue to worsen. Some countries are particularly vulnerable, facing
heightened water security risks due to a combination of challenges, such as flooding
during intense rainy seasons, water scarcity during prolonged dry periods, and
widespread water quality degradation. This is evident in countries like Afghanistan,
Bangladesh, India, and Mexico. The principal adaptation strategies suggested to
address climate change challenges to water security were focused on sustainable
urban planning, improving consumption efficiency, strategic land-use planning,
applying technologies to predict availability and planning based on temporal resource
variations.

5. REFERENCES

[1] Zhou JR, Li XQ, Yu X, Zhao TC, Ruan WX. Exploring the ecological security evaluation of
water resources in the Yangtze River Basin under the background of ecological sustainable
development. Sci Rep. 5 de julio de 2024;14(1):15475.

OpenEARTH 2024 Conference Proceedings



[2] Li J, He W, Jiang E, Yuan L, Qu B, Degefu DM, et al. Evaluation and prediction of water
security levels in Northwest China based on the DPSIR model. Ecol Indic. junio de
2024;163:112045.

[3] Wolkeba FT, Mekonnen MM, Brauman KA, Kumar M. Indicator metrics and temporal
aggregations introduce ambiguities in water scarcity estimates. Sci Rep. 2 de julio de
2024;14(1):15182.

[4] Shukla S, Meshesha TW, Sen IS, Bol R, Bogena H, Wang J. Assessing Impacts of Land Use
and Land Cover (LULC) Change on Stream Flow and Runoff in Rur Basin, Germany.
Sustainability. 20 de junio de 2023;15(12):9811.

[5] Chunxia L, Ou D, Yigiu L. A Study on Spatial Variation of Water Security Risks for the
Zhangjiakou Region. J Resour Ecol [Internet]. 22 de enero de 2021.

[6] Gain AK, Giupponi C, Wada Y. Measuring global water security towards sustainable
development goals. Environ Res Lett. 1 de diciembre de 2016;11(12):124015.

[7] Da Silva Tavares P, Acosta R, Nobre P, Resende NC, Chou SC, De Arruda Lyra A. Water balance
components and climate extremes over Brazil under 1.5 °C and 2.0 °C of global warming
scenarios. Reg Environ Change. marzo de 2023;23(1):40.

[8] Wu Y, Yin X, Zhou G, Bruijnzeel LA, Dai A, Wang F, et al. Rising rainfall intensity induces
spatially divergent hydrological changes within a large river basin. Nat Commun. 27 de enero
de 2024;15(1):823.

[9] Sone IS, Araujo TF, Gesualdo GC, Ballarin AS, Carvalho GA, Oliveira PTS, et al. Water Security
in an Uncertain Future: Contrasting Realities from an Availability-Demand Perspective. Water
Resour Manag. junio de 2022;36(8):2571-87.

[10] Holding S, Allen DM. Risk to water security for small islands: an assessment framework
and application. Reg Environ Change. marzo de 2016;16(3):827-39.

[11] Yaykiran S, Cuceloglu G, Ekdal A. Estimation of Water Budget Components of the Sakarya
River Basin by Using the WEAP-PGM Model. Water. 4 de febrero de 2019;11(2):271.

[12] Tang Q, Liu X, Zhou Y, Wang P, Li Z, Hao Z, et al. Climate change and water security in the
northern slope of the Tianshan Mountains. Geogr Sustain. septiembre de 2022;3(3):246-57.

[13] Chengot R, Zylberman R, Momblanch A, Salazar OV, Hess T, Knox JW, et al. Evaluating the
impacts of agricultural development and climate change on the water-energy nexus in Santa
Elena (Ecuador). Environ Sci Policy. febrero de 2024;152:103656.

[14] Psomas A, Panagopoulos Y, Konsta D, Mimikou M. Designing Water Efficiency Measures in
a Catchment in Greece Using WEAP and SWAT Models. Procedia Eng. 2016;162:269-76.

[15] Saka F, Mohammady AJ. Future perspective of water budget in the event of three
scenarios in Afghanistan using the WEAP program. Eng Sci Technol Int J. enero de
2024;49:101602.

[16] Sediqgi MN, Komori D. Assessing Water Resource Sustainability in the Kabul River Basin: A
Standardized Runoff Index and Reliability, Resilience, and Vulnerability Framework Approach.
Sustainability. 27 de diciembre de 2023;16(1):246.

OpenEARTH 2024 Conference Proceedings



[17] Raihan F, Ondrasek G, Islam MS, Maina JM, Beaumont LJ. Combined Impacts of Climate
and Land Use Changes on Long-Term Streamflow in the Upper Halda Basin, Bangladesh.
Sustainability. 1 de noviembre de 2021;13(21):12067.

[18] Liu Y, Zhang Y, Yu M, Dai C. Impacts of Climate and Land Use/Land Cover Change on Water
Yield Services in Heilongjiang Province. Water. 26 de julio de 2024;16(15):2113.

[19] Bai M, Shen B, Song X, Mo S, Huang L, Quan Q. Multi-Temporal Variabilities of
Evapotranspiration Rates and Their Associations with Climate Change and Vegetation Greening
in the Gan River Basin, China. Water. 5 de diciembre de 2019;11(12):2568.

[20] Hagemann S, Chen C, Clark DB, Folwell S, Gosling SN, Haddeland I, et al. Climate change
impact on available water resources obtained using multiple global climate and hydrology
models [Internet]. Management of the Earth system: integrated assessment; 2012.

[21] Flint A, Howard G, Nijhawan A, Poudel M, Geremew A, Mulugeta Y, et al. Managing climate
change challenges to water security: Community water governance in Ethiopia and Nepal. Geo
Geogr Environ. enero de 2024;11(1):e00135.

[22] Vieira IFB, Rolim Neto FC, Carvalho MN, Caldas AM, Costa RCA, Silva KSD, et al. Water
Security Assessment of Groundwater Quality in an Anthropized Rural Area from the Atlantic
Forest Biome in Brazil. Water. 25 de febrero de 2020;12(3):623.

[23] Zare M, Azam S, Sauchyn D, Basu S. Assessment of Meteorological and Agricultural
Drought Indices under Climate Change Scenarios in the South Saskatchewan River Basin,
Canada. Sustainability. 29 de marzo de 2023;15(7):5907.

[24] Pereira CO, Escanilla-Minchel R, Gonzdlez AC, Alcayaga H, Aguayo M, Arias MA, et al.
Assessment of Future Land Use/Land Cover Scenarios on the Hydrology of a Coastal Basin in
South-Central Chile. Sustainability. 7 de diciembre de 2022;14(24):16363.

[25] Ortegdn YAC, Acosta-Prado JC, Acosta Castellanos PM. Impact of Land Cover Changes on
the Availability of Water Resources in the Regional Natural Park Serrania de Las Quinchas.
Sustainability. 10 de marzo de 2022;14(6):3237.

[26] Puebla JH, Osorio MDLA, Robaina FG, Yunier Diaz Pérez, Revista Ingenieria Agricola. Grain
sorghum (Sorgum vulgare L. Monech) response to irrigation time and nitrogen fertilizer during
two plantation dates [Internet]. Unpublished; 2016.

[27] Abera Abdi D, Ayenew T. Evaluation of the WEAP model in simulating subbasin hydrology
in the Central Rift Valley basin, Ethiopia. Ecol Process. diciembre de 2021;10(1):41.

[28] Shaabani MK, Abedi-Koupai J, Eslamian SS, Gohari SAR. Simulation of the effects of climate
change, crop pattern change, and developing irrigation systems on the groundwater resources
by SWAT, WEAP and MODFLOW models: a case study of Fars province, Iran. Environ Dev
Sustain. 23 de marzo de 2023;26(4):10485-511.

[29] Hamdi AA, Abdulhameed IM, Mawlood IA. Application of Weap Model for Managing
Water Resources in Irag: A Review. IOP Conf Ser Earth Environ Sci. 1 de agosto de
2023;1222(1):012032.

[30] Zy Harifidy R, Zy Misa Harivelo R, Hiroshi I, Jun M, Kazuyoshi S. A Systematic Review of
Water Resources Assessment at a Large River Basin Scale: Case of the Major River Basins in
Madagascar. Sustainability. 27 de septiembre de 2022;14(19):12237.

OpenEARTH 2024 Conference Proceedings



[31] Ben Salem S, Ben Salem A, Karmaoui A, Yacoubi Khebiza M. Vulnerability of Water
Resources to Drought Risk in Southeastern Morocco: Case Study of Ziz Basin. Water. 24 de
noviembre de 2023;15(23):4085.

[32] Lamichhane M, Phuyal S, Mahato R, Shrestha A, Pudasaini U, Lama SD, et al. Assessing
Climate Change Impacts on Streamflow and Baseflow in the Karnali River Basin, Nepal: A
CMIP6 Multi-Model Ensemble Approach Using SWAT and Web-Based Hydrograph Analysis
Tool. Sustainability. 13 de abril de 2024;16(8):3262.

[33] Amin A, Igbal J, Asghar A, Ribbe L. Analysis of Current and Future Water Demands in the
Upper Indus Basin under IPCC Climate and Socio-Economic Scenarios Using a Hydro-Economic
WEAP Model. Water. 24 de abril de 2018;10(5):537.

[34] Waqgas M, Khalid S, Rasheed H. Social Implications of Water Scarcity in Local Community
of District Rawalpindi.

[35] Jabari S, Shahrour I, Khatabi J. Use of Risk Analysis for Water Security Assessment.
Shahrour |, Xie XY, Bian H, editores. MATEC Web Conf. 2019;295:02008.

[36] Dlamini N, Senzanje A, Mabhaudhi T. Assessing climate change impacts on surface water
availability using the WEAP model: A case study of the Buffalo river catchment, South Africa. J
Hydrol Reg Stud. abril de 2023;46:101330.

[37] Kishiwa P, Nobert J, Kongo V, Ndomba P. Assessment of impacts of climate change on
surface water availability using coupled SWAT and WEAP models: case of upper Pangani River
Basin, Tanzania. Proc Int Assoc Hydrol Sci. 29 de mayo de 2018;378:23-7.

[38] Abbas SA, Xuan Y, Bailey RT. Assessing Climate Change Impact on Water Resources in
Water Demand Scenarios Using SWAT-MODFLOW-WEAP. Hydrology. 22 de septiembre de
2022;9(10):164.

[39] Kim JB, Habimana JDD, Kim SH, Bae DH. Assessment of Climate Change Impacts on the
Hydroclimatic Response in Burundi Based on CMIP6 ESMs. Sustainability. 31 de octubre de
2021;13(21):12037.

[40] Yang J, Huang G. Study on the Mechanism of Multi-Scalar Transboundary Water Security
Governance in the Shenzhen River. Sustainability. 20 de agosto de 2024;16(16):7138.

[41] Satriagasa MC, Tongdeenok P, Kaewjampa N. Assessing the Implication of Climate Change
to Forecast Future Flood Using SWAT and HEC-RAS Model under CMIP5 Climate Projection in
Upper Nan Watershed, Thailand. Sustainability. 16 de marzo de 2023;15(6):5276.

[42]. Deng Z, Ma Q, Zhang J, Feng Q, Niu Z, Zhu G, et al. A New Socio-Hydrology System Based
on System Dynamics and a SWAT-MODFLOW Coupling Model for Solving Water Resource
Management in Nanchang City, China. Sustainability. 18 de noviembre de 2023;15(22):16079.

[43] Goyburo A, Rau P, Lavado-Casimiro W, Buytaert W, Cuadros-Adriazola J, Horna D.
Assessment of Present and Future Water Security under Anthropogenic and Climate Changes
Using WEAP Model in the Vilcanota-Urubamba Catchment, Cusco, Perd. Water. 6 de abril de
2023;15(7):1439.

[44] Szewczyk M, Tomczyk P, Wiatkowski M. Water Management on Drinking Water Reservoirs
in the Aspect of Climate Variability: A Case Study of the Dobromierz Dam Reservoir, Poland.
Sustainability. 29 de julio de 2024;16(15):6478.

OpenEARTH 2024 Conference Proceedings



[45] Gunn EL, Amelin EV. La gobernanza del agua subterraneay la seguridad hidrica en Espaiia.

[46] Mourad KA, Alshihabi O. Assessment of future Syrian water resources supply and demand
by the WEAP model. Hydrol Sci J. 25 de enero de 2016;61(2):393-401.

[47] Nazari Mejdar H, Moridi A, Najjar-Ghabel S. Water quantity—quality assessment in the
transboundary river basin under climate change: a case study. J] Water Clim Change. 1 de
diciembre de 2023;14(12):4747-62.

[48] Pandi D, Kothandaraman S, Kuppusamy M. Simulation of Water Balance Components
Using SWAT Model at Sub Catchment Level. Sustainability. 12 de enero de 2023;15(2):1438.

[49] Cortez-Mejia P, Tzatchkov V, Rodriguez-Varela JM, Llaguno-Guilberto OJ. Calidad del agua
y seguridad ante inundaciones en la gestidn sostenible del recurso hidrico. Ing Agua. 29 de
enero de 2021;25(1):15.

Variability of Soil Properties in the Algerian Sahara Pivot Irrigation
Systems

Lina Gouacem?, Abderraouf Benslama®?, Fouzi Benbrahim?®, Ayoub Hadjeb’, Teresa
Rodriguez- Espinosa® and Jose Navarro- Pedrefio®

'Faculty of Natural and Life Sciences, Institute of Earth sciences. University of Silesia in
Katowice, Poland.

2Laboratory of Valuation and Conservation of Arid Ecosystems (LVCEA), Department of
Biology, Faculty of Sciences Natural and Life- Earth and Universe Sciences, University
of Ghardaia, Ghardaia 47000, Algeria.

3Department of Agrochemistry and Environment, University Miguel Herndndez, Elche,
Spain.

“Higher Normal School of Ouargla, Ouargla 30000, Algeria;

°Faculty of Natural and Life Sciences, Department of Agriculture. University of
Mohamed Khider Biskara, Algeria.

Email: jonavar@umh.es

Abstract

Assessing the sustainability of agricultural production systems in irrigated regions
demands monitoring of soil quality. This study analyses the variation of soil properties
within cereal-cultivated areas under a pivot irrigation system in Ourlal, Biskra, situated
in southeast Algeria. Through a systematic sampling, two cultivated sites and a control
soil were analyzed. Key parameters including irrigation water quality, granulometry,
pH, electrical conductivity, organic matter, and equivalent calcium carbonate (total
limestone) were determined to discern variations between the two cultivated areas
and the control site (non-disturbed soil). Soil granulometry analysis unveiled sandy
loam soil dominance, and pH values ranged from moderately alkaline in cultivated soils
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to slightly alkaline in the reference soil. Remarkable salinity levels were observed in
the irrigation water, with EC values of 4.73 (dS/m) and 4.16 (dS/m) for water pivot
sources WS01 and WS02, respectively. Electrical conductivity values indicated high
salinity levels in cultivated soils and moderate salinity in the control soil, while
equivalent calcium carbonate values indicated a moderately calcareous nature across
all sites with low organic matter content. These findings underscore the influence of
agricultural practices on soil, emphasizing the need of enhanced management
strategies for agricultural water and soils to ensure long-term sustainability of farming
systems.

Keywords: cereal cultivation; pivot irrigation; salinity; water quality
1. INTRODUCTION.

Dry areas exhibit distinct characteristics, including high concentrations of soluble salts,
gypsum, and carbonates, which hinder agricultural effectiveness. Consequently,
evaluating arid soils is essential to determine their vulnerability to desertification, land
degradation, and their viability for agricultural purposes®. Thus, obtaining soil
information is essential for making decisions concerning the management of arid
areas. Itis crucial to recognize that the differences in soil characteristics are collectively

shaped by climate, time, parent material, topography, vegetation, and human actions*
4

Historically, irrigation farming has been crucial in providing food security for millions
in dry and semi-dry areas. Nonetheless, the present conditions and future outlook of
these areas are lacking due to poor crop yields and land deterioration®. Regrettably,
the idea of integrated catchment management in arid regions is frequently overlooked
during the growth of agricultural development. Soil productivity is more and more
affected by poor drainage, faulty farming techniques, and unsuitable irrigation
methods, leading to extensive waterlogging. As a result, insufficient knowledge
regarding soil properties and poor management of soil, irrigation, and drainage have
caused accelerated land degradation®.

The necessity to guarantee food security in Algeria's dry northern regions,
characterized by increasing populations, decreasing agricultural output, and limited
rainfall, has prompted the investigation of irrigation techniques’. Among these
advancements, the pivot irrigation systems have recently been implemented in the
Algerian Sahara®. Nonetheless, effective management of water and nutrients in dry
areas relies on a detailed comprehension of the distribution of soil properties under
pivot irrigation®. This irrigation technique uniformly spreads water over a circular
region, inevitably resulting in differences in soil characteristics. These characteristics,
including texture, structure, organic matter levels, and water retention ability,
influence the flow of water and nutrients in the soil, thus having a significant effect on
crop development and productivity®. This research thus aims to achieve the ambitious
objective of assessing cereal soil characteristics in the context of a pivot irrigation
system in the Algerian Sahara.
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2. METHODOLOGY.

The study was conducted in the southern area of Ourlal, a municipality situated in the
province of Biskra, along the northern edge of the Algerian Sahara (Figure 1). The
precise coordinates of the research area were 34°26' North Latitude and -5°32' East
Longitude. In this area, a pivot cereal system comprising six separate pivots of different
surface sizes was studied. Ourlal, found in a dry climate, undergoes scorching and arid
summers, coupled with temperate winters. As reported in'®, summer heat (June to
August) may attain levels of up to 35°C, while winter temperatures (December to
February) typically hover around 11°C. The area experiences minimal yearly rainfall,
averaging about 150 mm. The months from November to January are notably wetter
than other times of the year, while most of the year tends to be mainly dry!’.
Moreover, the region experiences considerable wind activity, especially in the spring
and summer months. These strong winds are frequently accompanied by dust storms
and sand clouds generated by the effects of the hot, arid wind called "sirocco."
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Figure 1 Situation of the study area.

The experimental pivots labeled P1 and P2, each spanning an area of 20.5 hectares,
were selected for this research. These pivots have been allocated for wheat farming
since 2018. For the study, three experimental plots were meticulously chosen within
(P1 and P2). These fields had been regularly utilized for wheat farming for a duration
of four years. In comparison, the control plot (T) had not experienced any soil
disturbance (undisturbed soil). Samples were gathered at a depth of 0-30 cm,
considered topsoil, due to the sandy soil texture that encourages deep root growth,
with a distance of 30 m between each sample, stored in labeled plastic bags indicating
the respective date. 49 samples were analyzed. This sampling setup adheres to a
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statistically optimal configuration. Irrigation water was analyzed following the APHA
methods to know its characteristics!?, in both pivot systems (W1 and W2).

Prior to soil analysis, samples were dried in the air at room temperature and passed
through a 2 mm mesh. In the fine earth, the characteristics of the soil were assessed:
pH, electrical conductivity (EC), soil organic matter (OM), equivalent calcium carbonate
(eg. CaCOs), and texture (soil granulometry). To determine the pH and EC,
measurements were taken at a temperature of 25°C using a soil to water ratio of 1/2.5
for pH and 1/5 for electric conductivity, in accordance with the method outlined by
the United States Salinity Laboratory!3. The organic matter (OM) was measured using
the Walkley-Black method'4, and the equivalent calcium carbonate content (CaCOs)
was evaluated through the acid digestion method with a calcimeter®. For
granulometry, the Robinson's pipette method was employed to assess the soil's
texture. As per the classification standards established by the United States
Department of Agriculture (USDA), the sizes of sand, silt, and clay particles were
defined as follows: sand is categorized at 0.05-2.0 mm, silt at 0.002-0.05 mm, and clay
at less than 0.002 mm. Descriptive statistical analysis was used to estimate the
significance differences of the values obtained in the soil samples.

3. RESULTS AND DISCUSSION.

The results of the water analysis indicate that the two water sources utilized for
irrigation in the study show elevated salinity levels, as demonstrated by the EC
values'®. The elevated salinity may adversely affect soil health and hinder crop
development. The alkaline characteristics of the water, as shown by the pH levels,
might also impact soil pH, possibly affecting nutrient accessibility and microbial activity
(Table 1). Examining the cation levels, both water sources exhibited comparatively
elevated concentrations of N®* and Ca?* 118, High sodium levels can lead to soil
sodicity, adversely affecting soil structure and permeability®®. Nevertheless, elevated
calcium levels can positively affect soil structure and supply vital nutrients for plant
development, especially in soils deficient in calcium. Examining the anion
concentrations, both water sources reveal moderate amounts of carbonates (CO3%)
and bicarbonates (HCOs’). These may enhance alkalinity and affect soil pH. The
chloride (CI') levels were also important, as their build-up in the soil can negatively
impact plants. The elevated sulphate (SO42-) levels indicated possible risk of soil
salinization and sodicity, since sulphates can aid in gypsum formation.

Table 1. Water analysis of the water sources used for irrigation.

N° samples pH EC Cations (meq/Il) Anions (meq/l)
(ds/m)  Na+ a2 Mg® K €O~ HCOs  CF SO
W1 7.82 4.16 24.96 33 36.6  0.46 0.8 2.4 5.58 30.9
W2 8.04 4.73 36.71 30 31.6 0.6 0.8 2.4 9.9 42.06

The results related to the study of soil properties is summarized in the Figure 3 and
the physico-chemical characteristics are presented in Table 2. The texture was sandy
loam for the soils at both cropping sites and in the control soil. Because of its coarse
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texture, sandy loam soil has high drainage capacity, which is influenced by the mix of
sandy texture and arid climatic conditions in arid zones?°. Water moves swiftly through
the soil profile, reducing the risk of water logging and excessive soil moisture. Despite
efficient drainage, sandy loam soil has a limited water-holding capacity because it does
not retain water and dries up quickly?’?2. On the other hand, is prone to nutrient
leakage due to its high permeability.

The pH values of pivot 1 (P1), pivot 2 (P2), and the control soil (T), indicated a
moderately alkaline reaction for the two cultivated soils and a slightly alkaline reaction
for the control soil. These findings emphasize the alignment of recorded pH values
within the typical pH range observed in arid-region soils. Salinization is a prevalent
issue in soils subjected to pivot irrigation systems, primarily attributed to the gradual
accumulation of salts over time. In this case, a great variability was found, but the
irrigated area showed more a higher electrical conductivity, almost the double of the
control soil. These soils follow that expected for the Algerian Sahara region which
generally exhibit low organic matter content, often measuring less than 0.1%. The
effects of the farming systems showed an increment of the organic matter content in
the soil. However, there was a great variability in the equivalent calcium carbonate
determined, showing a great variability.

Table 2. Descriptive statistics of pH, EC, OM and TL dataset used for three.

Parameters Area  Number Mean Max Min Var St.dev CV%
P1 49 8.1 85 7.9 0.029 0.17 2.1

pH P2 49 8.2 8.7 7.7 0.036 0.19 2.32

T 49 7.8 85 6.9 0.06 0.24 3.17

P1 49 2.18 2.81 1.05 0.12 0.34 15.93

[dSE,::m] P2 49 2.38 3.35 1.03 0.19 0.43 18.31
T 49 1.09 2.78 0.4 0.256 0.5 46.2

P1 49 0.26 0.61 0.04 0.02 0.14 52.97

?}2’; P2 49 0.24 0.55 0.04 0.02 0.14 58.89

T 49 0.21 0.45 0.04 0.01 0.1 49.59

P1 19 9.74 14.59 7.66 2.12 1.45 14.96

Eq. CaCOs P2 49 12.35 16.67 7.9 3.01 1.73 14.06

T 19 8.72 28.69 3.27 10.46 3.23 37.08

Max: maximum; Min: minimum; Var: variation; St.dev: Standard deviation; CV% : Coefficient of variation

4. CONCLUSIONS

In summary, farming in dry areas such as the Algerian Sahara encounters major
obstacles due to scarce water resources and inadequate soil conditions. The
implementation of the pivot irrigation system has provided a water-saving option for
farmers in the Algerian Sahara, though it may also negatively impact soil
characteristics. The growing of wheat in regions like Ourlal -Biskra faces particular
challenges associated with differences in soil quality, such as organic matter levels and
overall limestone content. The results of this research indicate that the examined soil
in the Ourlal area is moderately calcareous and deficient in organic matter. Improving

OpenEARTH 2024 Conference Proceedings



our knowledge of soil characteristics and their variability is essential for creating
effective methods to manage soil and water resources in dry areas. Examining the
effects of farming methods can aid in gaining a clearer insight into the alterations that
take place within pivot irrigation systems. In the end, these initiatives can enhance
crop production and promote sustainable farming methods in difficult conditions such
as those found in the Algerian Sahara.
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Abstract

This study examines the intersection of climate change and delignitization in Western
Macedonia, focusing on the challenges and opportunities for stakeholders and
policymakers. As the region transitions from coal dependency, it faces significant
environmental and economic shifts exacerbated by climate change. Our analysis draws
on climate data, stakeholder feedback, and policy frameworks to identify critical
vulnerabilities, including the impact on local livelihoods, energy security, and natural
and water resources. We highlight potential pathways for sustainable development,
such as investment in renewable energy, hydropower plants, diversification of the
economy, and promotion of green technologies. By facilitating collaboration among
stakeholders and integrating climate considerations into the delignitization process,
Western Macedonia can effectively address the dual challenges of climate change and
economic transition. This research aims to provide strategic recommendations that
empower local communities and inform policy initiatives, ensuring the region's
resilient and sustainable future.

Keywords: Climate Change, Energy, Water Resources, Delignitization, Legal Framework
INTRODUCTION

Western Macedonia, a region traditionally reliant on lignite energy, is currently facing
a series of challenges arising from climate change and the need for lignite phase-out.
The impacts of climate change are already evident in the area, with rising
temperatures and changes in weather patterns affecting local agriculture and the
quality of life for residents. Climate change will affect the Region of Western
Macedonia as the average annual temperature is expected to increase by 1.50 C until
2050. This increase is expected to significantly impact the structured environment of
the region [1].
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The transition from lignite is not merely an economic or energy-related decision but a
necessity in global efforts to reduce greenhouse gas emissions. Most countries
worldwide are trying to implement climate policies and refuse emissions to achieve
Sustainable Development Goal 13, which is devoted to climate change, but there are
significant interactions between all Sustainable Development Goals. Kluza argues that
implementing the climate policy goals might be achieved by pursuing SDGs from the
economic, environmental, and social groups [2].

Policies aimed at lignite phase-out, promoted by the Greek government and the EU,
seek to transition to more sustainable energy sources, aiming to reduce emissions and
develop new economic activities. However, this process is accompanied by challenges
such as job losses in the energy sector, the need for workforce retraining, and
strengthening infrastructure in areas such as renewable energy and sustainable
agriculture. According to Schaub S. et al., policy instruments used to mitigate climate
change, such as economic, regulatory, information-based, and voluntary instruments,
vary between OECD countries in Europe, and public support to implement these
instruments is the critical factor for a just transition towards a low carbon economy

[3].

Local stakeholders and policymakers are at a crucial turning point in Western
Macedonia. The need for structural changes in the economy is pressing, as the lignite
phase-out opens the door for developing new industries and attracting investments.
At the same time, local communities are called upon to actively participate in decision-
making processes to ensure that new policies meet their actual needs. Based on the
data of research held by Pavloudakis et al. [4], the decrease in population and the loss
of well-paid jobs in mining has caused a significant decline of the economic prosperity
indices for Western Macedonia as lignite production was the main regional
development pillar for five decades. The research findings suggest that participatory
decision-making, transparency, and building trust are crucial parameters of the energy
transition governance in Western Macedonia.

Climate change, with its environmental impacts, has highlighted the importance of
sustainability in all aspects of social and economic life. Adapting to climatic conditions
will require collaboration among all stakeholders: citizens, government entities,
businesses, and research institutions [5]. The public’s awareness of the consequences
of climate change is limited. A recent analysis shows that although there is an
increasingly high problem awareness of climate change and notable effects on political
agenda setting, there is no notable behavioral change in Public [6].

An integrated approach that includes education, research, and development is
essential for effectively addressing climate change challenges. Politico- administrative
actors and the Public should only interact to adopt and implement climate policies
slowly, and significant societal commitment is required. In summary, Western
Macedonia stands at a critical juncture where today's decisions will shape its path for
decades. Understanding the challenges posed by climate change and lignite phase-
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out, as well as leveraging the opportunities presented, is vital for securing a
sustainable and prosperous future for the region [7].

METHODS

The methodology employed in this study is unique in its multidimensionality, offering
a comprehensive understanding of the challenges and opportunities associated with
lignitization in Western Macedonia. It begins with the analysis of area-specific data,
including environmental and climate indicators, to establish the current situation and
observed trends. This analysis is then contextualized by the collection and assessment
of information on the social, economic, and environmental impacts of delignitization.

Following this, a comprehensive SWOT analysis is conducted. This strategic tool
effectively captures the strengths, weaknesses, opportunities, and threats that emerge
from the shift to a new economic and energy reality. It ensures a balanced assessment,
taking into account both local data and broader European and international
developments.

Furthermore, the study delves into the existing political and institutional framework
concerning delignitization. It meticulously analyzes the strategies implemented at both
national and regional levels. This process is crucial as it aims to identify policies that
promote sustainable development and assess their suitability for the specific region.

RESULTS
Climate data analysis

A series of critical environmental elements concerning the Region of Western
Macedonia from 2000 to 2023 were studied. More specifically, Graph 1 examines the
average annual temperature of the Region of Western Macedonia from 2000 to 2023,
with a steady increase from 2014 onwards.
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Graph 1 Average annual temperature in Western Macedonia, 2000-2023. Source: World Bank [8]

Graph 2 shows the carbon dioxide emissions from energy production in Western
Macedonia. From 2000 onwards, there has been a steady decrease in CO2 emissions,
which leads us to conclude that the start of deglinitzation did not bring about a sudden
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change in the reduction of total CO2 emissions as expected. This unexpected finding
underscores the need for further research in this area.

a5

)
IS
o

w
a

CO2 Emissions (KT

w
o

25

2000 2005 2010 2015 2020
Year

Graph 2: CO2 emission due to energy production in Western Macedonia, 2000-2023. Source: European
Environmental Agency [9]

Graph 3 presents the annual rainfall in the Region of Western Macedonia during the
period 2000-2023. As can be seen, the rainfall in PDM has a constant periodicity and
intensity with the exception of the two years 2014-2015. Delignitization has not
affected annual rainfall levels to any substantial extent.
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Graph 3 Annual precipitation in Western Macedonia, 2000-2023. Source: World Bank [10]
Swot Analysis

The SWOT analysis, a well-known and user-friendly tool [11], was initially applied in
the economy and advertising sector [12]. However, its adaptability and effectiveness
have led to its adoption in other sectors, such as energy [13-18]. This evolution is
evident in recent bibliographic research, which has seen extensive SWOT analyses in
the field of delignitization [19], both for the Region of Western Macedonia [20, 21] and
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the Municipality of Megalopolis [23]. This evolution underscores the tool's relevance
and applicability in diverse socio-economic contexts.

Strengths
Rich Natural Resources

Western Macedonia possesses abundant natural resources such as solar and wind
energy. The region benefits from high solar insolation and adequate wind speeds,
making it ideal for the development of renewable energy.

Infrastructure and Energy Networks

The area already has well-developed infrastructure for energy production and
distribution, which can be adapted to new technologies. Connectivity to the national
and European grid can facilitate the transfer of renewable energy to other regions,
enhancing the economic viability of investments.

Support from the EU and Government

There are funding programs and support from the EU and the Greek government for
the development of green energy and lignite phase-out. These funding policies can
facilitate the transition to a sustainable economy. The most well-known financial tool
to support delignitization is the Just Transition Fund.

Human Capital

Western Macedonia has a skilled workforce in the energy sector that can be trained
and adapted to new job opportunities in renewable energy and other fields. Local
education institutions can play a critical role in equipping workers with the necessary
skills.

Exceptional Ecosystem — Region of the Lakes

RWM is the region that holds approximately 70% of Greece's surface water reserves
and presents a unique ecosystem.

High Quality Agriculture Products

Products of particular quality and recognition are produced, such as the Kozani krokus,
high-quality wines, unique peppers, beans, and cheese products.

Geographical Location — Cross Border Location

It has an excellent geographical position, as it borders two Balkan countries and is a
short distance from two major ports, Igoumenitsa and Thessaloniki.

Energy Hub of the Country.

RWM was and continues to be the energy heart of the country, contributing to the
country's economic and developmental development through large energy
production.
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Weaknesses
Dependence on Lignite

The historical reliance on lignite has created an inefficient economic structure, making
local communities vulnerable to the economic and environmental impacts of lignite
phase-out.

Job Losses - High Unemployment Rates

Lignite phase-out may lead to significant job losses, particularly in areas directly
dependent on the lignite industry. Workers will need support and retraining to adapt
to new conditions.

Poor Railway network
There is no functional railway network in most areas of the Region.
Poor Foreign Investments and absence of well organized

There is no foreign investment and an organizational issue in welcoming, facilitating,
and supporting investors.

Low Research and Innovation Rates
RWM has low performance in Research and Innovation.
Limited Economic Base

The region has limited alternative sources of economic development beyond the
lignite industry, making it more vulnerable to external economic shocks.

Opportunities
Development of Renewable Energy

Western Macedonia has the opportunity to invest in renewable energy sources such
as solar and wind energy, leveraging its natural resources for clean energy production.

EU Funding

Available European funding for green development and lignite phase-out offers a
unique opportunity for implementing projects that will enhance the local economy.
Funding will be mainly through the Just Transition Fund.

Strategic Partnerships

Opportunities for collaboration with research centers and universities can boost
innovation and the development of new technologies in energy and sustainability. In
addition, there is the possibility of synergies in tourism and energy matters.

Promotion of Tourism
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Tourism is a sector that is developing quickly as many people are forced to find new
professional outlets.

Education and Training — Reskilling and Upskilling

Developing education and training programs can help workers adapt to new labor
market conditions, equipping them with skills that will enhance their competitiveness.

Public Awareness Initiatives

Increasing public awareness of environmental challenges and climate change can
enhance citizen participation in decision-making processes.

Improving life quality and public health conditions

Living conditions were significantly improved, as the exploitation and burning of lignite
caused a series of severe health problems for the citizens of the wider Region.

Threats
Climate Change

The impacts of climate change, such as rising temperatures and increased extreme
weather events, can affect local agriculture and energy production. The lack of
snowfall and drought have been critical issues affecting tourism and agriculture in
recent years.

Competition from Other Regions

Competition from other areas of Greece and Europe for investments and resources
may limit growth opportunities for Western Macedonia. This specific issue is critical as
it can be an inhibiting factor of development and is vital for the smooth sustainability
of the region, especially with delignitization.

Structural Changes in the Labor Market

Rapid changes in the labor market can lead to increasing unemployment if adequate
preparation and support for workers are not provided.

Long financial crisis

Greece has been in an economic crisis for almost twenty years now, which has
prevented it from developing and created a series of social and economic pathogens.

Increased penetration of RES — Expansion to large areas

The overdevelopment of RES in the broader area of RWM creates many territorial
issues, as they occupy huge regions.

Policy Framework

The policy framework for delignitization in Western Macedonia is closely linked to
several international, European, and national strategies to address climate change and
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sustainable development. At the center is the European Green Deal [23], the European
Union's ambitious Plan to achieve climate neutrality by 2050. This Agreement foresees
a drastic reduction of greenhouse gas emissions by at least 55% by 2030, strengthening
the circular economy and supporting regions affected by the transition. For Western
Macedonia, this transition presents unique challenges and opportunities, particularly
through the Just Transition Mechanism.

The Paris Agreement [24], a beacon of global solidarity and collective responsibility,
came into force in 2016, providing a universal framework for climate action. Signatory
states, bound by their commitment to limit the global temperature increase to below
two °C, with a striving to keep it below 1.5 °C, are encouraged to transition to clean
energy sources. This Agreement, in essence, lays a solid global foundation for the
decarbonization of economies, reinforcing the shared responsibility we all bear in
combating climate change.

At the national level, Greece has wholeheartedly embraced these international goals,
incorporating them into the National Energy and Climate Plan (NECP) [25]. This Plan, a
testament to Greece's unwavering commitment to the cause, outlines national
strategies to reduce emissions, increase the penetration of renewable energy sources
(RES), and enhance energy efficiency. The NECP of Greece, with its specific provisions
for digitization and its emphasis on Western Macedonia as one of the regions most
affected by the withdrawal of lignite units, further underscores Greece's alignment
with these international goals.

Another critical element for the region is the Just Development Transition Plan (JDTP)
[26,27], designed to address the economic and social challenges of de-lignitization.
The SDAM includes measures to support the local economy, create new jobs, and
promote investments in RES, industry, and innovation.

All these policies and agreements are directly linked to the European Union's
environmental and energy objectives. The EU promotes a comprehensive strategy to
tackle climate change based on reducing emissions, promoting the energy transition,
and strengthening societies' resilience to environmental challenges. In this context,
Western Macedonia is called upon to act as a model for a fair and sustainable
transition, combining the protection of the environment with revitalizing the local
economy and society.

CONCLUSION AND RECOMMENDATIONS

Western Macedonia is at a critical point of transformation where the need for lignite
phase-out and adaptation to climate change is imperative. The SWOT analysis reveals
both the opportunities and challenges the region faces. Strengths such as natural
resources and support from the EU provide a foundation for developing a sustainable
economic model. However, weaknesses and threats, like dependence on lignite
economy, high rate of unemployment and social resistance, require careful planning
and strategic approaches.
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To ensure a successful transition and change of the production model, some key points
should be considered. More specifically, Strategic Partnerships should be created, and
in particular, Collaboration between the public and private sectors is essential for
developing innovative solutions and funding projects. Sufficient financial resources
should be provided for the training and retraining of human resources, through
modern and educational programs adapted to the work requirements of the time. In
addition, it is crucial to Enhance Public Awareness. This will not only inform citizens
about the impacts of climate change and the opportunities presented by lignite phase-
out, but it will also empower them to contribute to the achievement of our shared
goals. Finally, we should Leverage Funding Sources and the Local authorities should
seek to utilize all available European and national funding programs and at the same
time there should be Strategic Planning for Infrastructure Development which should
be aligned with the needs of the renewable energy market.

An essential part is also the management of water reserves and the strengthening of
the resilience of the Region of Western Macedonia (regional resilience). Regarding the
management of water and water resources, it is known that Western Macedonia has
several water resources, such as rivers, lakes and reservoirs, which need proper
management to ensure their sustainability. The main aspects of effective management
include the upgrading of water storage and transport infrastructures and the
improvement of water quality, where special attention should be paid as former
industrial lands may need remediation to avoid pollution. In addition, new green
solutions should be developed, such as natural filter systems, wetlands, and rainwater
harvesting. These solutions not only support local agriculture and storage but also
contribute to the region's environmental sustainability and resilience. Finally, proper
restoration and conservation of aquifers is crucial for the long-term health of the
region. Suggested steps to strengthen resilience are economic diversification,
strengthening networks and infrastructure, developing resilient ecosystems, and
planning and implementing measures related to climate adaptation and natural
disaster risk management.

Delignitization in Western Macedonia is a challenge, but it also presents a unique
opportunity for the transition to a sustainable future. Climate change forces a review
of traditional development models, while the need for fair and environmentally
friendly development makes it necessary to involve all stakeholders in decision-
making. Strategically addressing this transition through integrating international
agreements such as the Paris Agreement, European policies such as the Green Deal,
and national plans such as the SDAM and ESEK can transform the region into a model
of sustainable development. The challenges emerging for the area are significant.
However, with collaboration, innovation, and strengthening social cohesion, these
challenges can be turned into opportunities that will lead to a more resilient and
greener future, inspiring hope and optimism in all of us.
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Abstract

Soils in the Mediterranean region have a low resilience to disturbances and are now
extensively degraded both physically and bio-chemically. Inappropriate agricultural
practices, exacerbated by other natural and human induced perturbations such as
increased drought and forest fire occurrence have caused soil impoverishment and the
subsequent abandonment of agricultural land in many regions. One of the most
promising approaches to soil rehabilitation on such land is the application of organic
wastes. Organic refuses, such as sewage sludge, are commonly used on agricultural
land, but are increasingly considered for the reclamation of degraded land and mine
deposits. The positive effect of such organic matter, nutrient and microorganism
additions are now widely recognised. Very little, however, is known about the
detrimental effects of such treatments. The impacts of phytotoxins, heavy metals, salts
(especially sodium) and hydrocarbons added via organic wastes are not well enough
understood to be thoroughly considered before application. Potential detrimental
impacts include accumulation of metals, phosphorus, nitrogen, and resilient aliphatic
hydrocarbons, leading to toxicity, nitrate influxes to the groundwater and changes in
soil wetting properties.

Keywords: sewage sludge, degraded soils, soils recovery, semi-arid conditions,
European soils.

1. INTRODUCTION

Many areas in Mediterranean environment exhibit serious soil degradation, due to
natural and anthropogenic disturbances such forest fires!, mining?, abandoned
degraded agricultural soils and salinization by irrigation with low quality water3. A
particularly low resilience to such disturbances due to their low organic matter levels
has exacerbated this trend3. Attempts to restore degraded soils need to consider
physical, chemical and biological properties*>. Soil organic matter plays an important
role in all of these soil parameters®’. Addition of organic matter is therefore one of the
most promising strategies in restoring degraded soils and the regeneration of
ecosystems.

Organic matter in the form of wastewater sludge (composted or not) has for many
years posed considerable disposal problems®1°, Moreover, land application of organic
wastes could contribute to carbon sequestration in soils'!. However, sewage sludge
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often contains relatively high concentrations of certain heavy metals, N and resilient
hydrocarbons. For instance, the concentration of heavy metals in wastewater sludge
is often closely associated with the level of industrialization in the region served by the
municipal wastewater treatment facility. When sludge from plants treating industrial
wastewater is applied to land, the soil's ability to adsorb heavy metals and accumulate
them in the root zones of plants raises critical questions regarding the impact of more
soluble metals on biological activity in soils. In European countries, where
environmental awareness is evolving alongside rapid industrialization, the number of
wastewater treatment facilities is increasing, leading to a significant rise in the volume
of sewage sludge generated as secondary waste. This escalation in secondary waste
necessitates research into the challenges, characteristics, and potential applications of
such material.

Several researchers have studied the application of water treatment sludges (WTS) to
soils in general'?!8, They have identified some of the effects of WTS on the physical
characteristics of the soil and on the availability of nutrients for plants that are grown
on the treated soils. However, previous studies have not provided sufficient
information that allows a thorough evaluation of the positive and detrimental effects
of the application of WTS to soils. This knowledge gap extends even to the chemical
characteristics of WTS, for which little published data are available.

In agricultural soils, the use of sewage wastes is a well-established practice, which has
been studied in some detail during the past years. Sludge applications are frequently
analysed with respect to the chemical fertility and the amelioration of the physical
properties but few evaluate the full environmental impact of such applications to a
wider range of soils including also degraded land. Through the integrated work and
research between different groups that can give a global vision of the beneficial and
detrimental effects we can indeed advance the knowledge of using sewage sludge
applications in restoring degraded soils, however, systematic research has not been
carried out to address this matter.

It is timely to evaluate and promote the rehabilitation of degraded land characterized
by eroding soils, acid soils, saline soils and soils affected by heavy metal contamination
(e.g.: mining soils). It is, however, very important first to understand the relation
between chemical fertility, physical properties and biological activity for a complete
rehabilitation of a soil.

Table 1. Data corresponding to target European market (FAO database).

Specific market ™m Euros
Agriculture Amended 17.340.430 1.127.100.000
Soil rehabilitation 346.800 22.542.000

Germany, France and Spain will probably still be the countries which use the highest
amounts of sewage sludge in agriculture (> 600.000 t/year), with Ireland and Finland
reusing the highest percentage of their sludges in agriculture (>73 %). The data
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provided in Table 1 and 2 demonstrate a very considerable market potential for the
use of organic waste in land rehabilitation.

Table 2. Some EU member state sewage sludge production in a standard year.

EU State Population (million) Sludge Production
(tons dry matter)
FINLAND 5.1 160
IRELAND 3.7 113
SPAIN 42.4 1088
GREECE 10.5 99
AUSTRIA 8.1 196
FRANCE 60.4 1172
POLAND 10.8 359
DENMARK 5.3 200
ITALY 57.6
GERMANY 82.0 2786
BELGIUM 10.2 160
NETHERLANDS 15.8 401

Authors believe that appropriate sewage sludge applications can provide a sustainable
solution to both the increasing problems of sewage sludge recycling and rehabilitation
needs of degraded land. A key problem has been the lack of knowledge and
cooperation between researchers and the industry within this sector. To address this
problem, we propose a project builds on the close co-operation of different research
institutions and the industry at the European level. Thus, the objectives of this
research were (i) to determine the composition of WTS, (ii) to evaluate sludge/soil
interactions, (iii) to evaluate de response of sewage sludge application in degraded
soils in European Mediterranean area.

2. SOIL/LAND TYPES SUITED TO RESTAURATION WITH ORGANIC WASTES
2.1 Mining soils

Quarrying activities such as limestone extraction, entail significant visual impacts and
degradation problems as a result of soil depletion and deep alteration of the original
topography. These areas are at high risk of erosion due to removal of vegetation.
Usually, the material used to restore the landscape (derived from extraction holes,
etc.) lacks key physical, chemical and biological characteristics. The application of
organic amendments could improve this material under the point of view of soil
quality, enhancing the possibility to introduce vegetation'®.
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Figure 1 Limestone extraction in Pinoso (Alicante, Spain).

2.2. Burned soils

Forest soils can suffer serious alterations in physico-chemical properties produced by
wildfires?®2%, which vary with the type of fire, fire severity, climate conditions, soils
conditions and topography???3. In Mediterranean environments the erosion after
forest fires is one of the main causes of soil degradation, associated with the relatively
long period of vegetation regeneration?*. Rapid restoration of the natural vegetation
is important in reducing losses from erosion?>?’. The use of organic additives can help
to restore the organic matter pool depleted by oxidation during burning.

2.3. Abandoned degraded agricultural soils

In semiarid areas, socio-economical changes during the last decades have promoted a
situation of abandoned agricultural land, particularly in areas with soils low in organic
matter content. In these areas the erosion risks are elevated due to rains in autumn
period with a high energy?®. An improvement of soil characteristics by organic refuse
application as sewage sludgel in these cases is very promising in reducing soil losses,
and to prepare the soil for reforestation, which is the preferred land use in many of
these areas?®3.

Figure 2 Abandoned agriculture soils in Cox (Alicante, Spain).

2.4 Salinized soils

The irrigation of soil with low quality water (i.e. with high salinity levels) is common in
semi-arid areas. Salinity can be a limitation factor in biomass production and can
induce changes in soil structure reducing aggregate stability and increasing soil
erodibility. Organic wastes can improve aggregate stability and increase hydraulic
conductivity that can be a way to produce a better situation to salt leaching on soil
profile4,

3. RELEVANCE AND MAIN TARGETS
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Currently local governments across Europe face an increasing problem with waste
disposal due to the lack of controlled sewage disposal. The waste has often been
deposited in non-controlled sewers thereby not only affecting the quality of life of the
population in the vicinity of these sewers, but also leading to environmental
degradation at the point of outlet. This is far from the objectives of the circular
economy promoted by the European Union. This has, for example, severely affected
the water quality and thus the ecology of the Mediterranean Sea. The possibility of
recycling sewage sludge is a sound solution that the local governments could offer with
the main aim of improving the quality of the environment and the lives of the affected
population.

The re-utilization of wastes materials in rehabilitation of degraded land does not only
provide a financially beneficial solution, but also contributes considerably to
environmental protection. It addresses the aims of the Kyoto protocol by adding
carbon to the soil system, which would otherwise be eventually oxidized and returned
to the atmosphere. Finally, the interactions of our local companies with the European
companies located in regions with similar problems are beneficial for the Sectors
involved within these Communities.

The articles 174 to 176 of the consolidated version of the Treaty establishing the
European Community concern the environment and one of the objectives is to
promote measures at international level to deal with regional or world-wide
environmental problems, which is clearly addressed in the scope of this proposal. The
impetus to recycle post-consumer wastes is embodied within the European
Commission Directive (94/62/EC), but how such material satisfies technical and market
demands is unknown. New directives are expected to cover all aspects of industrial
technology, including ethical and environmental issues. Equally, good industrial
practices using as raw materials recycled by-products should be developed and
implemented in every sector.

Wastewater sludge has long presented significant disposal challenges. Its composition,
which includes nitrogen (N), phosphorus (P), and organic matter, renders it a valuable
resource for fertilization and soil amendment. However, wastewater sludge may
contain relatively high concentrations of certain heavy metals compared to levels
found in unpolluted soils. These concentrations are often proportional to the degree
of industrialization in the area served by the municipal WTP (Water Treatment Plants).
When sewage sludge from WTP is applied to land, the soil's capacity to bind heavy
metals and accumulate them in plant root zones raises critical questions about the
impact of more soluble metals on biological life and soil activities. In European Union
countries, where environmental awareness is growing alongside rapid
industrialization, the number of wastewater treatment facilities has increased
significantly, resulting in a substantial generation of sewage sludge as secondary waste.
This rise in secondary waste has directed researchers toward investigating the
challenges, characteristics, and potential applications of this material. The aim of this
study was to assess the effects of applying sewage sludge to soil.

OpenEARTH 2024 Conference Proceedings



When sludge from WTP is applied to land, the soil's capacity to bind heavy metals and
accumulate them in the root zones of plants raises critical concerns regarding the
impact of more soluble metals on biological life and activities within the soil. In
European Union countries, where environmental awareness is increasing alongside
rapid industrialization, the number of wastewater treatment facilities has grown
significantly, resulting in a substantial amount of sewage sludge as secondary waste.
This increase in secondary waste has prompted researchers to investigate the issues,
attributes, and potential utilization of this material. The objective of this study was to
determine the effects of applying sewage sludge to soil.

Sewage sludges consist of multi-element organic wastes commonly utilized as
fertilizers. The application of sludge to agricultural soils is regulated by various
guidelines and regulations, typically focused on the concentrations of heavy metals
within the sludge. However, the use of sludge on agricultural lands has raised
significant concerns. It is frequently argued that heavy metals such as lead (Pb), nickel
(Ni) and cadmium (Cd), present in sludge may enter the food chain through plants or
animals, contaminate surface and groundwater, and pose health risks to humans and
ecosystems.

In reality, metal concentrations in sewage sludge can vary significantly based on several
factors, including (1) the origin of the sludge (e.g., industrial waste typically contains
higher levels of heavy metals compared to residential waste) and (2) the pretreatment
processes applied to the sludge (e.g., raw versus anaerobically treated). Additionally,
the bioavailability of sludge-borne metals in soil is further influenced by soil properties
such as pH, clay and sesquioxide content, and organic matter, as well as the rate of
sludge application. This variability accounts for the observed lack of metal
accumulation in plants cultivated in certain sludge-amended soils, as well as the
beneficial effects of sludge on soil fertility and plant nutrition. Given this context, a
comprehensive understanding of the fundamental chemistry of waste materials and
their interactions with soil will enable sludge managers to make informed decisions
regarding the application of sludge to agricultural lands.

4. CONCLUSIONS

The development of this research will contribute in a decisive way to preserve the
environment in Europe. The demand for water treatment plants is continuously
increasing, for this reason is timely to implement clear and viable solutions to this
problem like those promoted in this project. Our research group has the aim to prepare
reports covering the technical details, performance and applicability of the sewage
sludge strategies with special consideration of the local and regional environmental
conditions, legislation and practices. So, guidelines and recommendations will be
derived and formulated in a final project meeting, involving also representatives from
organizations named below, for the implementation of the water saving approaches
under prevailing and foreseeable future regional, and trans-national conditions and
constraints. In the other hand it is necessary active dissemination of project results
addressing particularly decision- and policy-makers makers (incl. National Ministries
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for Water Resources/Irrigation) and key advisory organizations with strong
dissemination activities to end-users (Water Demand Management Forum Middle East
and North Africa, Land and Water Development Division of FAO, IPTRID Network,
INPIN, IWRA), and the scientific community via papers in relevant international
journals (preferably including a dedicated special issue) and conference
contributions?®31,
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Abstract

Climate change as shown through literature affects the duration and intensity of
natural disasters in Europe. The manifestations of climate change are numerous.
Floods, heavy rainfall, sudden changes in temperature, etc. Heat waves, which are
directly linked to climate change, are of utmost importance, since: (a) they are
associated with loss of life; (b) they have a widespread impact on natural ecosystems,
significantly affecting biodiversity [2]; (c) they reduce crop yields, worsening food
security [3]; (d) they greatly affect Europe and the quality of life of its inhabitants. This
paper focuses on exploring and modifying the perceptions of primary school students
about heat waves in urban environment using the digital game "HEATWAVE CITY", and
related activities. Data gathered from elementary school students (n=55) through a
guestionnaire. The results of the research indicate that students' ideas about heat
waves in the urban environment confirm the existing literature in terms of their
connection with global warming, the ozone hole and the definition of heat waves. As
shown through the research, the students' ideas and perceptions can be modified
and/or improved after a teaching intervention by applying the digital game
"HEATWAVE CITY". The research findings highlight the need for focused educational
interventions. Incorporating accurate and detailed information about heatwaves into
the curriculum, especially as part of broader climate change education, could help
correct misconceptions and raise awareness. Such initiatives play a vital role in
enhancing personal preparedness and fostering a generation equipped to face and
address the impacts of climate change.

Keywords: heatwaves, game, students’ ideas, students’ attitudes
INTRODUCTION

The examination of urban heatwaves is at the forefront of scientific research,
especially as their importance to society and the quality of human life is emphasized
beyond their scientific basis. The increase in the intensity and frequency of heatwaves
in recent decades has led to the use of climate models to study the mechanisms that
cause them, as well as their impacts, in order to predict future trends [4]. This is
particularly crucial for the development of public health policies and the protection of
vulnerable populations.
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In urban environments, heatwaves raise concerns among the scientific community, as
cities are 3-8°C warmer compared to rural areas, and they concentrate the majority of
the population and human activities [5]. Therefore, finding solutions for the issue
becomes necessary. UNICEF suggests that education be utilized as an essential tool to
introduce students to the problem of the climate crisis, as their engagement with the
issue will help cultivate skills that can secure a sustainable future [6]. However, several
conflicting views arise regarding the ways to address these challenges, as significant
socio-economic inequalities are highlighted in various areas of human life, such as: (a)
Healthcare and health services [7]; (b) Energy poverty and housing conditions [8]; (c)
Working conditions [9]; (d) Food security [10]; (e) Social cohesion and Migration flows
[11].

From the literature, it becomes clear that addressing heatwaves is not a simple matter,
as it is a multifactorial issue that requires consideration of as many factors as possible.
A study in the framework of Heatwaves Erasmus+ program [12] highlights the main
categories in which urban planning can focus to address heatwaves: (a) urban
structure and morphology, (b) green infrastructure, (c) blue infrastructure (water), (d)
gray infrastructure (built surfaces and building materials), (e) urban planning and
practices, (f) management strategies, and (g) methodologies. The research findings
regarding the characteristics of the urban environment related to heatwaves and the
possible solutions for urban heatwaves seem to lack a holistic approach. Various
factors are examined independently. Moreover, research and literature often limit
themselves to a technical discussion, avoiding a critical approach [13]. This makes it
difficult to assess the significance of different parameters. For example, the compact
form of the urban fabric is considered to increase urban heat, but at the same time, a
compact city could mean less uncontrolled urban expansion, which could in turn result
in environmental standards with beneficial outcomes for the urban core. Most
importantly, technical approaches often fail to incorporate economic, social, and
political factors, which are critical for understanding urban structures and functions,
urban heat islands, and the climate crisis in general. Therefore, these elements of the
research should be critically addressed when tackling the issue.

Considering that the Industrial Revolution and technology shaped the modern world,
establishing today's social foundations, the climate crisis is the factor that will shape
the Anthropocene epoch [14]. The climate crisis is an extremely important socio-
scientific issue that significantly affects the living conditions and survival of humanity.
It refers to the alteration of the Earth's global climate, specifically to long-term changes
in weather conditions [15]. More recently, the term "climate crisis" has gained
prominence, highlighting the unprecedented characteristics of climate fluctuations.
This is attributed to the complex relationship between the increase in carbon dioxide
levels and rising temperatures, which exhibits a non-linear correlation [16]. It is
therefore imperative to incorporate issues related to heatwaves in the urban
environment into education, to cultivate empathy in young people, raise awareness,
and prepare them appropriately for tackling this global challenge.
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HEATWAVES IN EDUCATION

Education, as a vehicle for shaping conduct and behavior, is considered a critical tool
in addressing the climate crisis. Primarily, it can raise awareness and enhance the
understanding of causal relationships and the impacts of the climate crisis,
encouraging students to take action. In this way, it can cultivate the skills needed to
adopt sustainable practices in daily life. At the same time, it promotes research and
innovation in technologies and practices that can contribute to adapting to climate
change. Of course, through critical pedagogy, education can encourage future citizens
to actively participate in the public debate on the issue of the climate crisis and exert
pressure on relevant authorities to take measures to combat it. In a literature review
conducted as part of the research program "Heatwaves Awareness Through Online
Learning" by the Department of Primary Education of the National and Kapodistrian
University of Athens, the predominant teaching approaches for climate change and
crisis education were identified [17].Regarding learning theories, it was found that the
two most prevalent theories applied to approaches related to the climate crisis are the
inquiry-based learning model and experiential learning. Experiential Learning refers to
the acquisition of new knowledge through experience. Students engage in actions, and
in this way, they can make connections between the theory taught in the classroom
and their knowledge of real and realistic situations. Digitalization techniques can be
employed [18] alongside workshops—both indoor and outdoor—in natural settings
and school environments [19]. These methods are documented in a bibliographic
repository on leading teaching approaches for climate change and crisis education,
developed as part of the HEAT program [17].

In this paper we present the digital game "HEATWAVE CITY" and examine:
1. What are the students' perceptions of heatwaves?

2. To what extent are students' perceptions of the city's planning for heat waves
modified after the teaching intervention?

MATERIALS AND METHODS

We followed a quantitative research approach, with the target population being school
students from grades 5th -6th from a Greek school. We collected data from N=51
students through convenience sampling. The research was carried out in 6 teaching
hours for each grade, in the context of the "Workshop for developing skills" lessons.
The thematic under which the lesson took place has as main objective the cultivation
of environmental sensitivity and empathy of the students, as well as taking action to
address environmental issues. The research study fully complies with the ethical rules.
In particular, since the research sample consists of underage students, special
permission was sought from the parents and guardians of the students, who were
informed of the purpose of the research and its framework, so that they could choose
whether or not they wished to participate in the research.

The research consisted of the following steps:
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Pre-research - Exploring ideas: The aim of the pre-research was to explore the
students' ideas about heatwaves and ways of dealing with them in the urban
environment. The approach to this aim was achieved by using the digital
gquestionnaire.

Intervention: The aim of the intervention was to modify the students' ideas on how to
plan the city to cope with heat waves through the digital game "HEATWAVE CITY"
(https://platform.heatwaves-project.eu/resources/online_game/2). The intervention
lasted a total of two teaching hours, and the students worked in heterogeneous groups
of 4-5 students.

Post-research: This happened a month after the intervention, and it was used the same
guestionnaire as in pre-research.

The tool we used in pre - and post -research was a questionnaire consisted of 13
qguestions which were created by the researchers based on relevant questionnaires
and studies [20]. The first 10 questions measure student’s knowledge and the 4 last
guestions measure students’ attitudes. The questions of the questionnaire are Likert
scale questions, where 1 corresponds to "totally Disagree", and 5 corresponds to
"Totally Agree". As the sample of the questionnaire was small in this research, we
didn’t use percentages but absolute numbers to present students’ answers.

RESULTS

The modification of the students' ideas was tested by comparing the results obtained
from the students' answers to questions 1-9 and 10-13, during the pre-survey and in
the repeated completion of the questionnaire one month after the intervention. Table
1 presents the results of the students' responses to the conceptual part of heatwaves
(questions 1-9) along with Figure 1, while Table 2 and Figure 2 present students’ ideas
on how to make cities more resilient to heatwaves.

Table 1: Students' Responses to the conceptual part of the questionnaire before and after the intervention

Totally
Questions Disagree
Pre Post Pre Post Pre Post Pre Post Pre Post

Disagree Neutral Agree Totally agree

Heat waves are caused
by high temperatures 6 4 3 2 23 28 11 13 8 4
and low rainfall
Global warming is
mainly caused by the

depletion of the ozone 6 3 ’ 12 18 # ? 2 H °
layer

Climate change makes

heat waves less 19 25 6 12 11 8 6 4 9 2
frequent and less

intense

Climate change makes

heat waves more 2 13 8 12 24 17 7 9 8 3
frequent but less

intense

Cllm?te change is 3 2 9 5 10 8 14 25 15 11
making heat waves

more frequent and

more intense

Climate change is not 19 25 12 10 15 8 3 5 2 3

related to heat waves

Heatwaves can lead to
increased air pollution 7 6 8 5 17 15 16 18 6 7
in European cities
Heatwaves do not
affect European cities
any differently than 12 26 12 12 16 8 6 3 5 2
they affect other cities
in the world

Heatwaves mav



How are heatwaves defined?

Period with very high temperatures

Period with very high temperatures and
humidity

Extended period of very hot weather with very -
high temperatures and humidity
Extended period of very hot weather with _

unusually high temperatures, which may be
accompanied by high humidity levels

M Post EPre

Figure 1 Students' answers to the question about the definition of heatwaves 10-12 before and after the
intervention

Table 2: Students' answers to questions 10-12 of the questionnaire before and after the intervention

Questions D-I;::::_I:e Disagree Neutral Agree Totally agree
Pre Post Pre Post Pre Post Pre Post Pre Post
Open-air sprinklers and
fans can play an
important role in 11 9 11 11 19 21 6 7 4 3
reducing urban
temperatures

The creation of forests
and greenways within
cities is an effective way
of shifting the air 3 4 7 5 23 8 8 20 10 14
masses that result in
the cooling of large
areas of the city
Windows and doors
should be left open at 9 16 2 14 19 7 10 8 11 6
noon on hot days

Incorporating more green spaces
and introducing diverse water
sources,

Using efficient cooling systems,
Reducing energy consumption.

—_—
—_—
—
All the above —
p—

Other

o
(&2}
fary
o
fury
(%]
N
o
[
(&)}

30

M Post BPre

Figure 2 Students’ answer to question 13 of the questionnaire about how to make cities more resilient to
heat waves

From both Tables it is obvious that there is a significant improvement in the students'
perceptions after the intervention through the digital game "HEATWAVE CIY". More
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specifically, while during the pre-survey the majority of students (21/51) agreed with
the opinion that windows and doors should be left open at noon during hot days, after
the intervention most students (30/51) disagree with this suggestion. The majority of
the students in our sample supported the creation of green corridors with forests and
parks, as well as the use of outdoor sprinklers and fans, even after the intervention
stage. Particularly noteworthy is that the percentage of students who believe that
creating heat wave-resilient cities requires a combination of passive cooling strategies,
reducing energy consumption of buildings and redesigning urban areas to integrate
them with more vegetation and open spaces increased.

DISCUSSION

Through this survey it was found that most students define heat waves as periods of
very high temperatures, without including humidity levels in this definition.
Furthermore, most students identify the greenhouse effect as a result of the ozone
hole, an idea that confirms the existing literature. In particular, similar findings [21]
research, where they identified that a common misconception is that increased
greenhouse gases were caused by depletion of the ozone layer. Regarding the
relationship between the climate crisis and heat waves, it is surprising that the
majority of students can relate the climate crisis to heat waves (both in the pre-
intervention and post-intervention research), despite the fact that the climate crisis is
not a topic promoted through the science curricula in primary education. This is
probably since the students live in a Mediterranean country, where there is a strong
public debate on the climate crisis [22], which particularly affects Mediterranean
countries through a sharp increase in temperature [23].The results of the
guestionnaire highlight significant gaps in students' knowledge and understanding of
the impact of heat waves on the urban environment. While students have a significant
understanding of the relationship between heat waves and the urban heat island effect
(31 out of 51), it is clear that they do not understand the variations in the impact of
heat waves in different areas. This indicates a general lack of understanding of the
complexity of climate change, which can be attributed to the limited integration of
these issues into curricula. In addition, students seem to understand some of the
measures that can contribute to reducing temperatures in the urban environment,
such as the use of sprinklers, fans and increasing vegetation and water sources.
However, the lack of knowledge of passive cooling measures, such as closing windows
and doors during hot hours, indicates that their understanding is limited to surface
solutions rather than deeper practices based on scientific principles. The results of the
guestionnaire after the intervention with the digital game "HEATWAVE CITY" show a
clear improvement in the students' perceptions of the scientific part of heat wave
management. More specifically, a typical change is the change in perception about
opening windows and doors during hot days. While initially the majority of students
(21 out of 51 students) believed that they should remain open, the intervention led
them to recognize that the opposite practice is more effective in cooling the premises
(30 out of 51 students). Moreover, after the intervention we identify a deeper
understanding of the variation in the impact of heat waves in different regions of
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Europe. This result (from 24 students to 38 students) is significant as it shows that
students are beginning to understand the complexity of climate phenomena according
to specific climatic and geographical conditions and their differentiated impact on
cities. This suggests that the use of interactive digital tools can be a powerful tool to
cultivate a more global understanding of climate challenges. At the same time, the
strengthening of students' views on the creation of green corridors (from 18 to 34
students) shows that students recognize the importance of integrating practices that
enhance sustainability in cities.

Finally, the increase of students who recognize the need for a combination of passive
cooling strategies, reducing energy consumption and redesigning urban areas suggests
that the intervention has contributed to a more comprehensive understanding of how
cities can become more resilient to heat waves. This finding highlights the need for
more

integrated educational interventions that integrate different aspects of sustainable
development. Research shows that creating digital games that support interactive
learning environments, such as "HEATWAVE CITY", can be a valuable addition to the
educational curriculum. These tools are particularly effective for communicating
climate change-related topics such as heat waves. Students are able to actively
participate in problem solving, decision making and addressing complex social and
scientific challenges related to the management of heat waves in the urban
environment. This interactive approach allows students to interact directly with the
educational content by observing the consequences of their decisions, which
facilitates a deeper understanding of the subject.

LIMITATIONS

One potential limitation is the study’s duration; extending the time allocated to each
phase (pre-research, intervention, and post-intervention) could have yielded more
representative findings. Lastly, the small sample size of students presents another
constraint. Conducting the study with a larger group of primary school students might
have demonstrated a more significant shift or development in their ideas about urban
design solutions to mitigate heatwaves, particularly after engaging with the digital
game "HEATWAVE CITY."
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Abstract

Climate-related wildfires are a growing global issue, posing severe risks to ecosystems,
property, and human well-being. The 2021 wildfire in northern Evia, Greece, destroyed
over 400 km? of forest, making it the largest in the country's modern history. Early
climate change education is crucial for equipping students with the knowledge and
skills needed to develop environmental awareness. Teaching strategies that emphasize
local impacts enable students to observe tangible effects, tackle community
challenges, analyze local data, and create practical solutions. Mobile learning
enhances these efforts by providing flexible, outdoor, and travel-based educational
opportunities. Additionally, game-based learning has proven effective in boosting
student motivation and engagement with environmental issues, fostering deeper
understanding and action. This paper presents a proposal of an environmental
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education location-based game activity for upper grades primary school students
about the 2021 wildfire in Evia. The activity involves a forest walk after wildfires, using
the "Actionbound" mobile app for an interactive scavenger hunt. By the end of the
activity, students would have gained insight into the effects of wildfires on the
ecosystem and pollinators as well as the socio-economic impacts on the local
community.

Keywords: Environmental education, wildfires, mobile learning, gamification, location-
based games

1 INTRODUCTION
1.1 Wildfires and Environmental Education

Climate-related wildfires have become a global phenomenon, considered as one of the
most widespread extreme natural events with serious consequences for ecosystems,
private property, human health, and safety [1, 2, 3, 4, 5]. During the last decades,
forest fires have increasingly captured public attention across the Mediterranean
region, with Greece serving as a striking example [6]. Woodlands, grasslands, and
shrublands in rural and suburban areas of Greece are frequently damaged or
destroyed by fires, resulting in significant environmental, social, and economic
consequences [7]. The 2021’s wildfire in Evia devastated over 400 km? of forest in the
northern part of the island, marking it as the largest individual forest fire in modern
Greek history [8].

Facing the challenge of wildfires demands a comprehensive strategy that includes fire
and land management, community readiness, evidence-based policies, and education
[9, 10]. Incorporating wildfire education into school programs allows teachers to
provide students with essential knowledge and skills to grasp fire ecology and
management [11, 12].

Research indicates that initiating environmental and climate change education at an
early age is essential for developing students' knowledge, skills, and attitudes
necessary for fostering environmental values [13]. Educating young people about
climate change is essential to equip the next generation with the knowledge and skills
needed to tackle its causes, impacts, and potential solutions. However, merely
providing information about climate change is insufficient to inspire action and drive
behavioral change [14, 15]. An effective approach to climate change education
involves focusing on local, observable impacts. By using a local context, students can
witness tangible effects, address challenges within their communities, analyze locally
gathered data, and apply their knowledge to develop practical solutions [16, 17, 18].
Addressing children's emotional needs in environmental education can lead to better
engagement and understanding of complex issues like climate change and wildfires
[19]. Furthermore, interactive and engaging educational strategies for climate change
education could be adapted for wildfire education to create effective and immersive
learning experiences [20].

1.2 Mobile learning
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Mobile learning, often referred to as m-learning, is a form of education that leverages
mobile devices such as smartphones, tablets, and laptops to facilitate learning anytime
and anywhere. This approach is characterized by its flexibility and accessibility,
allowing learners to engage with educational content in diverse contexts, which is
particularly beneficial in today's fast-paced, technology-driven society [21]. The
integration of mobile technologies into educational practices has transformed
traditional learning paradigms, enabling a more personalized and interactive learning
experience [22]. Research indicates that mobile learning not only enhances student
engagement but also supports collaborative learning and self-regulated learning, as
learners can easily access resources and communicate with peers and instructors [23,
24]. Furthermore, mobile learning has shown promise in various educational settings,
including formal education, professional development, and informal learning
environments, demonstrating its versatility and potential to meet the needs of diverse
learners [25]. Mobile learning can provide learning opportunities in various contexts,
including outdoor settings and during travel fostering lifelong learning habits [26].

1.3 Learning through gamification

Gamification in education has emerged as a significant pedagogical approach,
leveraging game-like elements to enhance student engagement and learning
outcomes. Gamification positively influences students' willingness to engage, their
learning outcomes, and their socialization skills [27] and it consistently improves
student learning outcomes across various educational settings [28]. The most
frequently used gamification techniques by educators include awarding points, using
levels and using "badges" [29, 30]. The integration of virtual badges and rewards
systems has been shown to enhance motivation, leading to improved completion rates
of assignments and overall academic performance [27, 28]. Furthermore, the
incorporation of mobile gamification applications not only engages young learners but
also aids in their emotional and cognitive development [31]. In addition, the seamless
integration of mobile games into formal learning contexts allows for a blending of
informal and guided learning experiences, driven by students' natural curiosity [32].

1.4 Location-based games

Location-based games (LBGs) are a unique genre of games that utilize geographical
locations as an integral part of gameplay. These games often employ GPS technology
to create immersive experiences that blend the digital and physical worlds, allowing
players to interact with their environment in novel ways [33]. Additionally, mobile
game-based learning can enhance engagement and motivation among students,
particularly in outdoor settings [34, 35]. The integration of real-world locations into
educational contexts not only promotes active learning but also fosters a deeper
connection to the subject matter, as players engage with their surroundings in
meaningful ways [36]. LBGs can contain essential features of serious games that
enhance learning outcomes, such as interactivity, problem-solving, and engagement
[37]. These features are particularly relevant in the context of environmental
education, where learners must navigate complex ecological systems and make
decisions that reflect an understanding of environmental principles. Furthermore,
research highlights the role of serious games in fostering social change, suggesting that
LBGs can encourage teamwork and communication among players as they work
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together to solve environmental challenges [38]. Studies have shown that game-based
learning can significantly increase students' motivation and engagement in
environmental topics [39]. Additionally, the use of narrative elements in LBGs can
enhance intrinsic motivation by providing a compelling context for players to engage
with environmental themes [40].

1.5 Actionbound application

Actionbound (see Figure 1) is an open-source application for digitally interactive
scavenger hunts, called "bounds," to guide learners on a journey of discovery [41].
Actionbound, created in 2012 in Berlin for education, enables the creation of
multimedia quizzes with instant feedback and GPS guidance. It supports online and
offline use, promotes student autonomy, and requires basic digital skills for both
students and teachers, while all the results can be accessed afterwards.

Figure 1: Actionbound mobile app (client) and desktop web application (administration)

2 AN EDUCATIONAL APPROACH TO UNDERSTANDING WILDFIRES AND
ENVIRONMENTAL IMPACT IN N. EVIA

In this paper we present a proposal for an environmental education location-based
game activity (bound) for 5% and 6™ grade primary school students about the 2021
wildfire in Evia with the help of Actionbound mobile application.

Specifically, the activity is a digital scavenger hunt game, where students, divided into
groups of 2-3 people, follow a route through the burnt forest of Pappades in Northern
Evia, answering open-ended questions, taking photos and exploring in the field., by
using the Actionbound app on their mobile phone.

The activity is based on a fictional story, where "Vagia" the owl returns home, to the
forest of Pappades, after the wildfire of 2021. There, she sees everything burnt and
changed. She really wants to know what has happened and what happened in the
forest. Students follow a forest route, point by point, "Vagia", learning about forest
pollinators, the local flora, the causes of wildfire and its effects on the forest ecosystem
and the local community, as well as about climate change. Their goal is to discover
"Gogo", the beekeeper who together will discuss all the above and reflect on their
answers along the way.
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Figure 2: The route through the burnt forest of Pappades in Northen Evia

The route (Figure 2) is 800m long and relatively uphill, while its duration is expected to
be 60 minutes. It consists of a total of 8 points-stops along with those of the start and
finish and takes place in the forest area outside the village of Pappades. Once they
reach the starting point, students scan the bound’s QRCode (Figure 3) with
Actionbound app, already installed on their mobile devices, to get started.

H Bayla n koukouPBayla emoTpEPEL WILIw
OTITL...

by astrogeekteacher

H Baya n koukouBayia
EMOTPEQPEL OMTL...

Scan this Code with the Actionbound
App to start the Bound.

% Educational, Outdoor

W environmental education,
wildfires, greece

(i} Start guide @© approx. 60 minutes
R approx. 0.8 km
= A Singleplayer Bound

™ 1stage

@ 14information
@ 8missions

Q 7locations

€ 15urvey

Figure 3: The bound with QRCode

At each stop where students pass, there is a challenge to show them the next point to
go. Here's a brief breakdown of each stop point of the app:
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Point O - START: The adventure begins with Vagia, a little owl who lives in a rich forest
of Evia. When she returns from a short trip to find food, she is saddened to discover
that her environment has changed dramatically. Trees, flowers and her friends, insects,
seem to have disappeared. Vagia decides to investigate and find answers, meeting a
group of students exploring the forest. Together, they will travel to seven points of
interest.

Point 1 - OLD APIARY: Students get to know the world of bees. They learn about bee
society, the role of the queen, and the importance of beekeeping for the ecosystem.
They then explore the landscape to find and photograph a bee in action, observing
how it collects pollen and nectar.

Point 2 - LOCAL FORAGE PLANTS FOR BEES: Students learn about endemic beekeeping
plants. First, they focus on arbutus, an aromatic plant of value to bees, and look for
arbutus trees in the forest, answering multiple choice questions about the plant. Then
they get to know other local beekeeping plants, such as thyme, zorus, milk thistle and
oregano. The activity concludes with photos that students are asked to take of one of
these plants.

Point 3 - POLLINATORS: Pupils learn about the pollination process and about
pollinators other than bees (e.g. butterflies, wasps, beetles) by looking for insects in
flowers. The activity involves a photograph of an insect "working" on a flower.

Point 4 - EUBOEAN OAK AND PINE: The students explore two "symbol" trees for the
area: the Euboean Oak (endemic species) and the Aleppo Pine. They are invited to
photograph an Euboean oak and a young pine tree, while learning about the pine as a
source of resin and about Marhalina, an insect that lives in the pines and produces
honeydew.

Point 5 — RESIN COLLECTION: Students look for resin collection bags on pine trunks.
Learn about the process, the uses of resin (from flavorings to pharmaceuticals) and
discuss how wildfire affected the region's agricultural production.

Point 6 - FIRE AND CLIMATE CHANGE: Here, students analyze the possible causes of a
fire (human or natural) and its relationship with climate change. In addition, they
compare burnt areas with intact ones, noticing differences in vegetation. They learn
about passive and active fireplants and ways to protect the regeneration of the forest.

Point 7 - GAZEBO/FINISH: At the end, they meet Gogo, a local beekeeper, who shares
stories about bee life and the challenges after fires. Students upload their photos and
data to the Actionbound platform, discuss their impressions, reflect on the answers
they gave along the way and experience honey tasting from local producers.

3 CONCLUSIONS

This paper presents a proposal for an environmental education LBG activity for upper
grades primary school (5™ and 6t grade) students about the 2021 wildfire in Evia
with the help of Actionbound mobile application. The goal of this activity is to help
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students gain insight into the effects of wildfires on the ecosystem and pollinators as
well as the socio-economic impacts on the local community.

However, it should be noted that the proposal presented in this paper needs to be
applied in the school context to students and to evaluate its learning outcomes in
order to investigate whether gamification using location-based mobile games such as
Actionbound is effective for learning on environmental issues, such as wildfires.
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Abstract

This work concerns the implementation of an Environmental Education program in a
vocational secondary school adjacent to one of the Ramsar sites in Greece, the
wetland of Axios, Loudias, Aliakmon Delta. Students developed teamwork, got to know
their country’s wetlands and the wetland in question, discovered experientially the
diversity of life in a wetland, they developed active participation in the collection of
information as well as in the discussions and reflections that were developed, they
understood the importance of wetlands for humans and the ecological balance on the
planet, they acquired positive feelings towards wetlands and the natural environment
and finally they became aware of their role as inhabitants of a region and of the entire
planet. As active members of their school, they undertook to inform the school
community and the local community through presentation of the program in the
school and publications in the local press.

Keywords: Biodiversity, Environmental Education, experiential actions, awareness,
change of attitude

1. INTRODUCTION

The importance of biodiversity is multidimensional, as it directly and indirectly affects
human well-being and the functioning of the planet. It is closely related to the
ecological balance and the functioning of ecosystems, is a source of food and raw
materials, confers resistance to diseases and disasters, has cultural and aesthetic
value, concerns evolution and genetic diversity and is ultimately of great economic
importance. The preservation of biodiversity is vital to the sustainability of the planet,
and its loss due to human activities can have serious consequences for the future
(Primack, 2006).

Wetlands are among the most valuable ecosystems on the planet, as they provide
multiple benefits for both the environment and humans. They regulate the climate of
the area, helping to reduce the effects of climate change, protect against flooding and
erosion, and filter water by removing pollutants and toxic substances, helping to
protect water resources, they support local communities by providing productive
resources while also having cultural and spiritual significance for local communities.
Their protection is vital because they host rich biodiversity, being the most important
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type of ecosystem for maintaining the diversity of avian fauna (Paraskevopoulos,
2019).

Managing wetlands through laws, international treaties (such as the Ramsar
Convention) and sustainable management practices is critical to protecting
endangered plants and animals and the birds that live in them. Eleven (11) areas have
been designated as wetlands of international importance by the International Ramsar
Convention in Greece (OECD, 2009). One of them concerns the wetland of Axios,
Loudias, Aliakmon Delta which is adjacent to the school which implemented an
"Environmental Education program" related to it.

The Plan of Action (UNESCO, 1978) is an international consensus agreement with the
greatest influence on the foundation and development of Environmental Education.
Since the Thessaloniki Intergovernmental Conference on "Environment and Society"
in 1997, where Environmental Education was declared as "Education for Environment
and Sustainability” (Chiokos et al., 2020), the Environmental Education is seen as a
means of achieving the change of attitudes and decisions, the development of skills,
the satisfaction of the principles of sustainability (Phlogaiti, 2006). Environmental
Education as a dynamic element of a quality education, forms its pedagogical
framework through interdisciplinarity, the opening of the school to the community,
the experiential approach to knowledge, the use of discovery learning, the study of
issues from the immediate environment (Phlogaiti, 2006).

After the creation of a voluntary group of students and teachers, with the aim of
implementing an Environmental Education program, and discussing the above
concerns, an important wetland in the area of the school unit, the wetland of Axios,
Loudias, Aliakmon Delta, was chosen among others as the subject of processing-study.

2. OBJECTIVES OF THE PROGRAM

The overall aim of the program was to raise awareness and educate participants about
the importance of wetlands to the environment, society and economy, promoting their
sustainable management and protection.

In particular, the cognitive objectives of the program were the members of the
pedagogical team: a) to recognize the main species of flora and fauna of the wetland
and to understand their importance for the functioning of the ecosystem, b) to
understand the services offered by wetlands, c) to be able to identify and describe the
main anthropogenic and natural threats facing the wetland, d) to understand the
relationship between humans and wetlands. The emotional goals were: a) to cultivate
a deeper emotional connection with nature and to develop respect and appreciation
for the beauty, tranquility and uniqueness of the wetland, b) to feel personal
responsibility for the conservation and protection of the wetland, as and the need to
contribute to addressing environmental problems, c) to take the initiative to inform
and raise awareness of their environment. The psychomotor objectives were: a) to
develop group cooperation, b) to develop active participation in the collection of
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information, as well as in the discussions and reflections that will be developed, c) to
raise awareness and realize their role as residents of an area and of the whole planet.

3. PROGRAM IMPLEMENTATION METHODOLOGY

For the implementation of the Environmental Education program, the pedagogical
team implemented experiential workshops to strengthen teamwork, worked in small
groups, researched and looked for information in printed and electronic materials and
watched audio-visual material of the Hellenic Ornithological Society (Elliniki
Ornithologiki Etaireia) (with the aim of the theoretical approach to the concept of
"wetland"), discussed, exchanged opinions, was informed by specialized scientists, did
fieldwork to experientially discover the diversity of life and enjoy the natural
environment, created presentation material to inform school students and published
articles in the local press. Through active, experiential, exploratory and discovery
learning, the interdisciplinary approach and the development of team dynamics, by
participating in various activities and working collaboratively, individual and social
skills were developed and all the individual topics of the program's objectives were
studied (Anagnostopoulou, 2001). Techniques that can be used to implement
Environmental Education programs were used: brainstorming, lecture, research,
participation of special guests, etc. as well as the most widely used method of practical
application of Environmental Education programs in schools, which is the project
method (composite creative work) (Chrysafidis, 2002).

Teachers did not have the role of the one who exclusively transfers knowledge. They
became the mediators between the subject and the students, suggesting ways of
acquiring knowledge. They did not tell students what to do, but helped them discover
their personal needs. They did not provide answers, but they challenged, raised
awareness, mobilized and helped the students to find them themselves. They took on
the role of team animator coordinator, a role completely different from the one they
have in the classroom. The student-centered system was adopted over the teacher-
centered one (Matsangouras, 1998).

The implementation of the program was linked to the Analytical Curriculum of the 2nd
year course "Environment and Agriculture" of the Agriculture Sector of the Vocational
High School of Veria (EPAL) in terms of the effects of human interventions on the soil,
water ecosystems and the natural landscape, as well as biodiversity, of the elective
course "Management of natural resources" of the 3rd year of the EPAL with regard to
wetlands under international protection and in a general way with the courses of
natural sciences and especially with the courses "Biology" and "Chemistry", as well as
with the foreign language "English" and the course "Computer Science" (due to
research on the Internet) as well as the "Greek Language".

More specifically, to achieve the goals of the program:

- team contract and experiential workshops for team bonding were held
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- there was a free association exercise, opinions were expressed, discussion and
exchange of views took place and the group made decisions on which topics would be
explored in depth by assigning individual topics to small groups.

- all wetlands of the country were searched on the map of Greece, material was
studied and presentations were made by each group of the study material

- an educational visit was made to the Agency of the wetland Axios, Loudias, Aliakmon
Delta in N. Agathoupoli, the "Microcosm" program was attended at point 29, hiking
next to the Aliakmona estuary was experienced, bird watching at point 30 was
practiced and photos were taken by students

- there was a discussion and feedback after the visit, watching audio-visual material
related to the Ramsar treaty and the needs of protecting wetlands, and gathering
information in the library of the 5th General High School which is near the Vocational
High School that practiced to program

- a video was shown about the Gialova wetland, the interstitial "Wetland" was played
as a game, and reflection and discussion followed

- watched the film "Danube the Amazon of Europe" and the audio-visual material of
the Hellenic Ornithological Society ("Mavropetritis-the falcon of the Aegean"),
followed by discussion, reflection and assignments

- there was a presentation of material by the students and a discussion regarding the
material they found about the dangers that threaten wetlands

- material for February two (‘wetland day’) (wetland flora and fauna) presented and
Power Point material on 'wetland birds' for which a matching game was prepared

- meetings were held to collect and process material with the technique of web
exploration and organization of material to be published

- with the help of the web exploration technique, information was collected about the
Kerkini wetland and the students were informed and prepared for the visit to the
Kerkini wetland

- - a two-day excursion to the wetland of Lake Kerkini (visit to the Park Management
Agency, information-visit to the Municipal Aquarium of Byronia, visit to a buffalo
breeding farm, visit to the holy pilgrimage to the Shrine of the Holy Forerunner, visit
to the Women's Cooperative of Ano Poroia and to the Environmental Education Center
of Poroia where the students attended its program. Overall they observed, were
informed, fieldworked and raised awareness)

- the team collected all the material (informational, photographic), processed it and
created educational material in the form of Power Point through which students of the
school who did not belong to the pedagogical team were trained and informed.

For the implementation of the above actions, the team cooperated with the Teachers’
Association as well as the Association of Parents and Guardians (support for the team's
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movements) of the EPAL, the Environmental Education Center of Naoussa and Poroia,
the Hellenic Ornithological Society and the Management Body of the wetland of Axios,
Loudias, Aliakmon Delta.

4. RESULTS-DISCUSSION

With the participation of students in institutionalized Environmental Education
programs implemented in the context of school activities, the aim is to develop skills,
change attitudes and cultivate active participation for the protection of the
environment (Chiokos, et al., 2020). Through the processes of implementing the
program, and in particular through the creation of group and sub-groups,
brainstorming, web exploration, searching for information, watching audio-visual
material, developing active participation, experiential actions, visits to selected
wetlands and creation of promotional material, it is considered that the objectives of
the program have been achieved.

Students developed their social skills by working in groups. They were active and
informed about the conditions for the protection of wetlands (International Ramsar
Convention), the wetlands of Greece, the flora and fauna in wetlands, the need to
protect them, as well as the dangers that threaten them. These were carried out
through actions at the school but also during visits to two important wetlands of North
Greece. In fact, the fact that one of the studied wetlands (the Axios, Loudias, Aliakmon
Delta) is adjacent to students’ residential area was proved to be (as expected) a great
motivation for their involvement in the program's actions. In addition, during the visit
to the wetland of Lake Kerkini, the students were also informed about the ways of
protection and sustainable development of Lake Kerkini and therefore other wetlands
in general. They also enjoyed the two wetlands and recognized their value as places of
recreation.

They had a great time during the group meetings and during the visits that took place
and gained positive feelings towards the wetlands and the natural environment. More
than that, there was an interest from a student to take part in the voluntary work that
takes place during the summer months under the supervision of the Kerkini Lake
Management Body, and is aimed at actions to protect the wetland.

The project method showed that it was a very useful process of experiential learning
and really contributed to the interdisciplinary approach of the subject (Voudrislis &
Avgerinou, 2004; Taratori-Tsalkatidou, 2007), while in addition, by creating an
informative Power Point, the group was able to inform-problem and other peers of
hers. This way and according to Dale's learning pyramid (Lee & Reeves, 2007), who
argued that the greatest degree of "learning" of information occurs as a result of third-
party teaching, a higher degree of learning was achieved for the group. Without, of
course, calculating the benefit to the society of the region, from the information,
reflection and awareness of many more peers beyond those of the group.

In the present program learning experiences outside the classroom that also served
the need for man to be in nature and to have a relationship with other living organisms
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(Wilson, 1993) led to experiential learning (Dewey, 1897). It is considered that the
program achieved its main purpose, to make students see things with a different eye
(Peters, 1973).
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Abstract

The study analyzes the physical environment of the San Juan River sub-basin belonging
to the Yaque del Sur River basin, emphasizing the relationship between natural
resources and anthropogenic activities. The work has a descriptive approach where a
documentary review was carried out exploring databases, as well as the review of
documents from state institutions related to natural resources. An analysis of flows
was carried out from 1996 to 2023 using the JASP statistical program. Among the most
relevant results are that there is soil diversity, with rough or mountain soils
predominating 60% and clay soils in the valley part 21%. Natural vegetation has been
diminished, giving way to the development of agricultural activities, generating
conflict. of use, more than 71% of the soils present accelerated water erosion,
impacting the dam lake, the flows present peaks during the months of greatest rainfall,
evidencing the need for adequate management of water resources. The relationship
between natural resources and anthropogenic activities shows a negative impact on
ecosystems, erosion and intensive use of soils require immediate attention, as well as
adequate management of resources, the results indicate the need to implement
strategies to mitigate the effects of the Climate variability improve the sustainability
of the subbasin.

Keywords: Sustainability, Natural resources, Land use, Anthropic activities and Erosion
1. INTRODUCTION

Scientists specializing in natural resources define a watershed as the entire area
bounded by water divides, which creates a hydrological system that includes both
surface and groundwater flowing into a main river, lake, coast, or infiltration zone?®.
Within these watersheds, various human activities take place, including industrial,
urban, rural, agricultural, and environmental preservation efforts?. Additionally, there
exists a spatial and temporal interrelation and interdependence among the biophysical
environment, methods of resource appropriation, and institutional frameworks>.
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Rosatto et al. (2020)* argue that the needs of a constantly increasing world population
generate demands that pressure natural resources, endangering the resilience of
natural and anthropogenic ecosystems.

The Dominican Republic has three major watersheds, with the Yaque del Sur River
basin being one of the main ones, covering an area of 4,674 km? with a stream length
of 251.50 km. The San Juan River sub-basin is one of the most important in this region®.

Segura & Ferreira (2020)® addressed the issue of erosion in watersheds and
sedimentation in the Sabana Yegua and Tavera reservoirs, both in the Dominican
Republic, to determine the nutritional quality of the sediments stored in the reservoirs
and their use as an amendment.

Huamacata (2018) found that studying land use changes incorporating the time
dimension allows identifying changes in space and time in land use in Argentina.

Alvarado & Mainato (2021)8 claim that in localities in the Chimborazo province of
Ecuador, there has been significant growth in deforested areas, grasslands, and
anthropogenic zones, with a corresponding decrease in wooded and paramo areas due
to inadequate management and increased agricultural and livestock activities.

Cabrera & Suarez (2022)° warn that varying the percentage of vegetation cover
impacts hydrological processes, influencing precipitation-infiltration and runoff
relationships. Both human and natural factors also alter the composition and structure
of vegetation cover.

Chirinos (2023)° studied the incidence of climatic variability and land cover changes
on the availability of natural flows at the headwaters of the Cabanillas River basin.

In the Dominican Republic, land use is regulated by the Environmental and Natural
Resources Law (Law 64-00)*! in Chapter Il, Articles 120 to 125, and the Territorial
Planning Law (Law 360-2022)'2, which in Article 40 classifies land use according to its
nature or purpose.

Vegetation dynamics refer to the variability of the type and/or forms of vegetation
cover occurring over a period and in a defined environment. Changes in vegetation
cover can occur naturally (changes in precipitation and temperature) or due to human
activities®.

The success of a diverse crop production program may depend on soil-level zoning to
increase precision or reduce costs. One of the most commonly used technologies is
the soil scanner, which helps determine variability at the farm level'3.

Irregular behavior in vegetation cover is essentially due to unilateral land
management, conditioned by extreme climatic variables, limited land use capacity, and
the topographical conditions of each area. Thus, the cover is influenced by prevailing
zonal rainfall and temperatures®®.
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According to Robert (1999), cited by PROCISUR (2006)4, observing variability in the
properties or determining factors of production in the agroecosystem is not new.
However, the ability to identify, quantify, and map that variability is different.

2. MATERIALS AND METHODS

The study area was the San Juan River sub-basin, part of the Yaque del Sur River basin,
covering an area of 2,023.23 km?. It includes tributaries such as the Mijo, Maguana,
Jinova, and Dajay rivers from the southern slope of the Central Mountain Range, and
the Bao River on the northern slope of the Neiba Mountain Range15,16. The life zone
corresponds to low montane wet forest according to the Holdridge classification15. In
the valley, the rainfall is 950 mm, and the temperature is 24.9°C. Surveys conducted
by the mining company Gold Quest!’ indicate that the rainfall in this area is 1200 mm,
and the average temperature is 18°C.

A documentary review was conducted using databases such as Redalyc and Scielo Latin
America. Maps of vegetation cover, soil productivity capacity, slope ranges, vegetation
cover, and sub-basins of the Yaque del Sur River, published by the Ministry of
Environment and Natural Resources® 8, were reviewed. Additionally, works from the
National Institute of Hydraulic Resources (INDRHI)*® and inflow statistics to the
Sabaneta Dam from the Hydroelectric Generation Company (EGEHID) database20
were examined. The Technical Economic Study of the Romero Mining Project!’
available on the Ministry of Energy and Mines website was also reviewed.

The analysis was carried out using the JASP statistical program, providing output values
of monthly average flow rates, standard deviation, confidence intervals, among other
parameters.

3. RESULTS AND DISCUSSION

The results are products of the analysis of various maps published by the Ministry of
Environment and Natural Resources'>*8, works conducted by the National Institute of
Hydraulic Resources?®, and inflow records at the Sabaneta Dam of the Hydroelectric
Generation Company?°.

3.1. Soils

Approximately 60% of the soils in the sub-basin correspond to rugged calcareous or
non-calcareous mountain soils: 21% are non-calcareous clayey soils found in the valley,
8.5% are soils developed on colluvial materials, and the remaining 10% are recent
alluvial soils and soils developed on colluvial and alluvial fans, on schists and basalt.

3.2. Slope Ranges

The slopes of the San Juan River sub-basin range from 0-4% in the San Juan valley,
which is the lower part of the sub-basin, 4-8% in the middle basin, and exceed 64% in
the upper sub-basin?®,
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These slope levels coincide with those reported by Consorcio Proyecta, C x A —
Ingenieria Caura?!, who state that, according to the slope map, mountainous terrains
with steep slopes exceeding 50% predominate, especially towards Alto Yaque del Sur
and large portions of the upper areas in the Las Cuevas and Grande River sub-basins.

3.3. Vegetation Cover

The coniferous forest has been replaced in the north western part of the sub-basin to
make way for short-cycle crops, while it remains in the north eastern part due to the
large area occupied by José del Carmen Ramirez National Park (Figure 1). In some
areas, the broadleaf forest is still preserved in the corresponding part of the Central
Mountain Range and the upper part of the Neiba Mountain Range. Dry forest
vegetation is present in the southern part of the basin, which is the lowest area with
less precipitation and higher temperatures®®.

-

COBERTURA FORESTAL
SUBICUTNCA RIC SAN JUAN
CUENCA YAQUE DEL SUR

Figure 1 Vegetation Cover Map of the San Juan River Sub-Basin'®

In works conducted by the mining company Gold Questl7, it is reported that the
prevalent low montane moist forest in the Romero project area is a broadleaf forest
with native creole pines (Pinus occidentalis). A significant portion of these forests has
been cleared for subsistence agriculture, wood production, and other uses of
firewood, leaving only some isolated remnants of the forest in widely spaced peaks
and valleys.

3.4. Soil Productivity Capacity

As seen in Table 1, 9.12% of the soils in the studied sub-basin are arable, suitable for
irrigation with flat, undulating, or slightly hilly topography, and have no severe limiting
factors, making them highly productive (Class Il). 8.82% of the soils are arable, suitable
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for irrigation, but only with very profitable crops. They have flat, hilly, or slightly hilly
topography with some severe limiting factors, such as effective depth, and moderate
productivity with intensive management practices (Class lll). Class IV occupies 5.35%
of the sub-basin territory and consists of soils limited for crops, not suitable for
irrigation except with very profitable crops, with severe limitations and requiring
intensive management practices. Class V soils have drainage limitations, suitable for
pastures and rice cultivation, with high productivity if good management practices are
applied, occupying 3.65% of the sub-basin. This class includes mountainous terrains
with rugged topography. Class VI soils are suitable for forests, pastures, and mountain
crops, with very severe limitations in topography, depth, and rockiness, comprising
10.13% of the total area. Class VIl includes mountainous terrains with rugged
topography, not arable, suitable for forest exploitation purposes, representing more
than 62% of the territory. Class VIIl is not arable, suitable only for national parks and
wildlife areas, accounting for 0.12% of the sub-basin area®>.

Class Area (km?) Percentage
Il 184.60 9.12
1l 178.54 8.82
v 108.28 5.35
V 73.77 3.65
Vi 204.96 10.13
VI 1,270.72 62.81
VIl 2.36 0.12

Total 2,023.23 100.00

Table 1. Land Productivity Capacity!®

3.5. Land Use Conflict

A significant portion of the basin is overused, particularly in the northwest of the
Sabaneta Dam, where there is intense agricultural activity including short-cycle crops
and extensive livestock farming (Figure 2). Conversely, in the flat part of the sub-basin,
there are significant portions of land still underutilized, mainly on the left bank of the
San Juan River and both banks of the Bao River.
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Figure 2 Land Use Conflict’
3.6. Erosion in the Sabaneta Dam Sub-Basin

In the contributing sub-basin of the Sabaneta Dam, INDRHI (2014)*° found that only
28.73% of the soils produce erosion within permissible limits (>10 tons/ha/year),
while in the remaining 71.27%, erosion exceeds permissible limits, with 14.22% of
the area being critical, where water erosion exceeds 200 tons/ha/year (Table 2).

Range (tons/ha/year) Area (ha) % Area
<10 14,189.12 28.73
10-20 8,103.21 16.41
20-50 5,557.04 11.05
50-200 14,613.27 29.59
> 200 7,022.06 14,22

Table 2. Soil Loss in the San Juan River Sub-Basin Upstream of the Sabaneta Dam According to USLE
Model. Source: Own elaboration with data from INDRHI*®

Erosion levels around the Sabaneta Dam are lower than those reported by Consorcio
Proyecta, C x A — Ingenieria Caura?! for the three main rivers in the Sabana Yegua Dam
basin, where in the least cases, it exceeds 260 tons/ha/year.

Erosion levels may be related to the predominant agricultural activity in the area, as
the mining company Gold Quest!’ states that agricultural crops in the project area are
located on mountain slopes and in small valleys and semi-flat areas.

3.7. Inflows to the Sabaneta Dam

The months with the highest inflows to the Sabaneta Dam are October with an average
of 12.46 m¥s and a standard deviation of 4.73, May with 11.19 m¥s and a standard
deviation of 3.76, and September with 11.17 m¥s and a standard deviation of 3.24.
The months with the lowest inflows are December with an average of 5.83 m¥s and a
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standard deviation of 1.80, February with 4.89 m%s and 1.56, and January with 4.56
m3/s and a standard deviation of 1.13 (Table 3).

P

Upper Lower Standard

Month Valid Mean 95%Cl  95%Cl Deviation Maximum  Minimum
January 15 4.56 5.18 3.93 1.13 5.90 221
February 15 4.89 5.75 4.04 1.56 7.10 1.95
March 15 5.23 6.39 4.08 2.09 8.25 2.59
April 15 9.15 7.65 4.73 2.64 10.31 2.60
May 15 6.19 11.19 7.03 3.76 17.51 4.26
June 15 8.25 9.53 6.98 2.30 12.75 3.47
July 15 8.20 10.04 6.36 3.32 15.25 4.33
August 15 9.17 9.69 6.64 2.74 13.57 5.11
September 15 9.37 11.17 7.58 3.24 13.82 2.19
October 15 9.84 12.46 7.22 4.73 21.84 2.63
November 15 7.71 9.21 6.22 2.70 13.51 2.67
December 15 5.82 6.82 4.82 1.80 9.11 3.26

Note: Valid = Number of records, Mean = Average, Upper 95% Cl = Upper 95% Confidence Interval, Lower
95% Cl = Lower 95% Confidence Interval

Table 3. Descriptive Statistics of Inflows to the Sabaneta Dam. Source: Own elaboration with data from
EGEHID*

These results differ from those reported for Chilean rivers, where there is a tendency
forincreased winter precipitation and decreased summer and autumn precipitation22.
Similarly, they differ from studies conducted in the Guayllabamba River basin in
Ecuador, where inflows decrease in summer22.

4. CONCLUSIONS

In light of the results in the San Juan River sub-basin, there is a complex interaction
between natural resources and anthropogenic activities. The distribution of soil types
and vegetation cover shows a clear negative impact on ecosystems, which is
exacerbated in areas where natural vegetation has been cleared for short-cycle crop
agricultural activities.

Accelerated water erosion, aggravated by intensive soil use, has become a priority
issue, not only due to its harmful effects on water quality and ecosystem sustainability
but also because it contributes to sedimentation in the reservoir.

The research highlights conflicts in land use, where areas with high agricultural
pressure coexist with underutilized zones, indicating the need to establish a balanced
natural resource management plan for the sub-basin.

The results reveal the seasonal variation of inflows to the Sabaneta Dam, highlighting
the necessity to establish water resource management plans to mitigate the effects of
climatic variations manifested through seasonal irregularity in the rainfall regime.
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The sustainability of tourism development in places of interest such as the Caribbean
countries is a global challenge that requires an integrated approach to territorial
planning and management. Strategic Environmental Assessments (SEAs) are used to
ensure that environmental considerations are integrated into the decision-making
process at the policy, plan and programme level. However, there is a growing need to
improve the accuracy and predictive capacity of SEA by incorporating tools that allow
better assessment of the environmental sensitivity of territories. Environmental
sensitivity analysis is an approach that allows identifying and prioritizing geographic
areas that are especially vulnerable to human disturbances. The incorporation of this
analysis into SEA can provide a more detailed and adapted assessment of the possible
environmental consequences of tourism developments, such as those that occurred
in the Dominican Republic, which experienced an exponential growth in tourism
development since 1980, affecting territories with high environmental value. This
exponential growth in turn generated some environmental problems in the territory
as a result of an environmental impact assessment system biased towards individual
projects and not a policy of territorial and environmental planning of tourist spaces.

Keywords: Tourism investment; environmental planning; strategic environmental
assessment; Environmental sensitivity analysis

1. INTRODUCTION.

The sustainability of tourism development in places of interest such as the Caribbean
countries is a global challenge that requires an integrated approach to territorial
planning and management. According to Gémez Orea et al. (2011)!, the Strategic
Environmental Assessment (SEA) is a preventive environmental management
instrument aimed at integrating the environment into the process of formulating
policies, plans and programs (PPP) and verifying the reality of it. Integration consists
of incorporating, from the beginning, sensitivity, criteria, knowledge and
environmental commitment into the process of preparing the PPP, so that the public
decision in this regard is as accurate as possible!. Therefore, Strategic Environmental
Assessments (SEAs) are used to ensure that environmental considerations are
integrated into the decision-making process at the level of policies, plans and
programmes. However, there is a growing need to improve the accuracy and predictive
capacity of SEA by incorporating tools that allow better assessment of the
environmental sensitivity of territories.

Environmental sensitivity analysis is an approach that allows identifying and
prioritizing geographic areas that are especially vulnerable to human disturbances.
According to Rebolledo (2009)?, Environmental Sensitivity Analysis (ESA) is the
evaluation of the susceptibility of the environment to be affected in its operation
and/or intrinsic conditions by the location and development of any project and its
areas of influence. Incorporating this analysis into SEAs can provide a more detailed
and tailored assessment of the potential environmental consequences of tourism
developments, especially in island countries, thus promoting more sustainable
territorial management. The high environmental value of these territories is due to the
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presence of coastal areas with beaches, dunes, coastal lagoons, mangroves, coastal
wetlands and proximity to important protected areas. This environmental value has
put many previously lagging spaces in tourist value, however, tourism development in
coastal areas has sometimes led to the degradation of sensitive ecosystems, such as
coral reefs and mangroves®.

Due to this enhancement, the Dominican Republic, within the countries of the insular
Caribbean, experienced an exponential growth in the development of tourism since
1980, when substantial changes began to take place in the tourism model4,
incorporating territories with high environmental value to the development of hotel
complexes in areas such as Punta Cana, Bavaro, Macao, Uvero Alto, Bayahibe, Samana
and recently, Miches and Pedernales. This exponential growth in turn generated some
environmental problems in the territory as a result of an environmental impact
assessment system biased towards individual projects and not a policy of territorial
and environmental planning of tourist spaces. These environmental problems in
tourist areas are due to the lack of integration of strategic environmental assessment
in tourism planning and in the environmental evaluation of projects.

2. METHODOLOGY.

To obtain the literature used in analysis of the state of the art, as the main objective
was to carry out documentary research regarding the SEAs in the Caribbean area,
several research criteria have been established. They were the following: (i)
research/work/studies related to tourism development in the Dominican Republic,
strategic environmental assessment, and environmental sensitivity analyses; (ii)
articles published from 2000 to the present related to the impact of tourism on the
Dominican economy and the local environment; (iii) regional geographic scope studies,
in order to learn about the application of methodologies in Caribbean countries; (iv)
national statistics on tourism development indicators. For the literature review, the
EBSCOhost database and the available tools were consulted. The search options were
title, abstract and keywords. The following keywords (combined or separate) were
used: *Dominican tourism development*, *tourism investment in the Dominican
Republic*, *strategic environmental assessment®*, *environmental sensitivity
analysis*, *environmental impacts of tourism in the Dominican Republic*, *tourism
sustainability*, *environmental vulnerability in island tourism countries*.

3. THE GROWING DOMINICAN TOURISM DEVELOPMENT.

According to Isa (2011)°, between 1980 and 2008 the real value added by tourism
multiplied by 16 in the Dominican Republic. The speed of growth was experienced in
the nineties. Between 1980 and 1990, the contribution of the tourism sector went
from 1% of the Gross Domestic Product (GDP) to 4%. In the 1990s, the contribution to
GDP grew from about 4% in 1990 to 7% in 2000. This contribution is not only given by
the generation of added value only, but it is an activity that links other productive
sectors contributing to synergistic development, for example, promoting agricultural,
transport and commercial activity. A significant contribution has been the
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decentralization of economic activity, which until then was only concentrated in the
metropolitan area of Santo Domingo and Santiago. However, the expansion of tourism
translated into a growth in economic activity towards the north and east coasts of the
country, economically marginalized areas until before the nineties.

Campusano et al. (2024)3 point out that tourism has boosted the Dominican economy.
The authors state that during the period from 2012 to 2022, foreign direct investment
(FDI) in tourism reached 7,673 million dollars, representing 25% of the total FDI
received in the country. This sector has seen a considerable boost due to investment
from large hotel chains, mainly from Spain and the United States, with more than 600
projects nationwide. This has improved the tourism infrastructure, the competitive
hotel offers and an increasingly qualified workforce, making the country the main
tourist destination in the Caribbean. They also indicate that the processes for foreign
investment in the tourism sector have been simplified, which has contributed to its
promotion.

According to data from the Ministry of Tourism, tourism activity in the Dominican
Republic is fundamental to its economy, representing approximately 7.5% of GDP and
contributing 34.4% of the income of the balance of goods and services. This sector,
driven by beaches and tropical climate, is essential for employment, generating 7% of
jobs in the country and having a multiplier effect on job creation®. In this sense, it can
be indicated that tourism in the Dominican Republic has been consolidated as one of
the fundamental pillars for the socioeconomic development of the country. However,
it should be taken into account that, due to its dependence on investment, tourism
production is mainly in the hands of foreign capital, which returns the profits extracted
from the territory to their countries of origin’.

Despite these strengths and other opportunities of the country compared to others in
the region, the tourism sector presents challenges in the face of environmental
vulnerability and the lack of environmental planning of the territory, including genuine
local economic development. Natural disasters, such as hurricanes, and the effects of
climate change represent a constant threat to the country's tourism infrastructure3.

4. THE IMBALANCE BETWEEN TOURISM INVESTMENT AND THE ENVIRONMENTAL
PLANNING OF THE TERRITORY.

The Dominican tourism industry began firmly at the end of the sixties and the
government was the main driver when making the first investments, in addition to
offering a generous framework of tax exemptions and benefits aimed at promoting
private investment — national and foreign — which was initially concentrated in Santo
Domingo and the poles of Puerto Plata and Boca Chica®. The greatest take-off would
come to the East in 1985 with the opening of the International Airport, which
generated the tourist poles of Punta Cana and Bavaro, where large hotel firms began
to be established. The bet of both private investors and government planners was
made in favour of the development of All-Inclusive (Al) resorts, giving rise to colossal
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structures in virgin areas, under an enclave scheme with little or no influence on the
communities where they are inserted.

In the last two decades, there has been a proliferation of legislative initiatives that
grant tax exemptions and other privileges to tourism-real estate development projects
(Law 158-01) and to foreigners who decide to reside in the Dominican Republic (Law
171-07)*. Consequently, serious issues on the environment and social exclusion have
been generated, which openly question the sustainability of the country's main tourist
destinations. This is confirmed by studies such as the one carried out by MITUR (2012)°
which presents a geoenvironmental assessment of 133 beaches where strongly
degraded systems associated with urban occupations and resorts on the beachfront
are evidenced; or research on vulnerability to climate change!®, reflecting that the
predominant tourism model is one of the main factors of vulnerability, affecting the
coastal provinces with the greatest housing capacity (La Altagracia, San Pedro de
Macoris, Distrito Nacional and Puerto Plata).

One of the relevant problems which has contributed to exacerbating the negative
impacts and unsustainability of this type of tourism development has been the lack of
state regulation, heavy burden and environmental deterioration®. According to Isa,
"the expansion of hotel activity since the mid-eighties has not been developed within
the framework of development and land use plans. Nor in the framework of effective
environmental regulation. The result has been a disorderly growth of tourism poles,
both hotel projects and human settlements that emerged or expanded because of
hotel growth. This growth has resulted in an overexploitation of resources at the poles,
particularly soils, waters, and coastal resources. The environmental problems
experienced by the country's tourist areas are widely known, especially the growth of
slum settlements, the overflow of road and urban infrastructure, deficiencies in
municipal services, including solid waste collection, overuse of groundwater sources
and their salinization, and the degradation of coasts and marine reefs."

The Dominican tourism industry, despite the regulations that govern it, has been
sustained by inadequate management of the environment, understanding that its
natural resources could be used unlimitedly without causing degradation to the
environment and its ecosystems4. Before the General Environmental Law 64-00, there
were specific regulations for the control of certain practices related to natural
resources, for this reason that period is characterized by the lack of environmental
regulation in some of the first tourist poles.

Navarro-Jurado et al. (20157) argue that what happens in tourism development in the
Caribbean, and therefore in the Dominican Republic, is a clear reflection of the union
of Butler's and Gormsen's models and that it implies the constant construction of new
enclaves in a succession of "tourist peripheries", repeating the cycle: tourism
"discovers" a certain relatively virgin territory and initiates the first activities that give
way to massive commercial exploitation. Subsequently, the destination becomes
massive, loses its novelty and begins to degrade. At this time, destiny is reconverted,
reinvented, or enters a phase of decline. At the same time, capital "flees" to other
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"undiscovered" destinations, where it can begin to promote a more "attractive" offer,
thus generating a spatial expansion and restarting the Cycle!l. It is at this time that in
the other destinations to be discovered, environmental planning and strategic
environmental assessment were not incorporated.

In the eastern part of the Dominican Republic, the impact of tourism has been greater,
causing enormous environmental loss. After Law 64-00 was created, it was thought
that the deterioration of coastal and marine resources was going to stop, especially in
areas of hotel incidence. However, the destruction of dune systems, coastal lagoons
and mangroves on the east coasts, such as in Bavaro, Punta Cana and Macao, among
others, has occurred, without intervention to stop the destruction of coastal
ecosystems, without environmental control.

As suggested by Portorreal and Morales (2011)%, Law 64-00 has not stopped the
environmental deterioration of tourist areas, as serious losses of local ecosystems
continue to occur, related to or linked to tourism projects. The municipal councils have
given authorization for the use of land in highly vulnerable spaces such as dune
systems, coastal lagoons and mangroves, as well as the Ministry of the Environment.
The environmental management of the tourism model that has been implemented to
date is not sustainable because the environmental variable is not integrated into the
strategic planning of the tourism sector nor are environmental sensitivity assessments
of territories that will be subjected to territorial development carried out.

Inchaustegui (2019)'? points out that the diversity of problems that arise on the
Dominican coasts due to tourism activity are partly the product of violations of Law
64-00 on the environment and natural resources and of the sectoral laws and
regulations that derive from

them. Among the main coastal environmental problems related to tourism activity, he
points out: privatization and impediment of entry to beaches and coastal areas by
private agents; destruction of dunes and coastal vegetation, affecting in some cases
turtle nesting areas; erosion of beaches and associated coral spaces; destruction of
seagrass meadow areas under the pretext of beach cleaning or improper use of boats;
drying and filling of mangroves and wetlands for the development of tourism
infrastructures; destruction of reefs, threat to natural reserves, and consequently,
greater vulnerability to climate change. This work also states that one of the most
important points for the sustainable development of tourism is the need to have good
indicators.

Herrera and Betancourt (2007)*3 state that climate change, especially on islands such
as the one to which the Dominican Republic belongs, will seriously affect various
factors, such as ocean acidification, changes in rainfall patterns, increases in air and
water temperatures, rising sea levels, and increases in the frequency and intensity of
extreme weather events. They will affect key elements of the physical-natural
environment, compromising the natural resources on which tourism depends and
triggering primary and secondary social and economic impacts that will affect all those
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related to the sector. The authors identify a series of expected impacts on key
biogeophysical factors related to tourism development (in the case of Punta Cana and
Bavaro). These factors are coral reefs, sandy beaches, mangroves, and key
representatives of coastal and marine biota. The impacts to be addressed include the
increase in atmospheric CO; itself, the rise in sea level, the increase in temperature,
changes in the rainfall pattern and the increase in extreme weather events.
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Figure 1 Map of the DR with the two tourist sites under development: Miches and Pedernales. Source: José
Joaquin Hungria Morel National Geographic Institute. 2023.

In this context, the sustainable management of the territory and the incorporation of
environmental sensitivity analyses in the strategic environmental assessment for the
new tourism poles of national development are of utmost importance in order to avoid
repeating the experiences of past environmental impacts —natural and social—.
Currently, and for about four years, the phenomenon, suggested as the union of
Butler's and Gormsen's models’, has taken place, which implies the constant
construction of new enclaves in a succession of tourist peripheries. In this case,
tourism discovers a relatively virgin territory and in this case two tourist sites on the
Dominican coasts have been valued: Miches and Pedernales, two historically relegated
areas, but with incalculable natural beauty, and a high environmental sensitivity
(Figure 1).

5. STRATEGIC ENVIRONMENTAL ASSESSMENT IN THE TOURISM CONTEXT.

The Strategic Environmental Assessment (SEA) arises as an evolution of the
Environmental Impact Assessment (EIA), whose function is to assess the
environmental impacts of specific projects. SEA, on the other hand, focuses on a higher
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level of planning, assessing the environmental impact of policies, plans and
programmes, and providing a framework for integrating environmental considerations
into strategic decision-making.

SEA is a preventive environmental management instrument aimed at first integrating
the environment into the process of formulating policies, plans and programs (PPP)
and then verifying the reality of it'4. Integration consists of incorporating, from the
beginning, sensitivity, criteria, knowledge and environmental commitment to the
process of preparing the PPP, so that the public decision in this regard is as accurate as
possible. Verification involves two facets: verification that an effort has indeed been
made to integrate the environment in the preparation of the PPP and the evaluation
of the result achieved.

SEA would then be defined as a systematic process for assessing the environmental
consequences of policy proposals, plans and programmes to ensure that they are fully
included and appropriately considered in the early stages of decision-making at the
same level as economic and social considerations. The objective of SEA is to prevent
and mitigate the environmental consequences of decision-making in phases prior to
that of the projects, through the timely recognition of the alternatives of initiatives
that best fit the principles of environmental sustainability. At this point, environmental
sensitivity analyses become extremely important. Thus, SEA is based on a holistic
vision of the territory and its environmental sensitivity that allows it to be ordered
according to its restrictions and potentialities so that each project proposed in that
territory can consider its sensitivities before being designed in order to ensure that
territorial development is carried out in a sustainable way. The effectiveness of these
assessments has often been limited by the lack of integration of tools that address the
environmental sensitivity of the territory.

Although SEA has established itself as a valuable tool for environmental planning and
management, its application in the context of tourist sites often lacks an in-depth
assessment of the territory's environmental sensitivity. In the case of the Dominican
Republic, and due to the importance of tourism for the local economy, economic
growth is sometimes interposed as a national priority, and environmental assessment
systems sometimes result as obstructions to the dynamism of the economy and the
holistic and long-term vision is lost.

Environmental sensitivity analysis is a methodology that allows assessing the
vulnerability of a territory to different types of environmental impacts. This approach
has gained relevance as a tool that complements SEA by providing a more detailed
assessment of geographical areas requiring special protection and planning the
territory accordingly. Rebolledo (2009)? defines environmental sensitivity analysis
(ESA) as the evaluation of the susceptibility of the environment to be affected in its
operation and/or intrinsic conditions by the location and development of any project
and its areas of influence. The ESA evaluates the susceptibility and resilience of the
characteristic variables of the environment, because of the actions planned in the
preliminary phase of the project. Based on this, it establishes a model of
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environmental sensitivity based on the assessment of spatial relationships to seek
sustainable development.

An example at the regional level of Caribbean countries is the Republic of Colombia.
Since 2020, the National Environmental Licensing Entity of Colombia, as part of the
strategy to strengthen the early assessment of the territory, developed a new
instrument called Regional Environmental Sensitivity, which seeks to generate alerts
on aspects of environmental vulnerability for consideration during the evaluation and
monitoring of projects under the competence of the National Environmental Licensing
Authority (ANLA) on a rough scale. The methodological scheme developed by the
ANLA for the exercise of environmental sensitivity, begins with the acquisition of
official secondary information useful for the diagnosis of the state of resources at the
national level, as well as the list of projects subject to periodic monitoring. From this
information, the criticalities are assigned to the analysed components, generating
intermediate sensitivities; which are finally weighted resulting in a single total
sensitivity'®.

In the Dominican Republic, ESAs have been carried out in geographical spaces
intended for the development of tourism projects, however, these analyses are based
on the private sector and on a voluntary basis, resulting in individual projects planned
and designed based on the environmental sensitivities found. The environmental and
licensing results have been successful;, however, this depends on the will and
awareness of the investor, but not on a formal procedure established by public policies
on environmental matters or related institutions. Recently, the Ministry of
Environment and Natural Resources of the Dominican Republic has issued a resolution
(Res. 0020/2024)%¢ that issues the terms of reference for the strategic environmental
assessment of land use plans at the national, regional and municipal levels in
compliance with Law No. 36822, on land use, land use and human settlements. This
could be the beginning of the incorporation of these ESAs into the strategic
environmental assessment, and for this it is essential to identify and develop ESA
methodologies that allow the integration, evaluation and management of areas
sensitive to the development of new national tourist destinations.

6. CONCLUSIONS.

The development of Dominican tourism activity has had an accelerated growth and
despite the environmental regulations that govern it, it has been sustained by an
inadequate management of the environment, understanding that its natural resources
could be used unlimitedly without causing degradation. Although there have been
efforts to carry out adequate environmental planning, there has not been a coherent
policy regarding the management of sensitive areas in sites considered as important
tourist destinations. SEAs have been applied in the planning of tourist destinations to
assess the potential impact of tourism development policies on the environment and
local communities in some parts of the world. However, the effectiveness of these
assessments is often limited by the lack of integration of tools that address the
environmental sensitivity of the territory. Environmental sensitivity analysis has great
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potential to be integrated into SEAs, especially in contexts where territorial planning
must balance economic development with environmental conservation. However, this
integration is still incipient in many regions. The integration of environmental
sensitivity into tourism planning has proven to be effective in reducing the negative
impacts of tourism in particular cases of the development of tourism projects in the
country, however, this integration remains a challenge due to the lack of standardized
methodologies that can be applied to different contexts.
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SESSION: Environmental education at the different
levels of the educational systems

TuaA\aée oTig amoPelg TwV HadnTwy yia TNV KAATIK aAAayn
aro 1o 2011 pEXPL onuepa.
lMNwrtormtovAov Mavayiwta

MaBntpla tng A’ Aukeiou tou 120u Aukeiou Matpog

Email: giotopouloupanagiota@gmail.com, ggiotop@gmail.com

NEPIAHWH

H peAétn autn Stepeuvad tnv avtiAnyn tou kKivdUvou TNG KALLATIKAG aAAayr G armd Toug
HaOnTtég Aukelou Kal KOTa OoOo €Xel aAAAGEEL o€ oX€on e €peuva Tou SLe€nxdn to
2011. ZuvoAwkd 310 paBntég ouumMANnpwoav €va NAEKTPOVIKO EPWTNHUATOAOYLO
KAELOTOU TUTIOU QTTOTEAOUEVO OO SNAWOELG OXETIKA HE TLG OUTLEC, TIG ETLMTTWOELG KOl
TIC AUOELG VLA QUTO TO TTAYKOGULO TTEPLBAANOVTLKO {NTnHa. EEeTAoTNKAV TO LOPPWTLKO
eninedo, T0 PUAO KoL N TIPONYOUUEVN CUUMETOXN O €EWOXOALKA TIPOYPAULOTA
MNeplBaArlovtikng Ekmaideuvong oe oxéon He TG LO€e¢ Twv padntwv. Evtomiotnke
BeAtiwon oTo MOCOOTA TWV CWOTWV ATIAVINCEWV TWV HoBntwv tou 2024 os oxéon UE
TG aMAVIACELS TIou €dwoav oL pabnteég tou 2011 mdvw oto BEpa TG KALULATIKAG
oAAayG. OLKUPLOTEPEG TINYEG, KOWVEG KO OTLG U0 EPEVVEG, OTIO TLG OTIOLEG OL LaBNTEG
£€xouv Slopopdwaoel TNV AmoPr] TOUC OXETLKA e TO O TNC KALUATIKAG aAAOY NG OAAG
Kal ouveyilouv va avthouv TAnpodopieg sival n tnAedpoon Kol TOo OXOAElO evw
BAémoupe mw¢ otnv mopovoa Epeuva epdavidovtat kat AAeg¢ SU0 TNYEC
mAnpodopnong, To SLadikTuo Kal To KvnTo ThAEPwVo.

Né€elg  KAeldld:  KApatiky  oAAayn, paBntég, Acsutepofabuia Exkmaideuvon,
EPWTNUATOAOYLO

1. EIZATQrH

Jupudwva pe tnv Liarakou et al., 2011, to dawopevo tNg KALATIKAC aAAaynG dalveTal va
amaoyoAel toug pabntég tng B Babuiag Ekmaidevonc. Emeldn ot avtAPELS yLa TNV KALLATIKN
oAAayn ota maldla dpaivovtal AlyOTEPO EMLPPETELG OTNV €MLPPON TNG KoopoBewplag 1 tou
TIOALTIKOU TAaLoiou, pumopel va eival duvatd yla autd va eUnMVeVOOUV TOUG EVAALKEG TTPOG
vPnAotepa enineda avnouxlag ylo to KALHa Kal, e TN o€lpd Toug, cUANoYLIKA §pdon (Hornsey
etal.,, 2016). levika, éva uPnAdtepo eninedo avtiAnPng tou KvdUVoU TNG KALLATIKAG GAAAYNG
EKONAWVETOL ATIO TILO LOPPWUEVA ATOUA, ATOMO UE LOOTLIES Kol LETAUALOTIKEG agleg, ATopa
pe uPnAotepo evbladépov ylo TNV TOALTIKA KOl XOUNAOTEPO €eMiMeSO TPOCWTILKWY
OLKOVOLLKWY aVNOoUXLWV. ZUVOALKA, oL yuvaikeg ekdpalouv uPnlotepa enineda avtiAndng
KWv8UVOU KALLATIKAG 0AAayNG aTtd Toug Avopeg, aAAA n UTAPEN UIKPOTEPWV TTALSLWY OTO OTIITL
MELWVEL TG avTIAAPELS KvEUVOU TwV yuvalkwy. Opoiwg, Ta eninmeda avtiAnng tou kivduvou
KALLOTIKAG aAAQynG LELwvovTaL He TNV NAkia povo yla tig yuvaikeg (Ergun et al., 2024). H
cUA\oYIKA §pdon TOU QTTOLTELTOL YLOL TOV HETPLACUO KOL TNV TIPOCAPHUOYH OTNV KALLOTIKN
oA\ayn eival e€alpetikd SUokolo vo emteuxBel, KUPLWC AOYW KOWWVLKO-LOE0AOYLKWVY
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npokataAnPewv mou Slalwvilouv TV MOAwon yla thv KAatiky alhayr) (McCright et al.,
2011- Kahan et al., 2012). Z0pdwva pe toug Baiardi & Morana (2021), n avaAndn otopLKng
KAl KOWWVIKAG 8pdong ylol TOV UETPLACHO TWV EMUTTWOEWY TNEG KALLATIKAG oAAQyNnG €XEL
kataotel kpilown. EmMopévwg, n Katavonon Tng otaong Tou Kool OmEVOVTIL O OUTEG TIG
ETUMTWOEL KOL TWV KWNTAPLWYV TOPAYOVIWYV TOUC €ival IWTIKAG onuaciog yla Tnv
anoteAeopatiky Stapopdwaon MOALTIKAG.

ErunpooBeta, ol Lawson et al., (2018) tovilouv otL ta cUvBetTa meplBaAlovTika tpoBARUaTa
ouvnBwg emiAbovtal adou to kowd dev eival Aéov mpdBupo va anodexBel Toug KvdUuvoug
Kal amoutel aAAayn (m.X. AvtavokAaoTIKOG EKkouyxpoviopocg). Aloonueiwta mapadsiypota
TMepAAUBAVOUY TIG QVTIOPACEL OTNV TPUTA Tou OoVtog Kol TNV evamobeon of€og. Itnv
TepIMTWOon TNG KALLOTIKAG AAAQyNG, WOTOCO, N TIOALTLKOTIOLNON ToU {NTALOTOG LIMOPEL va £XEL
WG AMOTEAEGUA OL EVAALKEG VA ayvoo UV Toug KvSUVoUG Kat va amodéxovtal To status quo.

OL poOntég €xouv apKeTd cadelg LOEEC Lo TIC ETUMTWOELS, VW GAIVETOL va gival KAMWC
UTEPSEPEVOL OXETIKA HE TIC AUOELG Kol KUpiwg TIg attiec. Metalt twv mbavwyv eénynoswv
OUTWV TWV TACEWV, TovileTal n AoyLkr akoAouBia Twv GUGCLKWY CUVETIELWV Kol N SucKoAia Twv
HaBONTWV vo avayvwpioouv oLTieg ou TpoUTTOBETOUV GUYKEKPLUEVECG ETILOTNOVIKES YVWOELG
(Liarakou et al., 2011).

Ot Lawson et al. (2018) untootnpilouv OTL N enkowvwvia yla To KAlpa pe Baon ta modld eivat
ML OVETIOPKWE LEAETNUEVN aAAA TTOAAQ UTTOCXOEVN TIOPELA yLa TNV UTtokivnon &pdong yLo
TO KAipa 1600 peTaty maldlwv 000 Kat evnAikwy. To maldLd £Xouv HOVASIKEG TIPOOTITIKES YLOL
TNV KALLATIKA aAAayr], QVIUTPOCWIEUOUV €Vl KOLWVO TIOU TPOOEyylleTal eUKOAX HECW TWV
oXoAeiwv kal elvat avapudLofritnta kaAUtepa eEoMALOUEVA YA voL TTAONYNBoUV 0To LEEOAOYIKA
dopTlopévo BEpa TNG KAMATIKAC OAAQYNG HE TIC TMOAQLOTEPEG YEVIEC HE TPOTOUC TIOU
gunvéouv dpaon. Emiong, umdpxetL eupeia cuvaiveon PETAED TWV ETLOTNUOVWY OXETLKA ULE TOV
EMelyovTa XapaKIApa TtTNg dpAcnG KAtA TNG KALMATIKAG aAAaynG. MOANEG EMUMTWOELS TNG
KALLOTIKAG 0AAQYN G £XOUV TEKUNPLWOEL EMAPKWC TLG TEAEUTALEG SEKOETIEG: YLO TAPASELY A N
avénon tng Bepuokpaciag, N avénon g aAaToTNTAS KoLl TNG 0IVIONG TWV WKEAVWVY KAl N
auénon tng Beppokpaciog twv Balacowv (IPCC, 2014). Akoun, e€eTAleTal 0 pOAOG TWV TINYWV
mAnpodopnaong, W8lwg TG tnAedpaong mou avadelxbnke wg n kuplapyn mnyr, evw Kot n
CUMUETOXN o€ poypdppata MeptBaAovtikng Eknaidevong dpaivetal va eivat évag kpiolog
mapayovtag, kabwg £xel copwe EMNPEACEL TIG LOEEC TWV HaBNTwV pe BeTIkO Tpomo (Liarakou
et al., 2011).

2. YAIKA KAl MEOOAOAOTIA

H épeuva 61e€nxBn otic tpelg taelg tou 12°° Aukeiou Matpog Kol €ixe wg okomd TNV
e€epelivnon TWV YVWOEWV TAVW Ot Bfpata TNG KAMATIKAG aAAayng OAAA Kal TuxXov
TIPAVONOEL TTAVW OTO BEPa auUTO. To €PWTNHUATOAOYLO CUUTMANPWONKE NAEKTPOVLKA OTO
gpyaotniplo MAnpodopLKnc, 6TNV avIioTolXn WE Tou Ladnuatog. A6BnKe oTtoug HabnTEg TNG
A, Tng B’ kattng I ta€ng tou 12° Aukeiou Natpag o cuvoAikd 310 HaBnTEg amo Toug omoioug
QMAVTNOoAV TO EPWTNHATOAOYLO oL 150 pabntég e moocootd cueToXAG 48,40%.

To epwTNUATONOYLO €ixe OUVOAIKA 31 £pwTNOEL o TIG Omoieg ol 6 ATav dnuoypadLkou
turou (pUMo, oxoleio, Tan, nAkia, epyaocia matépa, epyacia PUNTEPAG), VW QTO TIG
UTTOAOLTTEC 25 EPWTNOELG, OL 2 TIPWTEG NTAV ATIO TNV EPEUVITPLA KOLL OL UTIOAOLTTEG 22 EPWTNOELS
anod £peuva tou 2011 mou adopoloe oe B' BaBuia Eknaibeuon (626 poabnteg nepldpEpelog
Notiou Awyalou). Aev mponynBnke kauia evnuépwaon mPog Toug Hadnteg, ovte SLdaxBnkav
KATIOLO OXETLKO SLOAKTIKO QVTIKELUEVO avopOopLKA e TO BEpa AUTAC TNG EPELVAC.
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EpwtiosLg ANAVTACELS TWV HaBNnTWV
1. ZxoAeio | 120
mou AUKeLO
dortag MNatpog

(100%)
2. ®oAo Ayopt Kopital MpoTww va

(36%) (54,7%) pnv w (9,3%)
3. HAwiaa | 15 etwv 16 eTwv 17 etwv (16%) | MpoTiuw va

(36,7%) (36,7%) KNV 1w

(10,6%)

4.Titagn | A' Aukeiou | B' Aukeiou | I'" Aukeiou
nag; (40%) (43,3%) (16,7%)
5. Tl Anpoolog | 18wTIkOC EAeUBepocg Juvtaglouxog | Avepyog | AAAO
6ouAela umtaAAnAog | umtdAAnAoc | emayysAuatiag | (2%) (5,3%) (9,4%)
KAVEL O (25,3%) (26%) (32%)
TATEP QLG
oou;
6.Ti Anuootog | 16lwTKoG EAe0Bepocg Juvtaflouxog | Avepyog | AAo
SouleLd UTtAAANAOG | uAAAnAog | emayyeApatiag | (2%) (19,3%) | (5,4%)
KAVEL N (28%) (32%) (13,3%)
HNTépaL
oou;

Mivakac 1 Epwtroslg Anuoypapikou Tumou

ATO TIC QMAVINOEL TWV EPWTNOEWV dnuoypadlkol TUTOU Ttapatnpesital mwe ot
TEPLOOOTEPOL ATtO TOUG LOONTEG TTOU ATIAVTNOAV OTO EPWTNATOAOYLO RTAV Kopitola
(54,7%), evw ta ayopla (36%) akoAouBouv. H nAtkia twv padntwv kupaivetat and 15
€W¢ 16 ETWV KUPLWG, EVW UTIAPXEL EVOL TTOCOOTO TIOU €ival 17 €Twv A TPOTIUAEL va. NV
niel. OLneploootepol pottouv otnv A’ (40%) kat B’ (43,3%) ta€n tou Aukeiou. OLyoveig
Soulelouv Kuplwg we EAsUBepol EmayyeApatiec (matépag 32% kat puntépa 13,3%), wg
ISlwtikol YrtaAAnAoL (rmatépag 26% kat pntepa 32%) kal wg Anupoaciot YraAAnAol
(matépac 25,3% kal untépa 28%).

EpwTtRoELg

ATOVTNOELG

AnpoTKO);

1. EXELC CUUUETAOYXEL OE
TEPLBAANOVTLKA TTIPOYPAUOT
(o€ mponyoUuueveg TALELG TOU
Aukeiou, oto lMuuvaocto r oto

Naw (70%)

OyxL (30%)

2. H kAot aA\ayn emdpa
oto mepLBaAAov rtou {oUE;

Nouw (88%)

Ox1(3,3%)

Aev
EEpw
(8,7%)

Mivakac 2 Epwtroeig 1 kat 2
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Itnv epwtnon 1, «EXELC CUMUETACKEL O TIEPLBAANOVTIKA TIpOoypappaTa;» To 70% Twv
HOONTWV aMAVTNOE MWE ELXE CUUUETAOXEL Eava oTo mapeABov evw to 30% amavinos
WG 6eV €XEL CUUPETAOKEL 2TV 2N £pWTNON To 88% TWV LAONTWV AmavInoayv nwe n
KALLoTikn) aAAayn embpd oto meptBaAlov mou {oupe, evw To uTtdAouto 3,3% nwg Sev
emudpa kot wg Sev yvwpilouv kata 8,7%.

LETPLAOUO TOU daLvopévou Tou Beppoknmiou.

A/A|Epwtioelg (*Me évtovo xpwpa enonaivovtal oL cwoteg| Zwoto/ [Zwotd  |AdBog
OIOLVTAOELG) NaBog |(%) (%)

3  |Tatelevtaia xpovia n pEon maykoouLa otabun tng b2 82,00 18,00
Bahaooag avePaivel

4 [To dawopevo tou Bepuoknmiou dev Ba emidpépel ahhaysg A 16,00 84,00
OTNV TAYKOOLO TTapaywyn Tpodipwy

5 |Hxpnon tng nAlakng evépyelag emMSEVWVEL TO aLvopevo |A 58,70 41,30
Tou Bepuoknmiou.

6 |To duoikd agplo v cUPPAAAEL oTnV emLdelvwan Tou A 62,00 38,00
dawvopévou tou Bepuoknmiou.

7 |Hxpnon udpoyovou wg mnyng evepyelag dev emdevwvel | 54,70 45,30
TO paLvopevo Tou Beppoknmiou.

8 [H kataoctpodn tng otifdadag tou 6loviog embelvwveELTO  |A 83,30 16,70
dawvopevo tou Bepuoknmiou.

9 [H atoAwkn evépyela Ba cUPBAAEL OTNV KATAMOAEUNON TOU |2 64,70 35,30
dawvopévou tou Bepuoknmiou.

10 |H xpnon texvntwv AUaopatwy (ou €xeL PpTiatel o A 67,30 32,70
avBpwmog) avéavel to Slo€eidlo Tou avBpaka otnv
atpoodalpa

11 |OLAOQUITAPEG TTUPOKTWOEWG TIOU ELXAME TTAALA oTa oTtitior |A 49,30 50,70
e€olkovopoUV eVEpYEL

12 |H tnAeodpaocn Sev katavaAwvel evépyela otav eivat A 34,70 65,30
QTIEVEPYOTIOLNLEVN LE TNAEXELPLOTNPLO.

13 |To 8lo€eiblo Tou avBpaka eival agpLo mou €xeL CUUPBAAEL |2 75,30 24,70
otnv endeivwon tou dalvopévou Tou BepuoknTiou

14 |Ta tehevtaia xpovia, N mayokaAudn Twv 800 TOAKWY A 41,30 58,70
TLEPLOXWV TNG MG €xel av€nBel

15 |To ¢pawodpevo tou Beppoknmiov dev Ba 06nynoeL o A 32,00 68,00
LETATOMLION TOU avBpwrivou MAnBuaouoL.

16 |Ta agpla Beppoknmiou UTAPYOUV E6W KaL Eva b2 57,30 42,70
EKATOUUUPLO XpOvia cUUPBAaAAovTag otn dnpoupyia {wn .

17 |To nmpwtokoAlo tou Kidto adopd tn pelwon Twv aspiwv |2 59,30 40,70
Bepuoknmiou.

18 |Mia amo TG EMMTWOoELG Tou daLvopévou Tou Bepuoknriou |2 78,70 21,30
Ba eival n epdavion véwv acBevelwv

19 |Me 1o népacopa Tou XpOVou, N HECH TTAYKOOULA 2 81,30 18,70
Bepuokpacio avdaveratl

20 |OLavavewolueg tnyEg evépyelag 6ev cUPBAAAoUY oTov A 33,30 66,70
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21 |H auv€avopevn cuxvotnta epdaviong Kopkivou Tou A 71,30 28,70
Oéppuarocg ta teAeutala xpovia odeidetal oto palvopevo
Tou Beppoknmiou.

22 |A\6yw tou patvopévou Tou BepuoknTiou, Ta akpaia 2 78,70 21,30
Kalplka dalvopeva eival moAv mbavo va yivouv
OUXVOTEPA KaL EVIOVOTEPQ

23 |Yrapxetl avénon tou Sloeldiou Tou AvBpaka otnv b2 80,70 19,30
atpoodapa AOyw TG KaoNnG OPUKTWY KAUGIUWV.

24 |H xpnon tTwv SnUOcLwV CUYKOLWVWVLWV UIMopel va CUUPBAAEL |2 71,30 28,70
OTOV UETPLACUO Tou dalvopévou Tou Beppoknmiou.

Katnyopla: A=Autieg, E=Emunmtwoeig, A=AUoELG
lMivakacg 3 Epwtnoelc amo 3 ugxpt kat 24 kat anavtnoelg pabntwy. * Me gvtovo xpwpa ameikovidovtat ot
OWOTEG amavtnoelq.

Ztov mivaka 3 BAémoupe oe pBivouoa oelpd TAVOUNONG TO TTOCOOTA HE CWOTEC
QMAVTrOeLlG o€ €vtovn popdomnoinon. OL EPWTACELS HE TIG TILO TTOANEG AaVOAOUEVEG
QTAVTNOELG €lvalL oL EpWTAOELS 8 pe ooooTo 83,30%, n 21 pe moocootd 71,30%, h 10
LLE TOC0OTO 67,30%, N epwtnon 6 e mMocooTto 62,00% kal n 5 pe mocooto 58,70%.

Ytov mivaka 4 1o katw, s€etalovtol ol SladOopEC MOU UTAPXOUV OVAUECSA OTLG
OTTAVTIOELG, TIOU £lval CWOTEC Kal Ttou Sivouv oL pabntég to 2024 os OXEON ME TIG
OWOTEC ATMAVTAOELS TTou €dwoav ol pabntéc to 2011. Mapatnpeital dtadopd Twv
QMAVIACEWV TWV HaBnTtwv Tng €peuvag tou 2024 pe autoug tou 2011 otnv epwinon
19 katd 66,41%, otnv epwtnon 22 katd 66,29%, otnv epwtnon 18 kata 53,17% otnv
gpwtnon 3 katd 52,57%, otnv gpwtnon 23 katd 48,79%, otnv gpwinon 13 katd
47,64%, otnv gpwtnon 24 katd 26,26% kol otnv epwtnon 9 katd 16,12% evw
avtiBeta, BAEMOUUE WG OTNV EpWTNON 17 AMAVTAVE CWOTOTEPA oL HaBntég tou 2011
Kata 4,18%, otnv epwtnon 7 kata 7,71% kat otnv epwtnon 16 kata 9,37%.

ANavtNoEeL
Ma6éntwv
Awadopa
Zwoto Zwoto TIOGOOTWVY
2024 2011 peTagL TOu
Swoto/ |Nocootd |[Mocootd |2024 ko
A/A | EpwTtriosLg NdBog |% % Tou 2011
Me to mépaopa Tou XpOvou, N LECN TTAYKOOULA
19 |Bepuokpacio avfavetat b2 81,30 14,89 66,41
Aoyw tou dpatvopévou tou Bepuoknmiouv, Ta
oKkpalo Kaplka ¢palvopeva ivatl moAu mbavo va
22 |ylvouv ouyvotepa Kal evtovotepa b2 78,70 12,41 66,29
Mia amno TI¢ EMUTTWOELS ToU GOLVOUEVOU TOU
Beppuoknmiov Ba sival n epdavion vEwv
18 |aocBevelwv 2 78,70 25,53 53,17
Ta tedeutala xpovia n Héoh TaYKOoULA oTABUN
3 |tn¢ Balaocoac aveBaivel b2 82,00 29,43 52,57
Yrnidpxet avénon tou Slofeldiou Tou avBpaka
otnVv atpocdalpa Aoyw TG KAUGNG OPUKTWV
23 |kovoipwy. 2 80,70 31,91 48,79
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To 6lo€eiblo Tou avBpaka eival agplo mou €xet
oupBaAeL otnv emdeivwon tou dalvopévou Tou

13 |Bepuoknmiov b2 75,30 27,66 47,64
H xprion Twv SnUOCLWY GUYKOWVWVLWY UTTopEL va
CUMPBAAEL OTOV HETPLAOUO TOU PALVOUEVOU TOU
24 |BepuoknTiou. b 71,30 45,04 26,26
H atoAikn evépyela Ba cupPBAAEL oTtnv
KaTamoAéunon Tou GpavouéVou Tou
9 |[Bepuoknmiou. 2 64,70 48,58 16,12
To mpwtokoA\o tou Kioto adopd tn pelwon twv
17 |aepilwv Beppoknmiou. b2 59,30 63,48 -4,18
H xprion udpoyovou we mnyng evépyelag dev
7 |embewvwvel To patvopevo tou Beppoknmiou. h2 54,70 62,41 -7,71
Ta aépla Beppoknmiou umAapxouv 6w Kat Eva
EKATOUHUPLO XpOvia cupBaliovtag oth
16 |Snuoupyia {wAG. b2 57,30 66,67 -9,37
Awadopa
AaBog NAaBog TTOGOGTWV
2024 2011 HETAEL TOU
MNocootd |Mocootd |2024 kot
A/A |Epwtnoelg % % Tou 2011
OL AOUTTTHPEC MUPAKTWOEWG TIOU El}OE TLOALA
11 |ota omnitia e€olkovopoUV evépyeLa A 50,70 42,90 7,80
H xprion texvnTwv Autacpdtwy (mou €xetL priaget
0 avBpwmog) auéavel to Slogeiblo Tou avBpaka
10 |otnv atuoodatpa A 32,70 28,37 4,33
To ¢uoikd aéplo Sev cupPaliet otnv emideivwon
6 |tou dalvopévou tou BeppoknTiiou. A 38,00 34,75 3,25
OL avaveWOLES TTNYEG eVvEpYeLaC Sev
GUUBAANOUV OTOV HETPLOCHUO TOU PaLVOUEVOU
20 [tou BepuoknTtiou. A 66,70 64,18 2,52
H kataotpodr g otipadag tou 6lovrog
8 |embevwvel To patvopevo tou Beppoknmiou. A 16,70 15,25 1,45
To dpawvopevo tou Beppoknmiou Sev Ba emudépet
4 |aMayEg otnv maykoopla mapaywyn tpodipwy A 84,00 82,62 1,38
H av€avopevn cuxvotnta epudaviong Kopkivou
Tou &€puatog ta TeAeutaia xpovia odelletal oto
21 |dawdpevo tou Bepuoknmiou. A 28,70 27,66 1,04
To ¢awvopevo tou Bepuoknmiouv ev Ba 06nynoet
15 |oe petatomnion tou avBpwrivou MANBUGHOoU. A 68,00 76,60 -8,60
H xprion tn¢ nALakng evépyelag ETLSEWVWVEL TO
5 |dawopevo tou Bepuoknmiou. A 41,30 57,09 -15,79
H tnAedpaon Sev katavalwveL evépyeLa OTav
12 |elval amevepyomolnpuévn He THAEXELPLOTAPLO. A 65,30 87,23 -21,93
Ta tedevtaia xpovia, n moayokaluyn Twv Svo
14 |moAwKwvV ePLOXWV TNG ¢ £xeL avénBei A 58,70 86,17 -27,47

Mivakac 4 Artavtioeig pabntwv to 2024 kat to 2011 kat dtagopd mMooooTwy TwWV anaviioewv
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Ao TV AAAN TIAEUPQA, OL CUHUETEXOVTEC OTN £pguva Tou 2011 amavtouVv Mo cwoTtad
otnv gpwtnon 11 kata 7,80%, otnv gpwtnon 10 katd 4,33%, otnv £pwtnon 6 Kotd
3,25%, otnv epwtnon 20 katd 2,52%, otnv epwtnon 8 katd 1,45%, otnv epwtnon 4
kata 1,38%, kot otnv epwtnon 21 katd 1,04%. Télog, PAEMOUUE va amavVIAvVE
kKaAUTepa oL padnteg tou 2011 otnv gpwtnon 15 katd 8,6%, otnv epwtnon 5 katd
15,79%, otnv epwtnon 12 katd 21,93% kat 1éAog otnv gepwtnon 14 tn peyalutepn
Sladpopa kata 27,47%.

Mnyn nAnpodoplwv Anavtioelg | Anavinoelg | Atadpopd mocootwv petald
yla TNV KALLOTIKN 2024 2011 2024 kat 2011 (MNocooto %)
aAAayn: (Mocooto (Mocooto

%) %)
Awadiktuo 84,00 -
Kwntd tnAédwvo 64,70 ---
Zuykekplpéva BLBAla 41,30 11,35 29,95
2xoAeio 67,30 46,10 21,20
SUINTAOELC pe 46,00 38,30 7,70
ouvounAikoug
Ednuepideg 40,70 37,27 3,43
MepLodika 25,30 42,91 -17,61
TnAeodpaon 68,00 87,23 -19,23

MMivakag 5 MNnyg¢ mAnpogopnoncg pabntwy to 2024 kat to 2011

OL paBntég, omwg PAEMOUUE oTOV Tilvaka 5, MPpWTIOTWG €vnueEpwWVOVTOL QMO TO
Slabiktuo (84%) kal peéow kvntoL TnAedwvou (64,70%). Katdmiy, EvnUEPWVOVTAL TILO
oAU amod ouykekplpéva BLBALa oe oxéon Ue Toug pabntég TG €peuvag tou 2011 pe
pLa Stapopad tng taéng tou 30%. ATO TO GXOAELO EVNLEPWVOVTOL TILO TIOAU OE TOGOOTO
21,20%, evw avtiBeta 6ev evnuepwvovtal amo meplodika (-17,50%) kat tnv
tnAeopaon (-19%) oe oxéon pe to 2011.

4. 2YMMNEPAZMATA

OL yoveig (avdpeg) epyalovtal wg eAevBepol emayyeApatieg, Wbwwtikol  dnuoaoiot
UTIAAANAOL KUPLWC, VW oL yuvaikeg epyalovtal we WSlwtkol | dnuoactot umaAAnAot
Kuplwg, 1 eivat avepyeg.

BAEMOUUE WG OAEPA OL LOONTEG YEVIKA €XOUV TIEPLOCOTEPEG YVWOELG TTIAVW OTO
B£pa NG KALMATIKAC oAAaynC omo OTL ol padntég tou 2011. Katéxouv kamola
OTOXELWSN YVWON KAl EVALEPWVOVTOL TILO ARECO Ao OTL 13 xpovia mpLv Adyw TG
TEXVOAOYLKNG €EEALENG KAl TNG XPONC TOug SLaSIKTUOU amo UIKPH HOALG nAKia Kot
aoxolouvtal peE Ta Kaipla mpoPfAnuata tou KOopou poG. H kAwpatikn oAlayn
ennpedlel to mepBAaAAov mou {oUPE Kal oL HoBONTEG, TIOU OL TEPLOCOTEPOL EXOUV
OUMUETAOXEL O€ TEPLBAAAOVTIKA TtpoypAppata, Seixvouv va To €0UV KATOVONOEL.
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A0 TG 22 epwTNOELG TwV SV EPEUVWY, OL LOONTEC TNG €peuvag Tou 2024 amovtouv
YEVLKA TILO OWOoTA o€ MANRB0¢ anaviioswyv. Auto odpelleTal 0TO YEYOVOC OTL OL LABNTEG
™G €peuvag Tou 2024 €Xxouv AUECH EVNUEPWON HECA QIO TA KLVNTA TOUG ThAEdwva
Kal tn xprion tou Stadiktvou katL mou dev udiotato to 2011.

Emedn) ot avtiAqPelg ya tnv KAotiky oAlayr) ota modld ¢aivovral va pnv
ennpedlovtat and to TMOALTIKO TAaiolo oto omoio StaBlovyv, punopel va eivatl Suvato
vaL EUTVEUOOUV TOUG EVAALKEG TIpOG LPNAOTEPA emimeda avnouxiag yla to KAlpa Kat,
Kat' emektaon, ylia cuAAoyLkA dpdon. H cuppetoxn o€ mpoypappata NeptBaAAoviikig
Exnaidevong daivetal va eival évag kplowwog mapdyoviag, kabBwg €xel codwg
ETNPEAOEL TIC LOEEC TWV HOONTWV e BETIKO TPOTIO.
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H petatpor tou Eomtepivou Nupvaciou pe A.T. Mopyou oe
aelpopo oxoAeio
lewpyiou lwavvng & Awartmn BaotAikn
Eomepwvo Mupvaoto pe Auketakég Tageic Nupyou

Email: giageorgioul @gmail.com

NepiAnyn

H mapoloa epyacia adopd tnv TMPOOTAOELD MUETATPOTNG €VOG «OUMUPBATIKOU»
oxoAeiou, Tou Eomepvou lNupvaciou pe A.T. Mupyou, oe aewdpodpo. Zto mMAaiolo tng
Aewtoupylag tou, To aeldpOpo oxoAeio epappoleEl MPAKTIKEG yla Tn HElwon tou
OLKOAOYIKOU QMOTUTIWHATOG, OTIWE N AVTIKATACTACN AQUMTHPWV Ue LED, n evioxuon
ToU ¢uowKol GWTIOUOU KOl AEPLOMOU, N HOVWON KTlplwv Kol n ouvtrpnon Twv
UTIOSOUWV TOU yla amoSOTIKI XPrion eVEpYeLlac. EMUTA£ov, TPOAYEL TRV avakUKAWON
He Kadoug avakUKAwong oe S1adopoug XWPOUC KAl TNV KATAPYNnon TAQCTIKWV
ouokevaolwyv. NapdAAnAa, Sivel otoug pabntég tnv gukatpia va avtiAndBoulv Tig
ETIMTWOELG TNG KATAVAAWONG KAL VA SLEPEVVICOUV EVAANAKTIKA TIPOTUTIO TTAPAYWYNG.

Me 6paoelg mou PBeAtiwvouv to TEPBAANOV pABONoNG Kol UELWVOUV TO KOOTOC
EVEPYELAG, TO OXOAElo KaAALepyel oTOUG EVAALKOUG Kol aVAALKOUG HaBnTéG Tou TtV
niepBarlovtikn) evatoBbnoia kot Toug kablotd untevBuvoug moAiteg. Tautdxpova, To
oXoAeio mpoodépel otnv KovoTnTa €vav Adyo uttepndavelag kat Otel ta BepeALa yLa
™ Slopopdwaon evog KAAUTEPOU UEANOVTOC YL TIG ETOMEVEG YEVIEC. JUVOALKA, TO
oeldpopo oxoAeio MpowbBEel TN CUCTNULKA KOl SLETILOTNHOVIKA TPOCEYYLON YLOL TV
KaTavonaon tng oXEong avlpwrou, Kowwviag Kot pUonG, EVW EVOWUOTWVEL TIPAKTIKEC
TIOU EUMAEKOUV EKTIALSEUTIKOUC, HaBNTEC Kal yoveig o kowvy dpdon. H oAlotikn
T(POCEYYLON TOoU CUMBAAAEL oTNV KaAALEpYELa aflwv aeldopiag Katl kaBlotd to oxoAeio
gvav popea Kot mapadelypa BLwolung avantuéng.

NEEeLg KAeLOLA: AsldOpo oxoAeio

Ewcaywyn

2tn 61eBvn opoloyia yla tnv «Astdopia» avadépetal o 0pog «sustainability». O 6pog
«sustainable» otnv ayyAwn yAwooa avadépstal o pla Stadikaoia o pubuog tng
omolag pémnet va dtatnpnBel. ZnuactoAoyika n asidopia avadEpeTaL oTNV LKAVOTNTA
OTIOLWVONTIOTE CUOTNUATWY, TPOKTIKWY KOl TIOATIKWY, va Slatnpouvtal Kol va
Aettoupyouv oto Sinvekég (Throsby, 1997 OAoyaitn, 2011). Ztnv anodoon tou 6pou
0T EAANVIKA XPNOLUOTIOLOUVTAL TAUTOoHMA oL Opol «aeldpopia» Kol «BLwoluotnTa»
(Anuntpilou, 2009 ° Pokog, 2003 * ®Aoyaitn 2011). Katd tn Anuntpiou (2009), n
aslpopla €xeL WG OPOG pia 1o €viovn TEPLPAANOVTIKN XPOLd, VW N PBlwolpdtnta

daivetatl va AsIToupyel MEPLOCOTEPO UE HLO TIPAKTLKY), SLAXELPLOTIKN AOYLKA.
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H évvola tng aslwdopiac otoxeVeL 0 £va HOVTEAO Kovwviag mou Slakpivetol anod Tig
afleg ™G OWOAOYIKAG KoL KOWwwVIKAG OSlkatoolvng, TG aAAnAeyyung, Ttng
OUAAOYLKOTNTOC KoL TNC Snuokpatiog, mpooPBAEnovtag otov uneUBbuvo Kal evepyo
ToAitn wg Baokd ocuvtedeotn yla T dnuoupyia twv npoinobécewv pLag asidpopou
kKowwviag (Sauvé, 1999 ®Aoyaitn, 2006° Alapdakou & DAoyaitn, 2009).
Jupdwva pe ta IUCN, WWF & UNEP (1991) yia va XapaKTtnploTel (o Kowwvia
aelpopikr Oa IPEMEL VAL LKAVOTIOLEL LAl OELPA ATTO KPLTAPLAL:
e O oegBaopog kat n ppovtida yia Tnv Kowotnta tng {wnc (avopwnwv Kot
AAAwvV popdwv {wng)
e H BeAtiwon tn¢ mowotntag {wng Twv avlpwrnwy
e H Swatpnon g {wng Kat TG MOLKIAOTNTAG TNG VNG
e H glaylotonoinon tng e€AVIANONG TWV LN AVOVEWGCLUWY TTOPWV
e H Swatnpnon g p€pouoag Lkavotnta TnG yng
e AA\OYH TIPOOWTILKWY OTACEWV KAl TIPOKTIKWY
e Hmapoxn tng duvatotntag otig Kowotnteg va Gppovtilouv to SL1kO Toug
niepBailov
e H mapoxn evog eBvikoU MAOLOLOU YLOL EVOWHATWON TNG AVATTUENC KoL
NG mpootaciog
e HodpupnAdtnon pLag maykooULOC oUHpaxiag.
H Aswdopia umootnpilel Tnv avamtuén He OPOUC KOLVWVLKOUG KOl OLKOAOYLKOUG TNG
KOLVWVLKNC SLKOLooUVNG KAl TNG EVEPYOU OUUUETOXNG TWV ATOUWVY oTa TIEPLBAANOVTIKA
Spwpeva (Anuntpiou, 2009). Eivatl piiar avamtuén, KOWWVLKA KOl OLKOVOULKA BLwaotpn,
TIOU YLOL VOl KOTOLOTEL SuvaTh TIPEMEL KATA TNV KAAUYN TWV aVAYKWV TOU avBpwrou va
Aappavovtat unogn ta amoBépatra oe ¢GuolkoUg TOPOUC KoL n emidpacn NG
avamntuéng oto Ppuolkd, KOWWVIKO KAl OLKOVOULKO TIEPLBAAAOV TWV GUYXPOVWV Kal
HEAAOVTIKWY KOowwViwv (Anuntpiou, 2009, 2005). Eival supfwg omobeKTO OTL N
Aglodopia eival tplobidotatn: mepBalAovTikr, KOWWVLKA Kal olkovoulkr (Gough,
2002" Giddings et al, 2002° UNESCO, 2009)
O nuAwvag MeptBdaAlov nepthapfavel oTpatnykég, mou adopouv otn dlatripnon twv
dUOLKWV TTOPWV Kal TNV eMidpoon Twv avBpwmvwv SpacTnpLOTATWY Kal anodAcEwWV
oto meptBailov (UNESCO, 2005). Avalntd tpomoug Slatipnong, mpootaciog Ko

OTTOKOTAOTOONG TOU PUGCLKOU AIOBEUATOC KOL TWV OLKOCUOTNHATWY, KABw T Bewpel
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HEPOC TNG KANPOVOULAG, Tou Ba mpemel va mopadidetal otic HEAAOVIIKEG YEVIEC
(WCED, 1987). z& meptBailoviiko eminedo n Biwopotnta e€aodpalilel Tn npootacia
™¢ $puvonc kal TNV opBoloyikn xpron tng, mou Sev YIVETAL AVTIANTT TAEOV WG
aveAvtAntn mnyn mopwv. Me tnv erubdiwén tng mepBaANOVIIKAG OKEPALOTNTAG, WG
MUAwva tng aslpopiag, dtaopaAiletal otL ol avBpwrivec dpaoctnplotntec de Ba
KATaoTpEPOoUV Toug PuCLKOUC MOpoUG Tou TtAavitn (Bansal, 2005).

H kowwvikn &ldotaon tng oaewpopiag mpolmoBeTel OTL N OLKOVOULKA  Kal
nieplBaAlovtiky Sldotacn TMPEMEL va gppnvevovtal AapBavovtag umoyn Kot
KOWWVLKOUG Ttapdyovtes. H apxn tTng mpoAndng adopd Tn yvwon TwvV CUVETIELWY OTO
nieplBailov and avBpwrniveg Spaotnplotnteg (Anuntplou, 2009). O MUAwWvVOC TNG
Kowwviog mepthapufavel otpatnykég, mou adopolv Ta avipwriva Sikalwpata, TV
lootnta, tn Slkaoouvn, TNV €Lprvn, T SNUOKPATIO, TNV KOWWVIKN gunuepia, TNV
vyeia, tn StamoAwtiopkn katavonon (UNESCO 2005). 2tdx0g Tou KoWwVIKoU TUAwva
¢ BLwolpoTnTag amoteAel n StaopaAion OtL OAa ta HEAN TNG KOowwviag £xouv (on
npooBacn oe MOPoUC Kal eukalpieg (Bansal, 2005). Eva Kowvwvikd BLwolio cuoTnUa
Ba npenel va gfaodalilel katavoun tng Swkatoouvng, €AW Twv AVICOTATWY
(melva, pTwyeta) Kol mpokataAnPewy, EMAPKELG KOWWVIKEG UTtNPECieg (ekmaibevon,
uyeila), va evBappUVEL TN CUMUETOXA KOL TNV AVATTTUEN KOWWVLIKWY S€ELOTATWY, WOTE
Ta atopa va {ouv Kal VO VOITTUOOOVTAL OE £Va UYLEC Kal aopaAég eplBaAiloy, va
OUMMETEXOUV 0TN AP anoddoswv kat va avalappdavouv dpdon yia tn BeAtiwon tng
{wng, wg evepyol moAitec (UNESCO, 2005). Z& kowwVLKO emtinmedo n asipopia mpowOel
TNV avamtuén Twv KOWwVLWV oTnV €niteuén tng mootntag {wng Ue BLwoLo TpoTo.
Juvelopépel OTO TOTUKO TePBAANOV  ouvepyAleTal HE TOTUKEC KOLWWVIEC
umootnpifovtag TNV Kowwvikn dpactnplotnta, tnv aAAnAgyyun kat Tov eBgAovtiopd
(WCED, 1987).

O muAwvag Owkovopla gotlidlel otnv svatcOntonoinon avadoplkd HE T OpLO TNG
OLKOVOWLKAG HEYEBUVONC KaL TIC EMUTTWOELG TOUG OTNV KOWVwVia Kal oto epLBaAloy,
KaBwe Kol OoTNV avAyKn EMOVATPOCSIOPIOUOU TWV TIPOCWTIKWY KAl KOWWVIKWV
erunédwv katavaiwong (UNESCO, 2005). H owkovouikny Sidotaon tng Aesidpopou
Avantuénc mep\apBAVEL TNV  OWKOVOULKN) avamtuén o€ LooppoTia HE TOV
TeEPLBAANOVTIKO KOl TOV KOWWVIKO afova. H avamtuén plog olkovopiag, mou Oev

OTIATAAG TOUG PUGLKOUC TTOPOUG, TIOU OELOTIOLEL TIC AVAVEWOLLEC TTNYEG EVEPYELAC, TIOU
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LKAVOTTOLEL TLG BACIKEG AVAYKEC TWV avOpWTTWY XWPLC Vo KATAoTpEPEL To epBaliov
elval pepkol amod Toug 0TOXOUG TNG OLKOVOULKAG Blwolnotntag. Emikevipwvel otnv
amoteAsopatikn Slaxeiplon Twv puokwy MOpwv, e€eTalel LOVTEAD TTOPAYWYNG KoL
KatavaAwong, dnpoupyel eukatpieg amaoxoAnong, UTooTNPLTEL TNV TOTIKI OLKOVOULQ
KOl OPYOVIOUOUG, €VIOYXUEL TNV TIAYKOOULO EUNMEPLA KAl TNV LOOTLUN OLKOVOULKN
avamntuén ywo 6Aoug.

H Slemiotnuovikn mpoogyylon anoteAel Tov akpoywviaio Aibo yla tnv ebappoyn Twv
opxwv NG aslpopiag. Méow tng cuvduaopévng Spaong o OAOUG TOUC TOMEIC —
TEPLBOANOVTLKO, KOLWWVLKO KOL OLKOVOULKO — Slapopdwvetol €va 0AOKANPWUEVO
HLOVTEAO OVATITUENG TTOU VTOTTOKPIVETOL 0TI OUYXPOVEG TIPOKANCELG TOU 210U atwva
H cuvexlopevn empopdwon Kol EVUEPWON TWV TTOALTWV yLa TLE TIEPLBAAAOVTIKES KoL
KOWVWVLKEC TIPOKANCELG, 0 CUVOUAOUO LE TNV QVATTTUEN TEXVOAOYLWY TIOU TTPOAYOUV
NV anodoTKOTNTA KAl TNV €€olkovounaon mopwv, kablotouv duvatr tnv ulomoinon
€VOG TIPAYUOTIKA BLWOLUOU HEANOVTOC

JuvoAlkad, n aelpopia opiletal w¢ pLa oAokAnpwpévn dhocodia avamtuéng mou
anattel cuvtoviopévn dpaon amo OAoUC TOUG TOUELS TNG Kowwviag KoL TNV edapuoyn
SLETOTNUOVIKWY OTPATNYLIKWY, TIPOKELUEVOU Va eTITEUXOEL pla appovikr cuviTapén
avOpwrvwyv SpaoTtnPLOTATWY HE TO GUOLKO TIEPLBAANOV. AUTH N IPOCEYYLON AMOTEAEL
TMPoUMOOEDN yLa TNV OVTIUETWITILON TWV TOYKOOULWV TIPOKANCEWV Kat tn StaodaAion

NG LOKPOTIPOOECNG EUNUEPLAG KOL TNG BLWOLUNG avarmTuéng

H €vvola tou aswdpopou oxoAeiov

O poAog ¢ ekmaibevong yia tnv Astdpopo Avamrtuén emiPeBalwdnke o€ po oepa
€OVIKWV kot SleBvwv dlaokePewv mou opyavwOnkav and tov OHE (Kwtolog, 2010
MNanadnuntplou, 2006). O 6pog «aelpopo oXoAsio» avadEPETOL O EKMALOEUTIKA
&pupaTa IOV ULOBETOUV €val OALOTIKO HOVTEAO AELTOUPYIAG, OTO OTOLO OL APXES TNG
asldpoplag evowpatwvovtol o OAa ta enineda — amo tnv ekmatdeutiky Stadikaoia
Kol TO SLOAKTIKO MpOypappa €wG Tt Slaxeiplon Twv GUOLKWV TTOPWV KoL TN CUUMETOXN
¢ kowotntag (UNESCO, 2017 ©~ OECD, 2015). To asiwdpopo oxoAsio edpalstal otnv
KPLTLKN TtodaywyLkr), 0Tn CUVEPYACLA, OTNV EMLKOWVWVIA KAl OTNV EVEPYO CUMUETOXN
OAWV TWV EUMAEKOUEVWY OTNV KABnUepvy oxoAwKn {wr Kol OKOTEeUEL OTNV Apon

KUPLOPXLKWV Kal LEPAPXLKWV oxEoswV (KaAaitlidng, 2013). Eival éva oxoAsio, To omolo
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€VIOYXVEL TOV TIOALTLOMO Kal TipowBel to meptBaiAov, Spa e GKOTIO TN SnUoKpaTia Kt
Ta avOpwrniva dikalwpata, cURBAAAEL 0TNV KOAALEPYELO SNULOUPYLKWV KoL EVEPYWV
noArtwv.” Eva oxoAeio, 6mou oAot Staxelpilovtat astdpopika Ta Kowa Toug Bpata, Ue
opadikotnta Kat cuvepyaoia (TpikaAitn, 2014).

H meptBarloviikn) didotaocn tou asldpopou oxoAeiou ekdNAWVETAL pECO QMO TNV
edpappoyn MPACWVWY TEXVOAOYLWV KOl TIPAKTIKWY TIOU OTOXEUOUV OTn UElwon TG
EVEPYELAKNG KOTAVAAWONG, OTnV avakUKAwon kot otn Puwwolpn Slaxeipon twv
amoBARTWY. Méoa amd QUTEC TIG TIPAKTIKEG, TO OXoAsio Asttoupyel wg Iwvtavo
epyaotiplo  mepPLBaANOVTIKAG  pABnong, — evioxuovtag tnv  TEPLBAAAOVTIKN
gvualcOntomnoinon Kot kaBLoTWwVTaC TOUG HaBNTEG EVEPYOUG TTOALTEG YL TNV IipooTtacia
Tou ¢uoikoL nepfariovtog (2wtnpomovAou, 2014 * ZkoUAAog, 2013).

ErtutAéov, n kowwvikA Stactacn evog asldpopou oxoAeiou adopd tn Snuloupyia evog
nepBarloviog mou evOappuUVEL TNV LOOTNTA, TNV TIOAUTIOALTIOMKOTNTO KAl TN
OUMMETOXN OAWV TWV UEAWV TNC OXOALKNC KOLWOTNTOG. H EVOWHATWON QUTWV TWV
aflwyv EMITUYXAVETAL HEOW TOU TIPOCOPHUOOUEVOU  SLSAKTIKOU UALKOU, Twv
CUMMETOXLKWY Sltadikaotwv ANPYng amopAacewy Kol TG OTEVAG CUVEPYOOiag UE TIG
OLKOYEVELEC KOL TNV TOTILKA KOwwvio KaBw¢ ol pabntég ackouvtol pECA OO TNV
kaBnuepvn Lwn otn dnuokpatia Sta péocou tng automelBapyiag kat autoppuOuLong,
ToUu ogBaocpoul ota avlpwriva SKalwpata , TG mpowbnong tng WEag Tou evepyou
ToAltn Kol TNG €vepyol CUMMETOXAG otnv ekmatdeutiky Sadikaoia. (Ppavtly &
AnpomouUAou, 2014).

H owkovouikn ditdotaon, mapolo mou cuxva mapapeAeital, anoteAel avanoonaoto
HEPOC TOU OpLOHOU TOU aeldpOpou oxoAelou. H uUlOBETNON OTPATNYLKWV TIOU
€AQXLOTOTOLOUV T AELTOUPYLIKA KOOTN KOl TPOAYOUV TNV OTOTEAECUATIKA XPron
nopwv Staodalilel tn pakpompoBeoun BlwolndTnTd Tou Kat mapdAAnAa dnpoupyet
€va TepBAANOV TIOU €UVOEL TNV OLKOVOULKN avefaptnola Kol TNV auTtodlaxelpLon
(NwoAdou, 2019).

Yuvoyilovtog, o oplopoOg Tou aeldOPoU OXOAEIOU QVTLKOTOTITPIEL pia TTOAUTIAEUPN
¢oocodia mou amookomel otn cuvexr BeAtiwon kal kowvotouio oe kAOs TopEQ
Aettoupylag tou ekmaldeutikol W6pLHAToC. MEow TNG CUVOUACHUEVNG TIPOCEYYLONG
TWV TEPLBAANOVTLKWY, KOLWVWVIKWY KL OLKOVOLLKWY TIUPAMETPWY, TO aElPOpOo OXOAEi0

Slapopdwvel €va TPOTUTIO eKMOALSEUTIKAC aAAOYNG, TO OTMOLO €lval Kaiplo yla tnv
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enitevén g Buwolpng avantuéng os maykooulo eminedo. Auti N oAokKAnpwpévn
TIPOOEYYLON ETUTPEMEL TNV KAAALEPYELA €VOG €UPUTEPOU TAALOLOU yvwong Kal
gvalcOntomnoinong, to omoio amoteAel mpolmoBson yia T Stapopdwon €vog

HEANovTOG Omou N ekmaibeuon kat n aglpopia cuppasdilouv apuUoVIKA .

H nepintwon tov eonepwvov Nupvaciov pe A.T. MUpyou

Ye éva eomepwvd oxoAelo otnv EANGSQ, n edpoppoyr) Twv apXwv Tou aeldpopou
oxoAeiou umopei va petadpaoctel o€ PLa OELPA ATIO OTOXEUUEVEG SPAOTNPLOTNTEG KAl
UAOTIOLHOELC, OL OTTOLEG OXL LOVO aVaSELKVUOUV TO «KOLWVO £pyo» NG asldpoplag, ala
oUUBAANouV kat otn Stapdpdwon evog oxoAkoU mepLBAAAOVTOG TTOU €VIOXUEL TNV
KOWVWVLKI) OUVOXH, TNV KPLTIKA oKEYN Kot TN Buwotpn avamntuén. H Stapopdwaon tou
OXOA€lOU OTNV MPOOTTIKA TOoU aelPOPOU — TPACIVOU OXOAELOU aTALTEL EVEPYELEG TOCGO
oe eninedo maldbaywylkng Asttoupyiag 6co kal oe emninedo mapepPacewv oto
‘KEAUPOC’ TNG OXOAKN G HovadaG. MepLkEG amo TIG SPACELG TTOU OTOXEUOUV OE QUTNV
Vv aAlayn €ival kot oL TTopakATw:
+ Enavaxpnotpomnoinon — avakUKAwoNn UALKWV CUCKELAOLOC Kat GAAwV
TipolOVTWV.
e Evnuépwon kal gvatcOntomoinon pabntwv Kal TPOCWTILKOU yLa TO
{NTnua g Slaxeiplong amoppLUdTwy
e Anuwoupyla xwpou cUAAOYNC aVOKUKAWGLUWY UALKWY OTO OXOAElo Ot
ouvepyaoia pe pabntég kat ekmatdeuTikoug.
e Xwpog GUAAOYAG UTTOTOPLWV Kol NAEKTPLKWY CUCKEUWV.
e Anuwoupyla povadag mopaywyng compost amod opyavika UTTOAELpaTO
+ EfolkovOunon evépyeLog
e Evnuépwon kat gvatcOntomoinon pHabnTwv Kol TPOOWTIKOU yla TO
{ATNHA TNG XPrIONG EVEPYELAG
e Edappoyn cuCTNUATWY AVOVEWOLUWY TINYWV EVEPYELAG OTO OXOALKO
KTAPLO — TUAOTIKEG €POPUOYEG OMWG Yyl Tapddelypa n TomoBEtnon
nipoBoAfwv oL omoiol ¢poptilovral and GwToBOATAIKA OTOLXELO TIPOKELUEVOU
VoL HEVOUV QVOLKTOL Katd Tn SLAPKELD TNG VUXTAG, OVTLKABOLOTWVYTOG TOUG

napadoolakouc NAEKTPLKOUG TpoPOoAE(C.
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e FEAeyxoc Slappowv vepol oTo OXOALKO TeplBaAlov. Eméktaon tng

6paong kol 0To OTiTL TwV Hadntwv amnod toug idloug.
+ Yyela kat aodpdAela 6To oxoAkd TtepBAAIoV

e Evnuépwon kat gvatcOntomoinon pabntwv Kol MTPOOWTIKOU yla TO
{NTNUO TNG LYELOG Kal TNG aodAAELAC OTO OXOALKO TEPLBAAAOV.

e EVTOMIONOC MNYWV TIOU EYKUROVOUV KLvSUVOUG yla TV uysia Kal TV
aodalela kat AfPn LETPWV YLA TNV AVILLETWTTILOH TOUG.

+ KaA\épyela vEéwv SLatpodikwv ouvnBeLwy

e Evnuépwon kat gvatcOntomoinon pabntwv Kol TPOOWTIKOU yla TO
Ntnua g Statpodng. Atareéelg amo dtatpodoldyoug

e Avarmtuén kal epopuoyr) OXETIKWY EKTTALOEUTIKWY TTAPEUBACEWV PETQ
OTNV TN OE CUVEPYACLO LE TOUG EKTTALOEUTLKOUG

+ Kaliépyela Seflotitwy yia th AAPn amoddccwv Kal ouykpotnon

Spdoewv amnod Toug HaBNTEC — eKTIALOEVUTIKEG EDAPUOYEG

e Alapopdwon dpAcewv oTnV KOWOTNTA ylo TNV evaoBntonoinon tg
TOTUKNAG KOowwviag yla ta mePLBAAAOVTIKA TPOPBAAMATA KoL TOUG TPOTIOUG
OVTIHETWIILONG TouC. [Mpaypotomnoinon &evipopuTeUOEWY OF KAUEVEC
TIEPLOXEG KABwWG Kal SLevEpyeLa KOBAPLOPOU AKTWVY TNG TEPLOXNG LOG.

e YAomolnon mpoypAappoTog HETPNONG TNG HOAUVONG TwV USATWY TNG
TLEPLOXNG MG HE Xprion KatdAAnAa Stapopdwpévou Arduino kKat KAtdAAnAwv
aoOnTpwWyY. ZUUUETOXN O€ TMAVEUPWTIAIKO TPOypaupa ylo Sldxuon twv
QTMOTEAECUATWY KABWE KAl yLa TV evalobntomnoincn Twv padntwv.

+ MNoudaywykn kat podnotakn Stdotaon

e MpowbBeital, 6mou kal otav autod eival duvatov, n StbaockaAia kot o
€EWTEPLKOUC XWPOUC Tou KTnpiou. H Umapén xwpou mou PoLalel e Eva ULKpO
B£atpo euvoel TNV VAOTIOLNON TETOLWV SLEQOKAALWV.

e Yxebloopodg Beoswv ouvavtnong Kal cuvepyaciog padntwv f kat
HoONTWV KaBnyNTwv eKTOG Habrpatog os aibouaoeg

® XTNV aUAN Tou oXoAeiou €xouv TomoBeTNBOEel ywVLEG e TTPACLVO.

e H aulAn tou oxoleiou eival oxedlaopevn e TETOLO TPOTO TOU va

SLEUKOAUVETAL N ETUKOLVWVIO TWV LaONTWV/TpLWV
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Enidoyog

OL mopamnmavw TMPOTACELS AETOUPYOUV WG €val oAoKAnpwuévo TAaiolo dpacnc, to
OTIol0 OXL HOVO EVOWMATWVEL Ta BACLKA XOPAKTNPLOTIKA EVOC asldpOpou oxoAeiouv,
oAAQ TpocappoleTal kol otTig Wlaltepeg avaykeg €vog gomeplvol AuKelou otnv
EAAGSa. H uhomoinon Tétolwv SpaotnploTTwy Unopel va odnynoel os pia Badla
HETAOXNUATLOTIKY aAAayr, EvioxUovtag 1000 TNV ekmaldeuTikn Sladikaoia 600 KoL Tn
OX£0N TOU OXOAELOU HE TNV TOTIKN KOwvia, evw mapdAAnAa cupBAAAeL otn Blwaotun
avamntuén kot tnv meptBaArloviikr ocuveidnon. H mpaktikr Toug epapuoyn Ba kpivel

TNV EMITUXL0 TOU EYXELPUATOG.
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HAektpovikd Aoylopika TnAetuokomninong otnv MNepBailovikn
Ekmaidevon otnv eAAnvikn MNpwtoBabuia kat Acutepofabuia
ekmaidevon.

A. Poppng, A. Kapatla, A. lewpyiou kat A. laAavn

EOviko kat Kamodiotplako Mavemotipo ABnvwy, Matdaywylkd TuApo AnpOTIKAG
Exnaidevong.

Email: dimror@primedu.uoa.gr

NepiAnyn

Ta lewypadikd Xuotiuota MAnpodoplwv Kabwg Kal ta AOYLoUIKA emefepyaciag
6ebopévwy Tou cUAAEyovTaL PECW TNE TNAETILOKOTINONG, £XOUV YVWPLoEL Ta TEAEUTAL
xpovia aApatwdn avamtuén. H évtaén toug otnv ekmawdeutiky Stadikacio kot
eldkotepa otnv NeptBarAovtiki eknaibeuon ta kKaBlotd MOAUTIHO epyaAeia, KUplwg
AOyw TG €UKOANG oUAAOYNG, emetepyaciag kal avaluong twv dedopévwvl,2 (Nufiez,
2020; Popovich et al., 2014). Ztnv moapouca epyacio avaAUovtol EPEVVEG LE SLOAKTIKA
oevapla mou €xouv Oie€axBel otnv EAAASQ Kol €XOUV EVOWHATWOEL TN XPNon
AOYWOUIKWY Ko,  gupUtepa, TAaThopUwv  TnAemiokomnong o  Bépata
MNepBaArlovtikig ekmaibevonc, toco otnv Mpwtofabuia 600 Kkat otn AsutepoBadula
eAnvikn ekmaidevon.
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Né€elg  kAsldla:  MeptBaroviikry  ekmaideuon, Aoylwoulkd  TnAEmOKOMNONG,
MNpwtoBaduia eknaibevon, Asutepofadula eknaibeuon

1. EIZATQrH

H NepBarrovtiky ekmaibeuon, HeEAETWVTOG TN OXEOon TOU OvOPWTOU ME TO
oavBpwrmoyevég kol To PuOLKO TeplBallov, €xel Kataotnoel cadéc nén amd tn
Sekaetia tou 1960, OTL amattsitat oAlayry T avOpwrivng otaong TPog TO
nieplBailov, n omola pmopel va nmpaypatononBel péow tng eknmaibevong. OL Tpomot
S6aokaAiag Twv TEPPANAOVTIKWY ETUOTNUWY Elval avaykaio vo akoAouBolv tn
Suvaptkdtnta tou neptBdAlovtog, kabwg autod aldletl cuvexwe (Mavvapdkn, 2016).

H TnAemiokonnon kat ta Fewypadika uotipata MAnpodoplwv eivol vEa OXETIKA
epyoAela TOU €EUTINPETOUV €KTOG TwV OGAAWV TG OUVAMLKEG QVAYKEG TNG
MNeptBariovTikig ekmaidbevong, kaBwg EMLTPEMOUV TNV EUKOAN cUAAOYH, eMeéepyacia,
avAaAuon Kal OTTTIKE TTapouoiach Yewypadlkwv xwpkwv dedopévwv? (Popovich et al.,
2014). H mapouoa €peuva eival HEPOC euplTEPNG €peuvag oe e€EALEN n ormola
ooxoAeital pe tn Olepelvnon Twv AOYIOMIKWVY Kal, €uplTEPA, TAATPOPUWY
TnAemokonnong mou aflomolouvtal otnv ekmaideuon yla to meptBarlov. YO auto
TO Tpiopa, E0TLALEL LOVO O SNUOCLEVUEVEG EPEVUVEG OTNV EAANVLKI YAWOOQ, OL OTIOLEC
nipoteivouv SLOAKTIKA OEVAPLA TTOU AELOTIOLOUV AOYLOULKA KaL, EUPUTEPQ, TAATHOPUES
TnAemwokoénnong.

TNV apovoa HEAETN e€eTalovTal Ta KUPLOTEPA AOYLOULKA TNAETLOKOTINONG, TO OTtolal
napouctalovial oe SNUOCLEUUEVEG EPEUVEG OTNV EAANVIKN YAWOOQ, HECA ATIO TLG
omoleg mpoteivovtal Stdaktikd oevapla ywa tnv Mpwtofdaduia kat Asutepofadula
MNeptBarovtikn ekmaidevuon Pe TNV a&lomoinon AUTWVY TWV AOYLOMLKWV.

Mpokewévou va efumnpetnBel o okomog NG €peuvag TEBnkav Ta akoAoubBa
EPELVNTIKA EpWTAMATAL

1. Néoeg amnd tig Snuooteupeves SLOAKTIKEG tpooeyyiloelg otnv NpwtoBdabuia i otn
Agutepofadula ekmaidevon mou aflomolouv AoylopLkd TnAemiokonnong oe BEpata
MNepBariovtikng ekmaibeuong €xouv uAomolnBel otnv mpadén;

2. Nowa Aoylopikd TnAemokonnong aflomolouvtal mepLocoTtePo otnv Mpwtofddula
koL otn Aeutepofabuia eknaibevon oe BEpata NeptBaAlovtikig ekmaidevong;

3. Z& ToleC DgPATIKEG EVOTNTEG €XOUV aglomolnBel Ta v AOyw AOYLOMLKA;
4. Nolog elval o TANBUGHOG-0TOXO0G KAOE SLOAKTLKAG MPOCEYYLONG;
2. MEOGOAONOTIA

H €peuva 61e€nxBn tov Alyouoto tou 2024. MNa va amavifiCOUUE OTO EPEUVNTIKA
EPWTAUATA TIPOAYUOTOTIOIOOUE avaltnon otnv nAektpovikn Bdon 6edopévwv
Google Scholar, xpnNoLLOMOWWVTAC TOUC TTOPAKATW OPOUG-KAELSLA OTNV EAANVIKN:

MNepBarlov* AND sknaibeuon AND tnAemiokomnnon AND AoyLopLko
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H avalntnon enéotpePe 102 eAAnvika apbpa yia tnv nepiodo 2014-2023, ta omola
kataypdape oe ¢UMO Tou MS Excel™. 3tn OUVEXElD, TO OMOTEALCHATA
neplopiotnkav cupdwva LE KpLTrpLa ou tEBnkav oe tpia otadia, akoAouBwvtag ta
npdtuna thg MeBodou Mivaka «Matrix Method»* (Garrard, 2020):

® Y10 MPWTO 0TAdL0 cupnepAfdOnkav 102 €pEUVEC TTOU NTAV AVOLXTHC TIPOoBaong.

® Y10 SeUTEPO OTASLO, EYLVE XELPOKIVNTN SLaAoyr) yLa VoL EVTOTILOTOUV Ta SUTAGTUTIA
apBpa, kKabBwc emiong Kot va amokAeLoToUV ApBpa N OXETIKA pe TNV MpwtoBabuia
T AgutepoPaduia ekmaidevon (m.x. Epeuveg tng NoAeodouiag mou aneubuvovtav oe
eviAkeg erunédou AsutepoPabulagekmnaidbevong, HeAETEC TG MUPOOBECTIKAG TTOU
adopouvoav oxoAeia). ETol, Ta anoteAECUATA Hag TeplopioTnkayv ota 37.

® T£AoG, n xelpokivntn Slaloyr €0Tiooe AMOKAELOTIKA o€ HEAETEG TToOU adopoloav
EKTIOLOEVUTIKEG TAPEUPACEL; Ot  pABNTEG/MABNTPLEG 1 O EKMALSEUTIKOUG
MNpwtofaduiag i AsutepoBabuiag ekmaidbevong, mou uvAomowBnkav otnv paén n
TIou amoteAoloav TPOTEWVOUEVO SLBaKTIKO oevaplo. Etol, pewwbnke mepaltépw o
0plOUOC TWV OMOTEASCUATWY Hac¢ ota 12 apbpa, ta omoia Kol e€eTA0TNKAV OTNV
€peuva pag (Mapaptnua A).

3. ANNOTEAEZMATA

Jupdwva pe 1o Mapdptnua A, eviomiotnkav 12 SL8AKTIKEG TPOOEYYLOELS OTNV
MNpwtoBaduia i otn AsutepoPadula ekmaidsuon mou aflOMOLOUV AOYLOULIKA KO,
guputepa, mMAathopueg TnAemiokonnong os Bépata MeptBaAlovTikig ekmaibevonc.

Ol £peUVEG QUTEC avaAUBONKaV E KPLTPLO TO av €xouv ulomolnBsi/edpappootel otnv
npaén. Amo TI¢ 12 £peuveg mou avaAuBnkav, oL emtd adopoloav SLOOKTIKEG
napeuBacelg mou ulomolOnkav otnv mPagn, evw oL umolouneg mevie adopoloav
S180KTIKA ogVApPLA TTOU TTPOTElvovTay Lo UAomoinan.

To AoyLOULKA Ko, eupUTEPA, TTAATHOPUESG TNAEMLOKOTINONG TIOU alomoLlouvTaV oTnV
MNpwtoBaduta kot otn AsutepoBadbuia ekmaidevon oe Bépata MeptBAAAOVTIKNC
eknaidevonc napouoialovtal otov Mivaka 1.
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MNivakag 1. AoyloLkd Ko, eupUTepa, TAaTdOppeg THAETLOKOTINGNG KAl GUXVOTNTA eddVIGR G Toug o8

apBpa
Noyopuka kat, Zuyvotnta
guplTEpQ, gpdaviong os
nAatdoppeg apBpa
TnAsriokonnong
Google Earth 9
ArcGIS 3
QGIS 1
Eduspace website 1
EO Browser 1
LEOWorks 1
Zuvolo 16

Ooov adopa tn cuxvotnta epdaviong KaBe AoyLopLKOU OTLG EPEVUVEG, TIEPLOCOTEPQ
oo ta plod amnoteAéopoata (9 amd ta 16) adopovocav to Google Earth, svw
oakoAoUBnoe to ArcGIS pe 3 kataypadéc. Kabéva amod ta umoAouta AOYLOULKA Kal,
guputepa, MAathOpUeg Tou avaypddovtal otov Mivaka 1, aflomolibnke oe pia
€peuva.

A&ileL va onpelwBel OTL 3 oo TG 12 £peuVEC £KOVAV XPHON TIEPLOCOTEPWV TOU EVOC
Aoylopkwv TnAemokdnnong>®’ (Evotabiou, 2019 Kara, 2018 Kapatld k.d., 2017),
evw 3 €peuveg ocuvdlalav Ta AOYLOMIKA TNAEMLOKOMNONG ME GAAA Aoylopikd /
mAathoppueg, Onwe 1o Pwtddevtpod® (AuneAwpou, 2021° Kwvotavtd, 2023) al\d kat
Ta Kidspiration kat Tuxpaint® (AuneAwpou, 2021).

Onwg ¢aivetal otnv Ewova 1, to Google Earth kupldpxnoe TO00 0 UAOTIOLNUEVEG
OL6aKTIKEG TMAPEUPAOCEL OGO KOl O€ TPOTELWVOEVA SLOOKTIKA oevapla. AvtiBeta, to
beltepo oe gudavion anotedeopatwyv ArcGIS aflomolnbnke povo oe UAOTIOLNUEVEG
MapeUPACELG.
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NAoylolLKA KaL, eupUTEPA, TAATPOPUEC CE
vlomouwnpéva / mpotelvopeva cevapla
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Ewkdva 1 Noytouikd kat, eupUtepa, mAAtdopueC TNAETIOKOMNONG O€ UAOTTOLNUEVA KAl TIPOTEVOLEVA OLOAKTIKA
oevdpla

IXETIKA HE TG Bepatikéc evotnteg, 3 €peuvect®’ (BaotAkoylavvakng K.d., 2021°
Evotabiou, 2019 Kapatla k.a, 2017) adopovcav tnv KAwwatiky AAAayn Kol to
doawopevo tou Oeppoknriou, 3 épsuvect® 12 (Bhayoytdvvn, 2021 Kwvotavtd, 2023
Quwtiadng, 2017) peAetoloov YeVIKA TO VEPO oOTOV MAAVATN (TOV KUKAO KOL TN
Slaxeiplon vepou, ta motapLa Ko TG ALUVEG), EVWw oL UTIOAOLTTEG 6 EPEUVEC LEAETOU GOV
mowiAa Bépata. OL Tpelg €peuveg mou peAetovoav tnv KAwpatiky AAayn €kavav
Xpnon tou Aoylopkol Google Earth, aAAa kat Twv ArcGIS, LEOWorks 4 & EDUspace
website’ (Kapoatld k.d., 2017), kabw¢ kot EO Browser® (BaotAikoylavvakng K.d.,
2021).

O mANBuOPOC-0TOXOC OTOV OTolo KUplwG ameuBivovtav ot 12 €peuveg ATaV
pnaOntéc/nabntple¢ AnuotikoU (3 €peuveg), pabntég/padntple¢ lupvaciou (5
€peuVe() Kal pabntéc/pabntpleg Aukeiou (3 €peuvec). Emiong, 1 €épeuva uhomolndnke
o€ npovATa kat vATia® (AumeAwpouv, 2021).

H Ewkova 2 mopouolalel Ta AOYLOMLKA KO, EUPUTEPQ, TIAATHOPUEG TNAETILOKOTNGNC
TIOU XpnoldomowBnkav oTLG UTO HEAETN €PEUVEG, O OXEOn ME TNV NAKioL Twv
OUUUETEXOVIWV/CUUUETEXOUOWY OE OUTEC.
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Aoyropukd ko, eupUtepa, TAatdoppeg ava nAkia eknatdevopevwv
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HAkia ekmondsudpevwv

Etkova 2 Noytouikd kat, eupUtepa, mAatgopuec THAETIOKOTTNONG avd NAIKIA CULUETEXOVTWV/CULUETEXOUTWV
OTIG EPEUVEC

Kal maAL mapatnpoU e, OTL N KumtuAn tou GoogleEarth sivat upnAdtepn 0Awv. To ev
AOYw AoylopkO Xpnotpomolndnke kuplwe os padnteg/padntpleg nAkiog 10 €wg 18
€TWV (Heyaheg Ta€elg Anpotikol €wg AUKeLo). Qotooo, UTtNPEE Kal pia €épeuva mou To
epdppoos o nAkiec mpovnmiwv-vnriwvd  (Apmehwpou, 2021). To  ArcGIS
Xpnolpomnotdnke Kupiwg o padnteg/padntpleg peyoAUtepwv NAKLWY (15-16 Twv).

4. 2YZHTHZH - ZYMMNEPAZMATA

e QUTAV TNV HEALTN, avaAuBnkav 12 €pesuvec mou adopoloav TOCO TMPOTACELG
SI80KTIKWY oevaplwv 000 Kol UAOTIoLNUEVA SLOAKTIKA OEVAPLA, TWV OTOLWV KOWOG
TIAPOVOUAOTNC ATMOTEAOUCE N XPNON AOYLOUIKWY KoL, €UpUTEPQA, TAATHOPUWY
TnAemokonnong o€ SL6AKTIKA oevapla Tou amrtovtav Oepdtwv MNeptBaAlovTikig
eknaidevong. Eite wg oevdplo oto padnua tng Mewypadiog n oe mepPBarlovtiko
OUAO, OL €PEVVEG QUTEG dlepeuvnoav €va HeyaAo eVUpoC Bepdtwy, ota omnola €ylve
gUpela xpnon TPOYPAUHUATWY TnAemiokomnonc. OL OegpaTIKEG €VOTNTEG TOU
e€etaotnkav neplocotepo Nrav n Kotk AAayn Kot To VEPO Kal 0 KUKAOC Tou. H

KAwpatikry AAAayn wg B€pa mou BplokeTal otnv EMIKALPOTNTA TA TEAEUTALO XPOVLA,
ATOV OVOUEVOUEVO VO TIPWTOOTATEL OTIC £PEUVEC. AOYyW OMWE TNG €AANVIKNAC
TIPAYUATIKOTNTAG, (OWC TEPIUEVE KAVEIC VO OUVOVTNOEL KOL E£PEUVEC yla TIC
TIANUHUUPEC, TOUC KOLUOWVEC KoL TLG TTUPKAYLEG TIOU TTA.CYXOAOUV TTILO TILECTLKA TNV WP
pag. Ta 1o eotlaopéva BEpata mou eEETACTNKAV OTLG UTIOAOUTEG EPEVUVEG, OTIWG TL.X.
n pumoavon tng TMOANG twv Bpaxvailkkwv Axaiog i to amoAlbwpévo 6Aacog Tng
MuTIARVNG, LAAAOV UTTOSELKVUOUV OTL KPLTAPLO EMIAOYAG TOU BEUATOG TAV N EVKOALA
XEPLOMOU TIOU TIAPEXEL N AUECN, OTITH YVWON €VOG CUYKEKPLUEVOU KAl TOTILKOU
B£partog.

To daopa NAKLWV oTLg omoieg ameuBuvovtav oL UTtO LEAETN EPEUVEG adopoUaE OAEG
TG Babuideg eknaidevong, and tnv MNpooxoAki wg tn Asutepofabuia eknaidevon.
MNapatnpnbnke otL To Google Earth mpwTtootatoUOoe OTO TIEPLOCOTEPA SLOOAKTIKA
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OEVAPLO OO TA TIPOVATILA £WC TIG TEAEUTAlEC TALELG TOU AUKeiou. AuTO pmopel va
odeiletal otnv gukoAia mpocPaocng oto epyaAsio kot TNV euxpnotia tou. To ArcGIS
xpnoluomnoBnke anod peyaAltepe nAkieg, oe pabntég 11-17 etwv kot kupiwg 15-16
€TWV. AuTo lowg odeileTal 0To YeYOVOG OTL TO €V AOYw AoyLopko towg Sev eival tooo
€UKOAO 0TN Xpron amno pLodbntég/puadntpleg Anpotikou. Ta Aoylopikd/mAatdopueg EO
Browser, LEOWorks kat EDUSpace website epdaviotnkav anod pia popd n kabeuio kat
povo oto Mupvaocto.

TENOG, oL TpEL €peuveg Tou Tpoogyyloav tv KAwwatiky AAayr kat adopolvoav
nadntég/pabntpleg Nupvaoiov kuplwg aAld kot padntég/pabntpieg ENAA, ékavav
XPNon Kupiwg tou Aoylopkol Google Earth, aAAd Kol Twv AOYLOUIKWY KoL EUPUTEPA
mAatdopuwv ArcGlS, LEOWorks, EDUspace website kot EO Browser.

OL Suvatotnte¢ TwWV AOYOUIKWY TnAemiokomnong eivoal peyaAsc. Eidape ot
xpnotwuoro)Bnkav og MANBo¢ S16aKTIKA oevapla, e Kupilap)o To B€pa tng KALLATIKAC
AN\aync. H emdoyn Twv UTIOAOUMWY DEUATWY (OWC EXEL VA KAVEL KOl L€ TNV EUVKOALX
XELPLOMOU TOU A0 TOV EPEUVNTH KOL ATTO TOUC EKTIOLOEUOUEVOUG, OTAV EXEL VA KAVEL
ME KATL TTOAU €L81KO 1) TOTUKO (OTMWG TIX N pUTAVGN TNG TTOANG KOV 1) oL apXaloAoyLkol
XWpPoL Tou Témou pou). Eniong Bépata mou exouv peletnBel Se€obikd oto mapeABov,
OTIWG 0 KUKAOG TOU vEPOU, TIBaVOV va TAPEXOUV ML AOPAAELA OTO XELPLOMO TOUG,
OTOTE KAl yla aUTO TOo AOyo va emAéxBnkav. H emiloyy twpa GUYKEKPLUEVWV
AOYLOULKWY TNAETLOKOTINONG OO TOV/TNV EKTTALSEUTIKO EMNPEAETAL ATTO TNV EVKOALX
XPNONG, TIC YVWOELG TOU EKTTALSEUTIKOU Kal TNV e€olkelwan He TN XpHon Tou &V AOyw
AOYLOULKOU, aAAQ Kal amod Tic SuvaTtoTNTEC TTOU TIAPEXEL TO AOYLOULKO, OE CUVAPTNON
TAVTA [E TLG NALKIEG TWV CUUUETEXOVTWV/CUUETEXOUCWV KoL TNV €EOLKELWOT) TOUG LIE
TG TNE. MikpOTEPEG NALKIEG EKTTALOEUOEVWV ATIALTOUV TIOAU TILO EUXPNOTO AOYLOMLKA,
Xwpic mpdobeteg Suokolieg sykatdotaong kot adsodotnongt® (Routu, 2023), evw
HEYOAUTEPEG NAWKIEG MmOpoUV va avtanmeEEABOUV KOl O€ TILO  OTOLTATIKA  Kal
€€e18IKELEVA AOYLOKA OTIWC To ArcGlS.

5. MEPIOPIZMOI THZ EPEYNAZ

H mapoloa €peuva wg HEPOG €UPUTEPNG Epeuvag ot €EEALEN, eotioce poOvo o€
ONUOCLEVEVEG €pEUVEG OTNV EAANVIKN YAWOOQ, OL OToleG TpoTEivouV SLOAKTIKA
oevapLa TTIOU LOTIOLOUV AOYLOULKA Kal, EVPUTEPA, TAATHOPUEC TNAETLOKOTINONG. Z€
enopevo otadlo n peAétn Oa emektabel kal os Eevoyhwaoon BLBAoypadia. EkTog amnod
Vv EevoyAwaoon, n Aeyouevn “yvkpila” BiBAoypadia emiong dev e€eTAOTNKE 0 AUTO
TO otadlo.
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APXITEKTOVIKA OLKOOOUNHATA EUTIVEUCHEVA ATIO TNV TEXVOTPOTIA
¢ KLYEANC Kat T dwr) TWV HEAICCWV
EAévn Oeodwpakn & Anuntplog ZakseAAapiou
1o EmayyeApatiko Aukelo. Kapbditoag

Email: etheodorakil975@gmail.com

NepiAnyn

MeAetBnke o TPOMOCG {WNC TwWV HEAlOOWY, KOBWG Kal n TEXVOTPOTIA TOUG OTNV
KATAOKEUN TWV KEALWV (KUPEAWV) TOUG. ZNUAVTLKO pOAo otnv OAn Sladikaoia mailel n
HéAlooa apyltéktovag. Eva amod ta peyaAUTePA TTAEOVEKTHOTA TNG KOWWVIKAG {wAG
¢ HéAlooag elval n opoldotacn, SnAadn n Swatrpnon tng Bepuokpaciog Kal Twv
OAAWV TEPLBAANOVTIKWY TIOPAYOVTIWY TOU UEALOCLOU OE OXETIKA otabepd emineda,
aveEdpTnTa Ao TIg eEWTEPLKEG KALLATIKEG OUVONKEG.

MNoapatnpwvtag kot peAetwvtag tn Swadkoaoio ™G «PUENG-KAATIONOU KOl
B€puavong» HECW TNG OMOLOCTAONG, OL NXAVLKOL TTPOCAPHOCAV OVTIOTOLXEG TEXVLKES
ota Ktipla. Ot HEALOOEG UTTOPEL VA KAVOUV OLKOVOLa UALKOU Kal SUVAUEWVY, OLWE QUTO
TOU TIG WOl og auTO, elval n taon tng pUONG va KAVEL ATTOAUTH OLKOVOoULia.

OL apyltéktoveg avalnTwviag TPOMOUG WOTE VO HEWWOOUV TIG TIPWTIEG UAEG,
SNULOUPYWVTAG KATL KOUYP O KoL TAUTOXPOVA OTABEPO oTpAdNKAV OTNV EYYUNUEVN 080
™¢ duong. Etot, Aownov, StapopdwBnKe n cUYXPOVN APXLTEKTOVLKH.

NéEelg KAeWOLA: Twr HEAMLOOWV, TEXVOTPOTIOL KUWEANG, OUOLOOTAOK, QPXLTEKTOVEG,
OPXLTEKTOVLKA OLKOSONOTA

1.H ZQH MEZA ZTHN KYWEAH

' ' "J
h. - h ) N

Ewova 1 Yuansu projects tou us/\tooo’kéuou Ren Ri
1.1 Opyavwon — Katavoun epyactwv HEALOOWV

OL epyaocieg mou MPAYHATOTOLOUV Ol EPYATPLEG UEALOOEC TIOLKIAEL avAAoya UE TNV
NAWKia Toug. MOALG yevvnBel avahappavel Tov kabBoplopd twv keAlwv. Emetta 6oo
TIEPVAVE Ol HEPEG apxilel va odpayilel Ta KEALA TOU yOVOU, TIEPLTTOLELTAL TO YOVO Kall
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™ BaoiAlooa, kKataoKeuAlel Kal cuvtnpel Tng kKNpnBpeg. Emiong xpnouonolwvtag To
KevTpl Tng ppoupel kat umepaomileTal TNV amolkia pe avtobuoia.

YMapxouv, OUWG, KOl TIEPUTTWOELG TIOU EPYATPLEG TIPAYLATOTOLOUV TIOAAEC EPYOOLES
oe pila nUEpaA avaloya HE TIC OVAYKEG TOU HeALOOOU. e TMEPLOSOUC €viovng
Spaotnplotntag (Avolén- KaAokaipt) n epydtpla gL to TOAU 45 NUEPEC EVW TO XELLWVA
HEXPL KOL 6 UAVEG.

H kaBapiotpla péAicoa

H mpwtn 6paotnplotnta tng epyatplac Alye¢ wpeg adou yevvnBel eival va
TIPOETOLUACEL TA KEALA yLa Thv uTtodoxn auvywv mou Ba yevvroel n BaciAlcoa f Tnv
amoBnkeuon tpodng, SnAadn TNV AMOUAKPUVON TWV UTTOAELLUATWY OTA KEALA Ao
KOUMUATLA KEPLOU, KOKKOUG YUPNG, amodepUaTWOELS Kal akabapoieg amnod tig vOUdeg,
yuaAilovtag Tov TATO Kol Ta TOXWHOTA TwV KEAWV (kaBaplopdg keAlwv). Emiong
XPNOLUOTIOLWVTAG TO Kevipl tng ¢poupel kol umepaomiletal TNV amowkio ME
avtoBuoia. Ze meplodoug Eviovng Spaoctnplotntag (Avolén - Kalokaipt) n epydtpla
{eL to TTOAU 45 NUEPEC EVW TO XELLWVA LEXPL KOL 6 LAVEG. OLTILO NAKLWUEVEC EPYATPLEG
HEAlooeC KaBapilouv To KATW HEPOG TNG KUPEANG OmMoU Umopel va TepLEXeL Eéva
CWHOTA TOL OTTOLO AMOUAKPUVOUV EKTOC TNC KUPEANG.

H tpod6¢, mapapdava pEAcoa

H veapn péAlooa amo tnv NAWKia Twv 3 - 4 nuepwv TNG {wAG TNG KOL YLOL TIEPLOCOTEPES
oo 15 nUEPEG Kal LETA TNV £€060 TN amod to KeAl apxilel Tnv ppovtida tou yovou. e
NALKIQL 6 NUEPWV KaL TTAVW, YIVOVTOL TTOPAUAVEC EKTPEDOVTOG TIG BAGIALKEC TTIPOVUUPEC
ota BootAka KeEALA.

H péAlcoa ap)LTEKTOVAG

OL gpydtpleg HEALOOEG NALKiaG 5 - 20 NUEPWV UIMOPOUV va apAyouv Kepi, xtilovtag
Kol emiokeualovtog auto To Balpa apXITEKTOVLKAC SounG tou ovopaletal knpnbpa.
Ot knpnBpec xtilovtal o mapAAANAEC OLPEC Kal armoTteAoUVTAL OO e€Aywva KEALA
Kol oTLc SUo OYelg. To peyebog Twv KEALWY TIOLKIAEL. Ta TILO HLKPA KEALA, OTIOU €ilval
KoL TEPLOCOTEPA O OplOUd, mpoopilovtal yla TG €PYATPLEG MEALOOEG KoL T
HEYAAUTEPQ YL TOUG KNPrVeC. Ta KeEALA Twv BacAloowv ivat Atlyootd kat Bplokovtat
ouvnOw¢ 0To KATW MEPOG TOU TAALoiou (opnvoupyiag) | oto kévipo Tou mAalciou
(opdaviag). Xwpic Tnv knpnBpa dev unopel va ektpadel yovog oUTe va anobnkeuTel
HEAL KO yUpN.
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H péAiooa anoOnkapLog

KaBwc n ouAAékTpla pEALOoO eMLOTPEDEL OTNV KUPEAN yla va evarnoBéoel To poptio
™¢ avalntel tic epyatplec (amobnkdaplol) mou Oa mapaAdBouv tnv tpodn. H
puetadopd kat aviallayn tng tpodng amo pEALooa o LEALOOA HE TIG TIPOPOOKIOES
TouG ovopdletat tpodparialn.

OL amoBnkaplot mpocBETovtag odAlo Kat péAL otolBalouv tnv yupn oto Babog tou
KEALOU LLE TAL 0OYOVLA TOUG KOl OTAV TO KEAL YEUIOEL TO KAAUTITOUV E EVA AETITO OTPW AL
MEALOU yLO VOL TNV CUVTNPHOOUV.

H aepiotpla péAlcoa

OL pEMOOECG €XOUV TO TAEOVEKTNUA va Slatnpouv tnv Bepuokpacia Tou CUAVOUG
otaBepn, avefaptATw TIG e€WTEPIKEC oUVONKeG. O agpLOUOG YiveTal amd epyATPLES
kaBe nAwkiag. OL aepiotpleg maipvouv Béon otnv €060 tNG KUPEANG, KOUVAVE
ypnyopa ta GTEPA TOUG KOL €XOUV ONKWHEVO TO THOW MEPOC TNG KOWALAG TOUG
Snuloupywvtag pevpata agpa, pubuilovtag £ToL TO KPOKALMO TNG ATTOLKIAG.

H ouAAéktpLa péAcoa

H ouloyn TtpodnG TMPOYHOTOTMOLETaL omo  HpeyaAUTepNC nAWKIOG MEANOOEC,
oUAAEyovTOG VEKTAP, yupn Kol VEPO, amapaitnta OPEMTIKA CUCTATIKA ylo TV
avamntuén tng anowkiag. Etol, emotpedel pe To PopTio TNG oTNV KUYPEAN, OTIOU HE TNV
Stadikacia tng tpodarAaéng to petadEpel mpog amobrikeuon.

Mpw yivel cUAAEKTPLOL N VEQPH UEALOOA TIPAYUOTOTOLEL MTAOELG TTPOCAVATOALGUOU
WOTE VA LABELTIC TNYECG TNG TPOdN S TNG £€w o TNV KUPEAN. H antdotaon rou Staviel
yla tnv tpodn mailel onpaviikd polo otnv Stapkela tng Lwng tng. H dtatpodn tng
HéAlooac mephappavel mpwteiveg, udatavOpakeg, BLtapiveg, vepo kot Stadopa GAa
OUOTOTLKA. YTIAPXOUV UEALCOEG TTOU CGUAAEYOUV QMOKAELOTIKA VEKTAP, yUPN, VEPO N
T(POTIOAN. YTIAPXOUV KOl OL UKTEG CUAAEKTPLEC TTOU palleVouV Ko yUpn Kal VEKTaP.
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Quroypapia: Mike Riter

Emopévwe, yla tnv Umapén “ooppormiag” o pla knpnBpa, cuvteAoUv TmoAAol
TIAPAYOVTEG, OL omoiol epapudlovial amd TO CUAVOG TWV UEACOWV HUE AmOAUTH
akpiBela. H e€aywvikn dopn tng amoteAel éva Bavpa tne puong. MapdAAnAeg mpog
TO HAyvNTKO Tedlo TNG yNnC, WOTE va PNV KUAA To PEAL Kot Loomaxelc. H kaBe pia
yvwpilel emakplBwe to poAo NG Kal 0To GUVOAO TOUG UAOTIOLOUV TIG EPYACLEC TIPOC
0delog Tou cuvohou. OL SpaoTnPLOTNTEG TWV UEALOOWVY TOLKIAOUY, avaloya UE TO
POAO Kal TO NALKLOKO TOUG OpLo.

MoAU onuavtikd poio mailel n apxltéktovag LEALoo, SLOTL UTIO TwV odNyLWV TNG, oL
epyatpleg emidlopBwvouv tn Sopn Twv KEALWV TIOU xopaktnpiletal wg knpndpa.
INUOVTLKEG EVEPYELEG TIOU OKOTIO £XOUV TN BLWOLUOTNTA TOUG 0’ auThV, KaBwg Kal Tnv
Slawvion tou eidouc.

1.2 Opowdéotaocn — PuBuion tng Oeppokpaciog Tou peAlooLov

Eva anod ta HeyaAUTEPA TTAEOVEKTHMOTA TNG KOWWVIKAG {wNG tNG MEALOOAG €ilval n
opoldotaon, SnAadn n dtatripnon tng Beppokpaciag Kot Twv AAAWV TEPLBOAAOVTIKWV
TAPAYOVIWV TOU HEALOOLOU O OXETIKA oTaBepd emimeda, avefdptnta amd TIG
e€WTEPLKEG OUVONKEC.

OL uéMooeg eival yevika Spaotripleg oe Bepuokpaoieg amo 10 — 38°C. MNa tnv ektpodn
TOU yovou n dplotn Bepuokpacia otn ¢wAld eivat 35°C. OL mopapdveg KAAUTITOUV UE
TO OWLLO TOUG TO YOVO KalL ETITUYXAVOUV T Beppokpacia auTr) UE CUVEXEIC CUOTIAOELG
TWV HUWV Tou Bwpaka Kal Toutoxpovn katavailwon peiol. Otav n Bepuokpacia
nieplBarlovtog eival peyalutepn amod 35°C ol péloosg Spooilouv thv PwAld
oUAAEyovTaG vepO Kal avepilovtag ta GTepA TOUC, £TOL WOTE va SLleUKOAUVETOL N
g€atuLon Tou vepou Ue Tn dSnuloupyia peUPATOC aEPQ.

Kata tn opnvoupyla (QUUVTIKOG MNXOVIOMOC TIOU O KUPLOG POAOC TOou €eival o
TIOAATAQOLOOUOC TOU PEALOOLOU), N Bepuokpaoia 0To ECWTEPLKO Tou adeapol (To
OMAVOG LEALOOWVY TO OTIOL0 KATA TNV Avolén, aro tov Pefpoudplo Ewg Tov purva Mdto
elvat duvatov va eykataAeiPel tnv kKuPEAn padl pe tnv moAaid Bacidiooa, odevovtag
TpOgG TN Snpoupyla UG Kawvoupylag amnotkiag.) eivat 35°C evw oto €§WTEPLKO TOU
niepiBAnua eivat 15-21°C. Emeldr) oL epyATPLEC OTO ECWTEPLKO TOU APECHOU TTOPAYOUV
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BepUOTNTA KOl OL EPYATPLEC OTO €EWTEPLKO TOU TIAPEXOUV MOVWON, EVOANAocovTaL
petalL touc. Otav n Beppokpacia tng atpoodatpag aveBel, T0te 0 apeopog apaLWVEL
kat  dnuoupyouvtal biodol Sl pécou Twv omolwv TEPVA  PEUUA  AEPOG
SNuLoupyoUEVO Ao TO PTEPOUYLOUA TWV UEALCOWV.

Otav n e€wtepikn Beppokpaocia sival katw amnod toug 14°C ol péAooeg oxnuatilouv
otn dwALd T peAdlccoodatpa kot kabwg n Bepuokpaocia kateBaivel n peAloocoodpatpa
ouptUooETAL, WOTE va e€oLkovopeital Beppotnta Adyw peiwong tng emipaveLlag ano
TNV omoia AUTA XAVETAL. 2TO EWTEPLKO TNG PeEAlooOodaLpag, oL LEALOOEG oxnuatilouv
OTPWOELG ME TO KEGAAL TIPOG TA LECA KOL EVAAAACOOVTOL LE TIG EOWTEPLKEG LEALOOEG.
ITnv mepinmtwon mou Sev UTIAPXEL YOVOC O0TO HeAloOL, n eAdxLotn Bepuokpaocio oto
E0WTEPLKO NG HeAloooodatpag eival 13°C kat n péylotn 20°C evw otn eEwTepLKNA
otpwon eivat 8°C. Otav OpwG UTAPXEL YOVOG OTO £O0WTEPLKO TG odaipag, n
Bepuokpaocia mpenel va mapapeivel otoug 35°C. Mia LEUOVWHEVN HEALOOO XAVEL TNV
LKOVOTNTA TNG VoL TIETAEEL OTav N Beppokpacio pelwOel katw oo toug 10°C Kol 6Toug
8°C akivnromoleital kat pnopet va neBavel. Otav n Beppokpaocia pewwbel otoug -5°C
n HeAloododatpa dev punopet va cupmtuxBel AAAO Kal OL EPYATPLEG YLaL VL ETILBLWOOUV
TIAPAYOUV ETUIMAEOV BEPUOTNTA KOTAVAAWVOVTAG UEAL.

1.3 Nati n ¢$von "ayamdael” ta e§aywva; Ano TG knpnbpeg¢ w¢ tn olvyxpovn
OLPXLTEKTOVLKNA

AT TIG KNPROPEG WG KL TA ... LATLO TWV HUYWV, Ta e€aywva epdavilovial oAU cuxva
otn ¢uvon. MNatl opwg cupPaivel auto, aAAd Kal TL IPOEKTAON UTIOPEL va €XEL 0TN
oUYXPOVN QPXLTEKTOVLKN);

H 1o Aoy kn amavtnon, €XEL VO KAVEL e TNV YEWHETPLA. OL LEALOOEG UImOpPEL va KAVOUV
olKovouia Xpovou, UALKOU Kal SUVAMEWY, OUWG auTd Tou TIG wOel og auto, eival n
taon ¢ $vong va KAvel amoAutn olkovopia. TouAdxlotov oOcov adopd TIC
eTLPAVELEG.

KaBe UALko, omwg emiBalouv oL vopoL tng puong, Oa emiblwéel va Bpel tn Sour He TNV
xopunAotepn duvatn emipavelakr) taon. Itnv meEpmtwon Twv GpuooAibwy, auto
ONUALVEL TO AlyOTEPO XWPO KTOLXWHATWV». AnAadn) ta e€aywva!

To «OTTTLOY TWV LEALOOWV ATTOTEAOUV QVTIKEIUEVO UEAETNC, AAAG KAl OAUHACHOU 6w
Kol XLALETIEG. AUTEC OL TEAELO KATOLOKEUAOUEVEG, EEQYWVIKEC SOUEG, AmOTEAOUV £va
Bavpa ™ puonc. NapaAANAEC MPOC TO HAyVNTLKO TeSio TNG yNG, WOTE va [NV KUAAEL
TO MEA, QmOAUTWG LOOTaXElG, cav va eival ¢Tlaypéveg omo umoAoyloth. H
«OLKOSOULKA» TWV LEALOOWV EEMEPVAEL KAL TOV KAAUTEPO UNXOVLKO.

1.4 H puon KAVEL... olKovouia otnv entpavela

OL HéNLOOEG UIMOPEL VO KAVOUV OLKOVOULAL UALKOU Kal SUVAUEWY, OUWG OUTO TIOU TLG
wBel og auTo, gival n Taon tng puong va KAVEL AMOAUTN owKovopuia. ToUAdxLoTov 6ooV
adopd tig emidpAvele. 2TIG GOVOKEG aoKelTaL pLa eTLpaVELAKN TAON, N omoia Toug
ETUTPETEL VA €XOUV TNV ULKPOTEPN Suvartn emipavela. Na tov 8o Adyo oL oTayoveg
TG Bpoxng, otav dnpoupyolvtal, €xouv odalptko oxnua. H odpaipa eivat to oxAua
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LLE TNV ULIKPOTEPN EMLPAVELD, OE OXECN LE TOV OYKO TOU. Xta Asia dUAAQ, Ta oTayovidia
TOU VEPOU £Xouv adalplkd oxnua, yio Tov idlo akplBwc Aoyo.

KaBe UALko, omwg emiBalouv oL vopoL tng puong, Oa emiblwéel va Bpel tn Sopr He TNV
xopunAotepn duvatn emipavelakr) taon. Itnv mepmtwon Twv GpuooAibwy, auto
onNUAivel To AlyOTEPO XWPO «TOXWHATWV». AnAadn ta e€aywva!

2. NQZ EXElI ENHPEAZTEI H ZYTXPONH APXITEKTONIKH;

MNapatnpwvtag kot MeAetwvtag tn Sladkacio TG «PuENG-KALATIOHOU  Kall
B£puavonc» HECW TNG OUOLOOTAONG, OL UNXOVLKOL TIPOCAPOCAV OVTIOTOLXEC TEXVIKEG
oTa Ktipta.

Kanwc €tot, SnAadr, cupudwva pe tnv taon tng puonc va fokovouel empavela,
Slapopdwbnke kol n olyxpovn OPXLTEKTOVIKA. Avalntwvtog TPOmou¢ WOoTE Vo
HUELWOOUV TIC TIPWTECG UAEG, SnULoupywvTag KATL KOO Kol Tautoxpova otabepo, ot
OPXLTEKTOVEC OTpAdNKAV oTNV EYYunUévn 080 tn¢ puong!

Sydney Smirke: To peyaAUTEPO HEPOC TOU AOYOU TOU ETUKEVTPWONKE 0TN LABNUATIKN
tedeotnta TG KnpenBpag. Ot SnAadn, n e€aywvikn doun NG KNpnbpoag He TN
popBoeldn Baon Atav kat' e€oxNV AMOTEAECUATIK Lopdr TTOU TTEPIKAUEL TO HEYLOTO
TOU XWPOU HE TO EAAXLOTO TTOCO KEPLOU.

Kapoloc AapBivoc: Alamiotwoe Mwc ol HEALOOEC omaTtaAoUV €AAXLOTO HEAL yla TNV
EKKPLON KEPLOU €XoVTaG KATaPEPEL TO KAAUTEPO SuVATO AMOTEAECHAL.

Mrnepvapvt Pouvtodokl: MeAETNoE TIC KUPEAEC, TIC PWALEC TwV {wwV KOL UTIOOTAPLEE,
Mwg, av ol ouyxpovol avBpwrol ABelav va dlatnprioouv TNV avBpwmid Toug,
kaAUtepa Ba Atav va evnueEPWBOUV TILO AETITOPEPWS YLA TNV OPXLTEKTOVLKN KoL TN
HUNXAVIKA TwV {Wwv.
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Tov 20 alwva oL apXLITEKTOVEC avalntwvtag epebiopata ano 1o uotko meptBaiiov,

KatéAnéav oto e€ng: ot dnAadn, n Kowwvia Twv peAlcowv BewpnBnke davikn
Kolvwvia.

O Antonio Gaudi mapopoiade Tov apLtéKtova pe tn Bacillooa - cuUVTOVIoTPLA KAL TOUG
uTtdAououg epyalOPEVOUG e MEAOOEC - epyatples. H Buoia tng BaoiAlcoag Bonba
TIC KOowwVieg V' avBioouv. H Cooperativa Mataronesa tav To mpwTto Tou £pyo.

O Frank Loyd Wright kataokevaoce to «Imitt tng Knpnbpag» otnv KaAipopvia kot
uloBEtnoe to potifo ™G kNPABPAG AVAKOAUTITOVTAG TO TTAEOVEKTHOTA QUTOU TOU
oxedlou. H edapuoyn Ttou €faywvikoU OXAMOTOG OE TOLXOTOLEG ATAvV Tnyn
Kawvotopiag, SLotL ntav Soun otabepr KoL CUVEKTLKA.
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O Frei Otto, peAétnos ™ Sopun TwV GUCIKWY VALKWV Kol ThV £HAPUOCE TAVW OTNV
OPXLTEKTOVLKNA TOU, AUTO daiveTal HECA OO TA KTLPLA TOU. (YEWUETPLKEC ETULDAVELEG,
OUMUETPLEG, Alyeg KaL amapaitnTeg KAUMUAEG otav XpeLaletal katl mavaiadpn doun)

YTov 210 alwva OUWC, TEPLOCOTEPN MPWTN UAN ONUOIVEL TIEPLOCOTEPEG SATIAVEG, TTOU
LOOSUVAUOUV HE AlyOTEPO KEPDOG. EKTOC auTOU OHWG, N alodntikn €xel aAAdéel. Ta
TIO... A€pLva KTipla eivatl autd mou tpafouv tnv poco)n. Ot pivipoA (aAAG OxL aTtA£g)
KOLTOLOKEUEG €lval aUTEG Tou avalntad KABe vEog apxLteKTovaG. A0 TNV €MOXH TOU
HOVTEPVLOMOU Kal ETeLta, omavia Oa €L KaVELG KTipLla e LEYAAEG KAUTTUAEG.

-
-t
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H a&lomoinon tou Arduino yia tn JEAETN TNG TIOLOTNTAG TWV
LVOATIVWYV TIOPWV OTO TIAAICLO EKTIALOEUTIKWY OPACEWV
lewpyiou lwavvng & Aartn BaotAikn

Eomepwvo MNupvaoto pe Aukelakég Tagelg Nupyou

Email: giageorgioul@gmail.com

NepiAnyn

To oxoleio mailet kpiowwo poAo otnv mpowbnon NG asipoplag kot TNG
nieplBaANOVTIKAG cUVELSNONG. Méoa amod eKMOLOEUTIKA TPOYPAUHATA KAl SPACELS, Ol
nabntég pabaivouv Tn onuacia tg Buwolung avantuéng kal Tng mpootaoiag Tou
mAavntn. Etol, To oxoAeio yivetal oxL povo xwpog pabnong, oAAA Kat pio TAatdopua
yla tTnv mpowBOnon evog mio BLwotpou PEAAOVTOG, ekmatdelovTag TOUG VEOUG Va yivouv
UTtELBUVOL TTOALTEG KOlL EVEPYOL CUUETEXOVTEG OTNV TPOOoTAcia Tou mepBAiAovToc.

H mapouoa epyaocia adopd os pia and tig Spdaocelg tou Eonepvol Nuuvaociov pe AT
MUpPYoU TPOKELUEVOU VO LeTaTparel and «ocupPatiko» os asldpopo oxoheio. Abopun
ATOV N OUUHETOXN TOU OXOAElou pOG oTo Slaywviopd Problue mou adopd tn
Snuoupyia evog Siktuou oxoAsiwv tng Eupwmnaikng Evwong mou eotialouv otnv
gualoOntomnoinon OXETIKA e TO USATIVO OLKOOUOTN A KOL TN TTPooTaBeLa Slatripnong
TWV OAAACOLWY OLKOGUOTNUATWY KAl TNG BLOTOKIAOTNTAG.

NE€elc KAeLOLA: AeldOpo oxoAeio, TME, Arduino

Ewcaywyn

O 6pog «sustainability» xpnowuomnoleital yla va anodwoel Tnv €vvola ¢ asldopiag.
Avadepopevoc oe pa Stadikacia tng omolog o pubuog mpémel va dlatnpeitat
otaBepog. Alo onpeLloAoyLkA MAEUPQ, N agldopia xapaktnplletal wg n LKAVOTNTA TWV
OUOTNUATWY, TIPAKTIKWY Kl TOALTIKWY, va Statnpolvtal Kol v AEToupyolvV HE
ouvemnela oto Xpovo (Throsby, 1997 ®Aoyaitn, 2011).

Jtnv amodoon TOU Opou otV eANVIKA YAWood, oL OpolL «aslpopio» Kal
«Blwotpotnta» xpnoluonolouvtal we ooduvapol (Anuntpiou, 2009 * Pékog, 2003 °
®Aoyaitn, 2011), pe tnv Anuntpiou (2009) va tovilel 6tL n aslpopia Ppépel pla mo
€vtovn TePLBAANOVTIK XPOLA, &VW N PLWOLUOTNTO OCUVOEETOL TIEPLOCOTEPO ME

TIPOLKTLKEG KOl SLOXELPLOTLKEG TIPOOEYYLOELG,.
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ErmutAéov, n €vvola tnG aelpoplag otoxelel otn SLApOpPwWaon €VOC KOLWWVLIKOU
HoVTEAOU Ttou Slakpivetat amo Tig aleg TNG OLKOAOYLKNG KoL KOWWVLIKAG Stkatoolvng,
™S aAAnAgyyung, tTng cuAoyLKOTNTAC Kot TG Snuokpatiag, avadsikvuovtag To poAo
Tou uTeLBUVOU Kal evepyoU TOALTN w¢ BepeAlwdn cuvtedeotn yla tn Snuloupyia Twy
npoiUmoBéoswv pLag aeidpopou Kowvwviag (Sauvé, 1999 OAoyaitn, 2006 Atapdkou &
@OAoyaitn, 2009).

Jupdwva pe ta IUCN, WWF & UNEP (1991) yia va xopaktnplotel pio kowwvia
aeldoptkr) Oa mpémel va kavomolel, HeTafl aAAwv, Kal KpLtipla mou Ba otoxelouv
otn

e BeAtiwon tng mowotnTag {WNG TWV avBpwNWV

e Slatipnon tng {wng Kal TNG TOKAOTNTAG TNG YNG

e elaylotomnoinon TnG €€AVTANCNG TWV N QVAVEWOCLLWY TIOPWV
e Slatnpnon tng d€poucac LkavotnTa TNG yng

Itov TePBarAovTikO TopEQ TepAaUPBAvVOVTOL OTPATNYLIKEG, TOU adopouv oTn
Slatrpnon Twv GuCIKwY TOPwWV Kat TNV enidpaon twv avBpwnivwv dpactnplothtwyv
Kal anodpacswv oto meplBarlov (UNESCO, 2005). Ymootnpilouv tnv appnktn
ouV&EON TNC AVATTUENC Kol ToU MEPIBAAAOVTOC, EUTTEPLEXOUV TNV £VVOLO TWV 0plwv
OVTOXNG TWV OLKOCUOTNMATWY, TOU OLKOAOYWKOU QMOTUTIWHATOG, TNV apxf TNG
npoAnPnc (Anuntpiou, 2009) kat avalntouv TPOMoug Slathpnonc, mpootaciag Kat
amokataotaong tou ¢uolkol amoBEUaTog Kal TwWV OWKOOUOTNUATWY, To omoia
Bewpouvtal HEPOG TNG KANPoVouLdg, ou Ba mpémnel va mapadibetal ot LEANOVTIKEG
yeviéc (WCED 1987).

Ze nepBariovtiko eminedo n Puwotpotnta e€aodalilel tn mpootacia tng puong Kot
Vv opBoloyiki xprion tng, mou Sev yivetal avtiAnmrr mAEov wg aveEAVTANTN mnyn
nopwv. Me tnv embiwén tng mMepBAANOVIIKAG akeEPALOTNTOG, WG TUAWVA TNG
asldpopiag, dStaopaAiletal otL ol avBpwriveg dpaotnplotnteg e Ba KataotpEdouv
Toug PpuatkoUg topoug Tou mAavnth (Bansal, 2005).

TNE ko aswdpopia

Ou Texvoloyieg tne MAnpodopiag kat twv Emkowwviwv (TME) amoteAolv Sopikn
OUVLOTWOA TNG oUYXPOVNC KOWVWVIOC TNV omoia KaAouvtal va {HoouV oL onuepLvol
veol Kal emnpealouv kaboploTtika kabe dpactnplotnta autig (Mamadomnouviog, 1998;
TQoylavvng & Kopng, 2004). H Exmaidsuon Bewpeital 1o péco mpowOnong tng
Kowwviag tng MAnpodopiag (Toaovong, 1995).

Me tov 6po «Texvoloyiec tng NMAnpodopiacy» xapaktnpilovtal oL TEXVOAOYLIEC TIOU
eETUTpENMOUV TNV enefepyacia kat T peTadoon pilag moOWWAlag popdwv
avamnopdotaong tng mAnpodopiag (cUpPoAa, ewoveg, nxot, PBivteo) kabwg katl ta
péoa mou eivat popeic auTwy Twv AVAWV unvupdtwy (Koung, 2004). H e€owkeilwon pe
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TIC TNE KL 0 TeXxvoAoyIKOC aAdapnTiopodg amoteAoUV TUAO TOU TTUPAVA TNG BAOLKNC
eknaidegvonc kat eival avtiotolyng omoudaldtnTag PE TNV OvAYVWOnN Kat Tt ypadn
(Unesco, 2000; YNEMO, 1996). Zupdwva pe To Mapatnpntrplo yia tnv Kowwvia tng
MAnpodopiag (2009), to cuyxpovo ekmaldeutiko TepLBAaAAov Bewpel tig TNE wg
avVamooTaoTo €pyaleio TNG ekmaldeuTikng Stadlkaoiag, To omolo oToxeUeL otnv
avénon tou evlladEpovtog Twv MaOnTwv, otnv mpowbnon TNG EVEPYNTLKAG
OUMMETOXNC TOUG KoL TEALKA OTNV OITOTEAECATIKOTEPN EKTALOEUTIKI Stadikaoia.

MapdAAnAa, oUyxpoveg Oewple¢ MaABNong Ttovilouv TNV  OVEMAPKELX TWV
napadoolakwy eKMALSEUTIKWY Sopwv Kal TpofdaAAouv tnv avaykn aflomoinong
OUVEPYATIKWYV popdwv padnong kot tnv otpodn amd pia SACKOAOKEVIPIKN
Tipooéyylon o€ piot aAAn mou Ba Bewpel Tov pabntn wg KEVTPO TG Kal Tov SAoKalo
w¢ dteukoAuvth NG nAaBnong (Makpn-Mmnotoapn, 2006). OL paBntég owodopouyv tn
yvwon, evw n padnon npowBet tnv avantuén xwpic wotdoo va tnv Staxwpilel and to
KOWWVLKO TieptBAaAAov (Vygotsky, 1978). OL epmelpieg Twv pabntwv cuoxetilovtal pe
OXOAKEG eumelpieg (Kokkotag, 2002).

Ze pia tétola popdn pabnong, n ouvepyatikr LEB0SOG pmopel val amoTEAECEL Eva
epyaleio mou Ba PBonBnoetl toug pabntég (Dillnbourg & Self, 1995) kabwg autol
EUMAEKOVTOL gvepYd adevog otn Slatumwon epwTnUATwy otn Sk Toug yAwooa,
adetépou otn cuAloyiki Slampayudtevuon tTwv pabnolakwy dpaoctnplotitwy. Etot
Sev apkolvtal oTnV amAn avamopaywyn tou UAWkoU 1 tng mAnpodopiag mou
TIAPOUCLACTNKE amo To SackaAo 1 umapxel os €va BipAio (Kokkotag, 2002). H
ouvepyatikn HEBodoc uhomoleital cuudpwva pe toug Johnson et al (1993), pe UIKPEG
opadeg otig omoieg oL padnteg epyalovial pall, He OKOTO TN HEYLOTOMOLNON TNG
HABnong o€ MPoowTikd aAAA Kot GUAANOYLKO ETITESO, TAPEXOVTAG HLE ALUTOV TOV TPOTIO
Hio oelpa amnd Betikd anoteAéopata (Johnson et al., 1986; Slavin, 1991; Johnson et
al., 1993; Kagan, 1994).

H xprion twv TME ywa tnv mapakoAouBnon tng mepBAANOVIIKAG TOLOTNTAG KAl TNG
tkavotntag Ole§aywyng TMOCOTIKAG avAAuong TANPODOPLWY OXETIKWY HE TO
niepBaAlov og mpwtopaves faBog kabwg kat n SuvatotnTa ETUKOWWVING TWV EV AOYW
6ebopévwy pe TIC evbladepopeveg opadeg pmopel va BewpnBel W onUAVTKNA
oUpBoAn otn Buwoun avamtuén (Makrakis, 2006).

Ot Rutsky (1999) kot Davis (1999) Bswpouv OTL otov 210 alwva £XOUHE 1nén
OUVELSNTOTOLNOEL OTL N TeExvoAoyia €ival To epyaleio yla TV aVATTTUEN TNG KPLTIKAG
okePNG avadopkd pe TNV GUon Kal TOV TMOATIOUO. AV 0 EKTTALSEUTLKOG 0€LOTIOLOEL
TI¢ TNE og SpAcELC Kal Tpoypappata mou oxetilovtal pe To mepBailov, eival
Suvatov ol pabntég va evalodntomnolnBouv og Bépata ou to adopouv (ZTapoUANG
et al., 2008).

H Baolkr mpoinobeon yla va aflomoinbolv ta epyaleia twv TME oto mAaiclo ¢
ekmaidevong yla tnv aslpopia eivatl OAeG oL SpacTnPLOTNTESG Vo Eival OXESLOOUEVEG
HE TO OKEMTIKO TOU opadocuvepyatikol velatog. OL padnteg Sev eival madntikol
6€kteg aAAA cuppeToxIKOL e TN duvatotnTa autoppuBuong (Borthwick et al., 2008).
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Ot TMNE pmopoUv OxL povo va umootnpilouv tnv ekmadeutikn Sladkaoia pe tov
KataAANAo oxedlacpd SpaoctnelotiTwy, oAAA KoL VO €UALOONTOMOLOOUV TOUC
HaOnTéC o€ BEPaTA OXETIKA e To TepLBAAAov (ZTapoUANG et al., 2008). MapdAAnAa,
ouvSEovTal oL HaBNTEG PE TA TOTIKA KOl TIOYKOOULA {NTAMOTA KAAALEPYWVTAG TNV
OLETILOTNHOVIKOTNTA TOUG EVW EVEPYOTIOLELTAL N SNULOUPYLKOTNTA TOoUuG. MapdAAnAa,
umopoUv va onBricouv Toug LabnTeg va SLEPEUVAOOUV TLG EVVOLEG, VAL EUTTAAKOUV OE
nipoBANUata auBevTIkn¢ HABNoNG, va BEATLWOOUV TIC LETAYVWOTLKEG TOUG S£ELOTNTEC
KOl Vol TtopoucLacouv mAnpodopieg xpnotpomnolwvtog moANamAd péoa. OAa autd
ouvdEovtal OTEVA HE TOUC OTOXOUG Tou Bf€tel n ekmaidevon ywa thv aswdopia
(Makrakis & Kostoulas-Makrakis, 2012). TeAwkd, n HeyaAUTEPN TPOKANGN €lval n
onuoupyia  KaTAAANAOU TEPLEXOUEVO, O OXESLOOUOG SpaocTtnploTATWY Ko
pnadnolakwv mepParlioviwy mou va mpowbouv To €160¢ TNG OKEYNG KAl TNV
Katavonon Tou ammattouvtal yla va {icouv oL Habntég Blwotua.

Arduino

To Arduino eivat plo mAatdpoppa avolktol kwdlka mou ocuvdudlel e§eAypévo
€EOTMALOMO (MLKPOEAEYKTEG) Kal €va euxpnoto mepBAaAlov avamtuéng AoyLopLKou,
ETUTPETOVTAG OTOUG XPNOTEG va dnutoupyolv Sladpaotika épya. O oxedlaopog tou,
mou eotlalel otnv amAotnta kot TNV euelifia, To kablotd mpooBacipo TG00 o€
0PXAPLOUG OO0 KOL OE EUTIELPOUC TIPOYPAUHATIOTEG KL NAEKTPOVIKOUG NXOVLIKOUG.

Ytnv ekmodeutikn Stadikaoia, to Arduino mailel kaBoploTiko pOAo SLOTL YePUPWVEL
TO BEWPNTIKO TIEPLEXOUEVO UE TNV TIPAKTIKN £pappoyr). Méow tng Snuoupylag Kot
vAormoinong £épywv mou Bacilovtal og aloOnTPeC Kal AAAEC NAEKTPOVIKEG CUOKEUEG,
Ol HaBNTEG £xOuV TNV guKaLpla va eEEPEUVIIOOUV EVVOLEG QTTO TNV NAEKTPOVIKI, TOV
TIPOYPOUMUATIONO KOl TN UOLKH, €VIOXUOVTOG TNV KPLTIKA TOUG OKEWYN Kal TV
Lkavotnta eniluong mpoPAnudtwy. EMutAéoyv, n ouvepyaTikn Kot Snuloupytkn ¢uon
TWV €pyaoclwv He To Arduino evBappUVEL TNV KOLVOTOWLOL KL TNV EVEPYO CUUMETOXNA,
KaBLotwvTag To €va TOAUTIHO EpYAAELD yLa TNV MpowBnaon Tng TEXVOAOYLKN G tatdeiag
Kol TNG BLwotng avamtuéncg oto ekmaldeuTIkO TepLBAAAOV.

210 mAaioclo NG epyaciag, €xel oxedlaotel éva ovotnua Arduino yla T HETPNON
TAPOUETPWY O USATIVOUC TIOPOUG TNG TEPLOXNG MOG — €lHAOTE KOVTA TOOO Of
TIAPOALEC 000 KOl O£ MOTAUOUG KABwC Kal oto Alpavt Katakolou - HE OKOTO TNV
mapo)r MOAUTILWY TTANPOodOPLWV YLO TNV TTOLOTNTA KoL TNV KATACTACT) TOUG.

To clotnua meptAapBAVEL PO OELPA ATtO ALoONTHPEG:
e Ogpuokpaciag Nepou
e AlaAupévou O&uyovou
e Aywyuotntag Nepou
e pH
e [lieonc Nepou
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Ao tn pelétn twv Sedopévwv Tou Ba MPOKUYPOUV OO TOKTIKEG UETPrOELS OF
ETUAEYUEVEG TIEPLOXEC Oa amtoKTRoOUUE TTANPOdOPLEG TTOU €XOUV OXEDN LIE :

MNapakoAolBnon MeptBaAlovTikwy ZuvOnKwv:

e Ta emineda SaAlupévou ofuyovou PELWVOVTIAL PE TNV avénon tng
Bepuokpaociag. Auth n oxéon umopel va amokaAuel mAnpodopieg yla Tig
ETOXLOKEG LETOBOAEC KoLl TNV eMiSpaon Tn¢ Beppokpaciog 6TOUG OpyaVIOUOUG
TOU vepoU.

Tnv afloAdynaon tng moLoTNTOG Tou VEPOU:

e Av 10 pH | N aywylotnta amokAivouv amod TG GUOLOAOYLKES TLUEG,
auTo unopet va Seiyvel puTtavon R ELopor aAdTwy.

e H auénuévn Oolotnta pmopel va umodnAwvel amopAnta N
BPOXOMTWOELG TTOU TIOPACUPOUV XWHATA, EMNPEAIOVTAG TNV TOLOTNTA TOU
vepoU.

Tnv napakoAolBnon tng punmavong:

e Otav unmdpyxouv opyavikd amoBAnta, To SLaAUUEVO 0EUYOVO PELWVETOL
KaBw¢ Tt Paktipla KatavoAwvouv ofuyovo yla TNV amocuvbeon Ttwv
arnoPAnTwv. Auto pmnopei va BonBrRoeL 0TOV EVIOTLOMO TIEPLOXWV LE pUTIOVON.

Ta anoteAéopata mou Ba mpokuPouv Ba SnuoctomolnBouv Ue Lo OELPA EPYOOLWV
o€ oUVESPLA OAAA KOl OTNV TOTILKN KOWOTNTA, 0TOXeEVOVTOC OTnV gualobntomoinon
NG OXOALKAG KOWOTNTAG KAl TOTIKWY OPEWV yla TN onuooia Tng mpooTaciog Twv
vdatvwv MOpwv, Mpoteivovtag evOEXOUEVWG KoL METPA Yyl Tn PeAtiwon tng
ToLdTNTOG TOU VEPOU OTIoU XPELAETAL.

Enidoyog

JUUMEPACUATIKA, N TapoUoa Epyacio avadelKVUEL TOV KPLOLUO pOAO TOU OXOAE(lOU WG
dopéa mpowbBnong NG acwdpoplag kat G TMEPLBAAAOVIIKAG OUVELSNONG,
EVOWUOTWVOVTOG TO0O TIG BewpnTIKEC BAOELS TNC BLWOLUNG aVATTTUENG 000 KoL TLC
OUYXPOVEC TEXVOAOYLKEG EPOPUOYEC. MEOW TNG CUUUETOXNG O0TO Slaywviopo Problue
Kall TnG uAomoinong Spaocewv pe tn xprion TNE kat Arduino, to Eomepvo Fupvacto pe
A.T. MOPYoOU HETATPEMETAL O€ Eva {WVTAVO EPYAOCTHPLO Kol TTAATHOPUA KalvoTouiag,
OTIOU OL LaBNTEG ATTOKTOUV TIPOKTLKEG YVWOELG KAL OVATTTUCO0UV KPLTIKA OKEYN, EVW
napdAAnAa evepyomolouvtal wg urteUBUVOL TTOALTEG.

H evapuovion Twv eKMaldEUTIKWY TIPOYPAUMATWY HUE TIG apXEC TNG asldoplag, Omwe
autég Swaturtwvovtatl otn &tebvr) kat eAAnviky BipAoypadia (Throsby, 1997
QAoyaitn, 2009/2011° Anuntpiou, 2009 Pokog, 2003), amoteAel Paoko
TiPOATALTOUEVO Yla TN Stapdpdwon evog KoWwVIKoU povteAou Tou Sivel Epdaon
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OTNV OLKOAOYLKN Kal Kowwvikn Sitkatoouvn. EmutA£ov, n aflomoinon twv TME kot Twv
KOLVOTOUWV £pYaAeiwV, OMwE To Arduino, EMITPETEL TNV AUECH TTapakoAoUBnon Kot
avaAuon twv nepLtBaAAoviikwy SeS0UEVWY, TIPOOHEPOVTAG ETOL TIPAKTLKEG AVCELG YLaL
TNV Tpootacia Twv (PUOKWY TOPWV KAl TNV QAVILETWTION TEPLBAAAOVTIKWY
T(POKANCEWV.

H ulomoinon tétowwv dpdoewv gvioxLeL tn ouvdeon TG Bewplag pe tnv mpdgn kat
TIPOAYEL TNV EVEPYN CUUHETOXN TNG OXOALKAG KOWVOTNTOG, TIPOAYOVTAG LA OALOTIKN
T(POCEYYLoN OTNV ekmaidevon yla tnv aslpopia. Ze auto to mMAaiolo, To oxoAeio dev
Aettoupyel Hovo wg xwpog nabnong, oA Kal wg KNTAPLOG MOXAOG KOLWVWVLKAG
oA\ayng, kablotwvtac ocadEég OTL 0 OUVOUAOUOC TNG TEXVOAoylag HE TNV
gvatcOntomnoinon ywa 1o mepBAAAov amoteAel €va ONUAVIIKO €PYAAElO yla TN
Stapopdwon evog Blwaotpou pEAAOVTOG. TEAOC, N eUmelpiat auTh KaBLOTA avaykalo th
ouveyLon kat Slevpuveon MAPOUOLWY TIPWTOROUALWY, TTOU e BAon TNV Kavotouia Kot
TNV €VEPYN OUMMETOXA TwV VEWV, Ba pmopéoouv va cUPBAAOUV OUGCLOOTLIKA OTN
Snuoupyia plag asldpopou Kowvwviag, 6mou n mpootacia Tou mMePLBAAAOVTOC Kal N
opBoloyikn Slaxeiplon Twv MOpwWV gival KOWEG agieg kal otoxoL.
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NepiAnyn

Auth n gpyaocia egetdlel tn Sladikaoia Tng TpLtofaduiag emefepyaciag AUUATWY Kal
uypwv amoPAntwy, eoTaloviag oTnv Mpootacia Kat Slatipnon Tou OLKOCUCTAUATOG,
otn Alpvn NopPwtida. To tpito kat teAevutaio otddlo kabBaplopol Twv AUUATWY,
ETUKEVTPWVETOL OTNV ATIOUAKPUVON PUTIWYV, ULKPOOPYAVIOUWY Kal GAAWV eTBAaBwv
OUGCLWV. 2€ QUTO TO OTASL0 adatpeital Ewg Kal To 99 % Twv akabBopoLwV oL OTOLEG
amopévouv ota Avpata. MA£ov, Ta anofAnta duvavtal va emavaypnolponolnbouv.

O eutpodlopog amoteAel coBapd TePIBAANOVTIKO Kal OLKOAOYIKO TIPOPRANUA TWV
OVOLKTWV TINYWV USATOC Kal €XEL WC ATOTEAECUA TNV €TULOEVWON TNC TOLOTNTOG
autwv. MNa to NeptBaArlovtiko Npoypappa emihééope tn Alpvn MNappwtida n onola
Bpioketal otnv Nepidpepelakn Evotnta twv lwavvivwy Kal mapouctdlel To €viovo
dawvouevo tou eutpodLopoU.

210 MAQOLO TOU TIPOYPAUUATOG, Ol LaBNTEC Ba evnuepwBOULV yLa TIg SLadLkaoleg Kat
TIC TEXVOAOYieg TnC TpttoBabulag enefepyaaoiac, TIG epapUOyEC TOUG o SLadOPETIKA
niepBarlovta, kot Ba avayvwpiloouv tn oxEon TNG KE TNV POAnYn Tou eVTpodLopoU
KOLL TNV T(POOTACLO TWV OLKOGUOTNUATWY. Méoa armd mapadeiypata, OMTLKOAKOUOTIKO
UAWKO, ekmandeutikn eniokePn otn Alpvn Napfwtida Oa avtiAndBouv nwg n anouvcia
KataAANANG ene€epyaciog odnyei oe mePBAANOVTLKEC ETUMTWOELG.

To MpOypOLA OTOXEVEL TNV EVOAPPUVON TWV HLABNTWV WOTE VO AVATTTUEOUV KPLTLKN
okéPn ya tn Slaxeiplon Twv vypwv amoBAATWY, VA KATAVONOOUV T CUVETELEC TNG
OVETIOPKOUG €eTefepyaciog Twv AUMATWY, Vo ovayvwpiloouv Tn onuoocia tng
nmpootaciog tou TmeplBAAlovtoc Kal TNG SNUOOLAG UYELOG, EVEPYOTOLWVTOC TNV
gevouvaiodnon kat T ¢povtida yla tn duon. Buwvoviag AUesa TIC CUVETELEG TNG
puTavong Kat tng EAAewdng Staxeiplong Twv mopwv, Ba avtiAndBouv tn onuacia tng
OTOULKNAG Kol OUAAOYLKAG €uBUVNG, YEYOVOG To omolo Ba emMnPeACEL TN OTAON Kal TN
OUUTEPLPOPA TOUG ATEVAVTL OTO TIEPLBAAAOV.

NEZEIZ KAEIAIA: Tprtofabuia Enegepyaocia Yypwv AmoBARtwv, Eutpodloudg,
Aewdoplia, NeptBarroviikn Zuveibnon, Alpuvn NopPwrtida
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This paper examines the process of tertiary wastewater and wastewater treatment,
focusing on the protection and conservation of the ecosystem in Lake Pamvotis. The
third and final stage of wastewater purification focuses on the removal of pollutants,
microorganisms and other harmful substances. At this stage, up to 99 % of the
impurities remaining in the wastewater are removed. Wastewater can now be reused.

Eutrophication is a serious environmental and ecological problem of open water
sources. It results in a deterioration in water quality. In the Environmental Program we
chose to deal with Lake Pamvotis, which is located in the Regional Unit of loannina and
presents the intense phenomenon of eutrophication.

Within the framework of the project, students will be informed about the processes
and technologies of tertiary processing, their applications in different environments,
and will recognize its relationship with the prevention of eutrophication and the
protection of ecosystems. Through examples, audiovisual material, educational visit to
Lake Pamvotis they will understand how the absence of appropriate treatment leads
to environmental impacts.

The project aims to encourage students to develop critical thinking about wastewater
management, to understand the consequences of inadequate wastewater treatment,
to recognize the importance of the environmental protection and public health, if
empathy and care for nature. Experiencing directly the consequences of pollution and
lack of resource management, they will realize the importance of individual and
collective responsibility, which will affect their attitude and behavior towards the
environment.

KEYWORDS: Tertiary Wastewater Treatment, Eutrophication, Sustainability,
Environmental Awareness, Lake Pamvotis

1. EIZATQrH

O eutpodlopog odelletal oTLG TTOLKIAEG SpAOTNPLOTNTES TOU AVOPWITOU LE TO EVIOVO
TEEPLBAANOVTIKO AMOTUTWHA 0T KAELOTA OLKOCUOTAUATO OTwG ot Alpveg. Avvatal va
e€ehiooetal puokd ya XIALAdeg €Tn kaBwg oL AlVES yepvoUV Kat gpmAouTtiovtal -
YEULlouv pe WRpata. Xapaktnpiletatl amo TNV mUkvhR avamtuén tTwv GUKLWY Kal Twv
dutwv efaltiog TOU EUMAOUTIOHOU PE BPEMTIKA OTOLXELD OMWG 0 PwWodPOPOG Kal TO
alwto ta omola amattouvtal yla tn $wrtoolvOeon. AvamtUooovToLl HLKPOOKOTILKA
dUKLA - GUTOTIAQYKTOV TO OTTOLO OXNUATI{OUV KATIOLO ETUKAAUUA OTNV EMLPAVELD TNG
Aluvng (Valavanidis, A., & Vlachogianni, T., 2015).

Kata tnv mpwtoBaduta kat tn dsutepoBabula emefepyaoia adalpeital £va mocooto
OO TO TEPLEXOUEVO TwV pUTtWV. AKoAouBel n tpltoBadula enefepyaoia Twv VYpwWV
anoPAntwyv. 2to Tpito eninedo tng enefepyaciog amopakpuvovtal Ta avembuunta
otolxela Omwe ta oTEPEA KaL Ta KOANOELSH, 0 PwWodOPOG, TO AlWTO, TA TTAPACLTOKTOVA,
TA METOAAQ, TO QTOPPUTIOVTLKA KoL GAAQ QVETUOUMNTO CUOTOTIKA TWV UYPWV
arnofAnTwv. Auto To 0TAdLo €ival MAPOOLO E QUTO TO OTIOLO XPNOLUOTIOLE(TAL OTTO
TIC Hovadeg NG emefepyaociog TOU TOOLUOU vepoU oL omoieg kaBapilouv TO
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OKATEPYOLOTO VEPO YLa TTOGLUO okoTo. To oTadlo Tng tptofaduiag enefepyaoiog £xeL
TNV IKavOTNTa Vo apapEoel €wG Kal To 99 % Twv akabapaotwy armo ta AVpata. € auto
T0 Ttpito eminedo tng emefepyacioag ta andPAnta MpoetolnAloviol WOTE va
gnmavaypnolponotnbouv.

To pawvopevo tng Astudplog amaoXoAel OPKETEC XWPES TOU MAQVNTN UOG. € AAAEC
elval o €vtovo kat o€ AAAEG XapaKkTnpiletal wg To AlyOTEPO UTIAPKTO TIPOBANUA. TN
xwpa pag n peyaAltepn Asewpudpla mapouoidotnke 1o 1993, akolouBnoe n
Aewpudpia tou 2007 kat Stadaivetal n evapén pag véag meptodou Aswpudpiag. Me
Vv undpyxouoca Tpwitofdaduia, SdeutepoPfdaduia kat tptofdabuia texvoloyia Tng
enefepyaciog Twv anmoBAnTwy amodidetat vepod MOAU KOANC TTOLOTNTAC, TO OTOLO Eivalt
ePpIKTO va emavaypnolponolnBei. Kamoleg xwpeg Tou KOOUoU £€xouv edapUooeL 6w
KOLL LPKETA XPOVLA TNV EMAVOXPNOLUOTIOLNON TWV EMEEEPYATUEVWV AUUATWY, TO oTola
QIMOTEAOUV ULaL TIOAUTLUN TtNYN VEPOU OE AYOVEG KoL NULAVUSPEG TIEPLOXEG OL OTIOLEG
QVTLLETWTIloUV TNV auéavopevn éAAewdn tou vepou. H emavaypnolponoinon twv
Avpdtwy givat tuApa TG Buwolung Slaxeipong twv udATwY, OMOTEAEL yla TLG
avOpwriiveg SpaoTnPLOTNTEG ML EVOAAAKTIKN TNy vepou. Ztnv EAAASa mpog to
mapov €xel edappoocBel TIAOTIKA O KATIOLEG TIEPLOXEG, OTWC otn Xio Kal otn
Oeoocalovikn (AUpa, 2017).

2. TO NPOBAHMA TOY EYTPO®IZMOY - AIMNH NAMBQTIAA

2to MepBarloviikd Mpoypappd pog emAééope va aoxoAnBoupe pe tn Aluvn
Nappwtda n omoia Bpioketal otnv MNepidepelaky Evotnta twv lwavvivwy, €xel
éktaon 19,4 km? kot mopouctdlel To éviovo palvopevo tou eutpodlopol. H Alpvn
NapBwtida £xel {wn XIMASWVY ETWV KoL EMOUEVWE TTapouoLalel uPnAa enineda otnv
£10pON TWV BPETTIKWVY OUCLWV Ao TIC avOpwrveg Spaoctnplotntes. O eUTPOPLOUOG
amoteAel coPapo TEPBAANOVTIKO Kal OLKOAOYIKO TPOPANUA, KaBwg EXel WG
anotéAeopa tnv embeivwon tng mMOLOTNTAG TWV OVOLKTWVY TiNywv Udatog Onwe ot
Aluveg, oL wkeavol kat ol Sefapeves. 2tn ouvéxela Ba avaAuBoulv oL altieg tng
eudaviong tou datvopévou tou eutpodlopov otn Aipvn MNappwtida.

AutA n Alpvn amoteAel To KOOUNUA TNG TEPLOXNG Twv lwavvivwy. Ewg to 1960 ot
KAtolkoL gixav tn duvatdtnTa Vo KOAUUTIOUV oTa VEPA TNG, va amolapfdvouv to
SLOUYEG XpwHa TOU VEPOU, TO OTOL0 TAUTOXPOVA NTAV KAl TTOOLUO. ITA EMOUEVA £TN
oAa aM\afav Spapatikd. O avBpwmoc anektnos TNV “amapaitntn texvoyvwoia” Kat
vAormoinoe KAmoleg KaBopPLOTIKEG eMeUBAOELC oL omoleg Slatapafav TV LWoopporia
ToU OLKOCUOTIUATOG ™me Alpvng
(https://www.naturagraeca.com/ws/129,191,114,1,1,%CE%9B%CE%AF%CE%BC%CE
%BD%CE%B7-
%CE%A0%CE%B1%CE%BC%CE%B2%CF%8E%CF%84%CE%B9%CE%B4%CE%B1).

Ot Alpveg NopPwtida kot Aagiota amotedovocav €va EEXWPLOTAG OLKOAOYLKNAG
onuooiag vddatvo ocvotnua, To omoio katd tn Oekaetio tou 1970 6£xOnke TN
onpavtiki emBapuvon efattiag tng anofnpavong Twv eAwv t¢§ Ao iotag pUe okomo
va arnoboBouv oL amo&npaUEVEG EKTAOELG TIPOG KAAALEPYELAL OTOUG KATOIKOUG TNG
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gupuTEPNG MEPLOXNG. H Alpvn Aaiota, NTav to Gpuoikd EKKOAQTITAPLO KOL O TOTIOG TNG
ovamapoywyng Twv Poplwv Kal Twv TTNVwy. ATo auth eUmAoUTI{ovIaVv CUVEXWS N
Alpvn NopPwtidba pe oAa ta €i6n. EMUTAéov KOTAOKEUAOONKE TO QVAXWHUA OTNV
neploxy tou MNepapatog, tng Audbag kat tng Ntpaumdtofa. Autég oL Suo
ONUOVTIKEG TopeUPAcEL; ATav KaBoploTikAG onpaociag kot ouvéBaAdav otnv
umoBABuLoN TNG TOLOTNTAG TWV ALUVaiwY USATWY KOl 0TO SPAUATIKO TEPLOPLOUO TNG
TIOOOTIKNG AVAVEWGONG OLUTWV, SLOTL TOL VEPA TWV TtNYwV Tpododotouv TAEoV TN AlUvn
HE apyo puBuo. E€artiag tng EAAeLP NG TNC ELOPONG TWV KaBapwv tnyaiwv udATwv ano
TO 0poC¢ MITOKEAL KABWC Kol TNG AVTANONG TwV USATWVY Yl apSEUTIKOUC OKOTIOUC
TieploploBnke apketd n otabun tng Alpvng. Bopelodutika tng Atpvng MNapBwtidag
KOLTOLOKEUAOTNKE TO 1972 T0 apaAiivio avaxwa TO OTIolo EXEL LAKOG VAL XIALOUETPO
niepimou. Kol autd CUVETEAECE OTNV QTIOKOTI TNG ELCPONG TWV UTIOYELWV Kal TWV
TIOLOTLKA KOAWV USATWY Ao TIG TINYEG Tou Zevievikou Katl Tou Kidokt. To vepo tng
AluvnGg avovewvetal HE TG PPOXOTTWOEL KAl Yyl OQUTO TO AOYO UTIAPXOUV
Slakupavoelc otn otabun ¢ Alpvng ot SladopeTikéG emoxéC tou £toug. O
ouvluaoHOG OAWV TWV TIPOAVADEPOUEVWV EIXE WG AUECN OCUVETELX TNV £vtovn
€U avion Tou PatvopEvou Tou eutpodLlopol (Zakkac, 2014).

O eutpodpLopoc odpeileTal Kot oTIC avOpwrveC §pacTnPLOTNTEC OL omoleg Aappavouv
XWpa otnV guplTEPN TEPLOXN TWV lwavvivwy. OL YEWPYLKEG SpACTNPLOTNTEC Kal N
XPNON TWV VITPLKWYV Kol TwV pwodoplkwV AMAcUATWY CUUBAAANOUV OTN CUCCWPEUCN
TwV BpemTikwV GwodopPLKWVY KoL VITPLKWY oToLXElwV. PUToL, 0nwg ta putoddppaka
KoL Ta AUtaopata, KataAfyouv otn Aluvn LE TO VEPO TwV BPOXOTTWOEWV HECW TWV
tadpwv Kat duoikd dev umapxel kapia duvatdtnta TNG CUYKPATNONG AUTWY OTOUG
UYPOTOTIOUG. AKOMN UTIAPXOUV PUTIOL OL OTIOLOL TIPOEPXOVTAL ATIO TIG KTNVOTPOPIKEG
6paoTnNpLOTNTEG O0TNV €UPUTEPN TEpLloXn, SLOTL duoTuXwg omolodnmote anodPfAnto
KataAnyel otn Alpvn. To mAayktov, ta UK Kol GAAeG udpoPieg duTikeEC TwEC
tpododotouvrtal KaAd kal n Spaoctnplotnta tng dwrtoouvBeong avéavetal. Aflo
avadopdg eival Kal To Yyeyovog OTL £wg To 1992, £To¢ KATA TO omoio uAomolBnke Kat
€0nKe og Aettoupyia 0 BLoAoyikog kKaBaplopog TnG MOANG Twv lwavvivwy, o€ autr T
Alpvn Sloxetevovtav OAa ta anoBAnta tng MOANG, T VOCOKOMELOKA amoBANTa KaBwG
Kot T amoPAnta Twv odayeiwv. Ztn Alpvn kataAiyouv moikida ¢eptd UAka. O
USPOPLOTOMOC UTIESTN ONUAVTIKI) KAKOTIONGON KATA TN SLAPKELD OLUTAG TNC XPOVIKIC
TIEPLOSOU. ATTOTEAECHO QUTWV TWV EVEPYELWV ATAV N TTUKVA avénon Twv GUKLWY Kot
NG AAyng Kabwg Kal TNG XapakTnPLoTIKAG PAdotnonc. MAfov sival epdavecTato to
daLVOUEVO TOU EUTPODLOUOU OTN CUYKEKPLUEVN ALpvn).

‘Eva amo ta KUpLa XapoKTNPLOTIKA TOU eUTPOPLOHOU lval N auénpuévn avamtuén Twy
HULKPWV ETUMAEOVTIWY GUTWV OMWG Ta PUKLA KoL Tot GWTOCUVOETIKA BaKTripla Kot n
QVATTUEN TWV EKTETAUEVWV KOL TWV TIUKVWV OTPWOEWV amod Ta emumAgéovia ¢utd.
Awarotwvetal OtL n oAleia anelleital. KaBiotatat dUokoAn n tomoBetnon twv
Syxtuwv NG aAleiag oto vepo kat ta GUTA Ta omola EMUTAEOUV O€ aUTO Tteplopilouv
TNV KWVNTIKOTNTA TWV OALEVUTIKWY oKapwv aAAd kal GAAwV TUTtwv okadpwv. EmutAéoy,
napatnpnOnke pelwon otig MolKIAieG Kal oTtoug TTANBUGHOUC TwV Yaplwyv OMwe o
KuTpivog, 0 YANVLOG K.a. Ta Papla elval KATWTEPNG TTOLOTNTOC CUYKPLVOUEVA UE TO
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napeAOOV, eMUMALOV OMWCE HOPTUPOUV oL aALELG aUTAG TNG Alvng €xouv e€adavioBel
AoV Ta XEALa Ta omola {oUoaV 0TO CUYKEKPLUEVO uSpofLoToro.

Ta avOn twv dukwv TepLopilouv TNV MOCOTNTA TOU 0EUYOVOU TO OTOLO amaLTETAL Yo
Vv avamnvorn aAwv {wwv Kal AAwv dutwv oto vepd. H €avtAnon tou ofuyovou
oupBaivel otav n ta ¢ukla nebaivouv kat aroouvtiBevtat. Otav to ofuyovo pOacel
o€ XapnAd enimeda, ta {wikd Kat ta puTIkA €idn ta omoia StafLovv evidg Tou vepou,
onw¢ ta Papla, odnyouvtal oto BAvaTo. Z€ OKPALEG TIEPUTTWOELG, OL OVAEPOPBLEG
ouvOnkeg evBappuvouv TNV avamtuén Twv Baktnplwv ta onoia mapdyouv Tig Toéiveg
oL onoieg xapaktnpifovral wg Bavatndopeg ya ta ONAaoTikA Kal yio Ta TTouAld. H
ovantuén tou GUTOMAAYKTOV TIPOKOAEL TN HeElwWUEVN Sleioduon Tou dwTOG oTa Lo
BaBia onueia Tng Alpvng. Auto To yeyovog duvatat va 06nynoeL otn Stapdpdpwon twv
VEKPWV {WVWV TwV USATWV Kal oTNV amwAsLa TG LSPORLag Lwng Le Apeon Kot GuoLki
OUVETELQ ™ HElwon g BlomowiAotTnTag
(https://www.naturagraeca.com/ws/129,191,114,1,1,%CE%9B%CE%AF%CE%BC%CE
%BD%CE%B7-
%CE%A0%CE%B1%CE%BC%CE%B2%CF%SE%CF%84%CE%BI%CE%BA4%CE%B1).

AuTA n owoAoyLkn kataotpodn duvatal va EXEL APVNTIKEG ETIUTTWOELG KOLL OTNV UYELa
Twv avBpwnwv eite apeoa, eite éupeca. To vepd tng Alpvng dev eival mooluo, ot
KATolkoL aduvatolV Kal armodeUyouv va KOAUUMooUV oTn Alvn OMw¢ cUVERALVE OTO
napeAOov. OL SuodpeoTteg 0OUEG OL omoieg avaduovtal amo tn Alpvn, Wlaitepa Katd
TOUG KaAokalplvoUC MAVEG, TpofevoUv aoxnuo cuvaloOnuata kat kKakn Puxikn
61a0e0n. OL KATOLKOL KalL OL ETILOKETITEC TNG TIEPLOXIC TTAPATNPOUV OTL N Alpvn XAVEL TV
opopdla t™ng efattiag tou eutpodlopov. Eivalr Sduocdpeoto otav embupeic va
anoAaUoeLg Tov apaAipvio epinato cou 1t BOATa pe To MAoio, va tapatnpeig Tnv
eAattwpévn Stavyela twv vddatwv dla yupvou odpBaApol. AucTUXWG N OLKOAOYLKA
umoBabuwon tng Alpvng Sa tou eutpodlopol kabpedtiletal Aueoca o€ aAuTA
(Enviroplan S.A., 2015).

3. TPITOBAOMIA EMNE=ZEPTAZIA AYMATQN KAI YTPQN ANOBAHTQN
3.1 Zkomog TpitoBabuiag Emegepyaoiag Yypwv AnoBARTwy Kat ta ZTAdla autng

Awa tne tprtoBadulag enefepyaociog Twv Avpatwyv Stacdaliletal OtTL Ta AUpaTa T
omola amoppintovtal o€ TMOTAUOUG, O ALUVEG, O UYPOTOTOUG Kal otn BdAacoa
TAnpouv ta mepLBaAlovTikd mpotunta. Me autd tov tpomo efaodaliletal OtL Ta
AUpata ta onoia Ba kataAnéouv otoug mpoavadepBEVTeg uypoug anodékteg e Ba
elval pumoyova. Zuvenwg npootateveTal N xAwpida, n mavida , to vepo, to €dadog
Kol to utteédadog.

AuTO 10 otadlo ephapPavel Stadopeg PUOLKES, XNILKES Kal BLOAOYLKEG Slepyaoied.
Ta 1o cuxva XpNoLUoTIoLoU eV UALKA Ta omtoia BonBouv og auth tn dtadikaoia eivat
n auuocg kot o (evepyomoinuévocg) avBpakac. Mia Siepyaocio mepltdapBavel tnv
pooBnkn tou YAwplou ota TeAkA AV AT TPV Ao TNV EMOVAYXPNCLUOTOINCT TOUG.
H xAwpilwon otnv enefepyacio TwV AUPATWY KATAOTPEDEL T BaKTrpLa KAl TOUC LOUC
kot géadeidel ta mopdolta ta omoia dUvavial vo TPOKAAECOUV TIOAU cofapég
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000€veleg. JuvomTika, auth n Stadikacio amoAupaivel To vepO £TOL WOTE va sival
a0PaAEC yla TNV Emavaypnolponoinon  tnv avakukAworn. To TeAlkd otadlo tng
Tprtofabuiag enefepyaciog twv Avpdtwy mepthappavel tnv adaipeon tou xAwpiou
To omolo xpnowdomolBnke yla TNV amoAvuovon Ttou vepol. Auto eival ToAU
onuovtiko BApa emedn 1o xYAwplo eival emiPBAafeg yia tnv vdpoPla wr. Otav n
OUYKEVTPWON Tou XAwpiou pewwBel oe aodalég eminedo, to enefepyacpévo vepo
Bewpeitat apketd kKabBapod wote va aneAeuBepwvetal pe aopalela oto meptPaiiov.

Jupdwva pe toug Metcalf kot Eddy ou ouviBelg pebBobol tng tplrtofabuiag
enefepyaciag eival n kpokidbwon - cuocowpdtwon, n d6non - dAtpdplopa Kot n
amoAUpaveon (METCALF & EDDY, 2018).

Kpokibwon - Zuocowpdtwon

O ouvduaouog TG KPokidwong e TN CUCCWUATWON 08NYEL 0TNV AMOUAKPUVON TWV
OLWPOUUEVWY OTEPEWV MIKPWV cwpatidiwv (10 um). Emetta anootabepomnotlovvtat
(mpooBnKkn XNUIKWV OUCLWV) e CUVETELD VO auénBel o dykog Toug. Alapopdwvovtal
Ta KOANOELST) cwHATidLA, TWV OTolwV TO NAEKTPLKO doptio e€oudetepwveTal.

AwBnon - Otpdplopa

Mpokettal ylwa tn CUpMAnpwpoTikh Stadlkaocia Tng Kpokidwong. To TMOLOTIKA
XOPOKTNPLOTIKA Twv amoPfANTwy PBeATLWVOVTOL CNUOVTIKA OLOTL amopakpuvovTal
TIANPWG T ALWPOUEVA OTEPEA ULIKPA cwHaTSLL.

AmnoAuUpavon

AkohouBel n epappoyn tng dtadikaciog tng anoAvpavong (umepwdng aktvoPBoAia,
YAwpilwon, olovwon K.A.) Twv Lypwv amoBAATWY WOTE AUTA va armaAAayoUv oo Toug
HLKPOOPYQVLOUOUG oL oTtoioL emidpolv apvntikd otn dnuoota vyeia kot otnv uyeia

TOU avBpwrou (https://www.organicawater.com/primary-secondary-tertiary-
wastewater-treatment-work/), (https://www.napasan.com/179/Primary-Secondary-
Tertiary-Treatment), (https://www.conserve-energy-future.com/process-of-

wastewater-treatment.php),  (https://aosts.com/tertiary-treatment-of-wastewater-
process-methods/).

H tpttoyevng enetepyacio GUPBAAAEL oTNV Amoduyn TWV CPVNTIKWV ETUMTTWOEWV OL
OTIOlEC TIPOEPYOVTOL MO Ta AUMOTO KOL OO TOUC PUToUC tng Seutepoyevoug
enefepyaociag.

Eav ta anopAnta dev udiotavral tnv KATAAANAN eneepyacia, TOTE To MePBAAAOV Kol
n avBpwriivn uyeia Suvavtal va ennpeacBolv apvntikd. AUTEG OL ETUTTWOELS
nepthapfdavouv t PAABN twv MANBUoUWY TwV XOUWV Kal Twv aypiwv {wwv, Thv
e€dvtAnon tou ouydvou, TNV amayopeucn tng mMPoofacng oOTLG MOPAALEG KOl TNV
eMPBoAn AAAWV TIEPLOPLOWY OTN XPHRON TOU VEPOU yLa T avauxh, TNV eMLBOAN Twv
TIEPLOPLOUWY OTN GUYKOULEN TwV XBUWV Kol TwWV 0OTPOKOELSWV Kol T LOAUVON TOU
TooLou vepoU.
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MNapatiBevtal oplopéva mapadeiypata Twv pUTwV ot omoiot duvavrtal va BpeBouv
ota AUpata Kat ot Tiavég BAABEPEC EMUMTWOELG OUTWV OTA OLKOGUOTALOTO KOlL OTNV
avBpwrvn vyeia:

. N QIMOCUVTIBEUEVN Opyaviky UAN Kol TO UTTOAEIMHATA TNG €ival ePLKTO va
XPNOLoTIoL)oouV To SLaAupEVo 0Euyovo og Karmola Alpvn, £ToL woTe ta PapLa Kot ot
AaAAoL udpoLol opyaviopot va aduvatouv va emBLWooUV.

. n UTtePPBOALKA TIOCOTNTA TWV OPEMTIKWY CUCTATIKWY, OTIWE 0 dwaodPOpog KoL TO
alwto (oupmepllapPavougvng TNG appwviag), Sdvvatal va TPOKOAECEL TOV
eVTPOPLONO, TNV UTEPPBOALKN gvepyomoinon Twv VdATwV TNG umodoxng, ta omoia
evbExeTal va eival To&ka yla Toug uSPOBLOUG OPYAVIOUOUG, TIPOAYEL TNV UTIEPPOALKNA
avamntuén twv putwy, pelwvel To dtabeoipo ofuyovo, cupBailovtag otn Helwon Tou
TIANBUGLOU OPLOUEVWYV ELOWV.

. Ol EVWOELG TOU YAwpiou kol oL avopyaves yAwpapiveg duvavtal va eival
TOELKEG YLa TOUG aoTtoVOUAOUG LSPOPLOUG OpyavIoHOUG, Ta GUKLA KoL Ta PapLa.

. Ta BaktrpLa, oL ol Kot ol taBoyovol PLKpoopyaviool oL omoiol mpokaAouv
acBéveleg, Suvavtal va HoAUvouv TIG TapaAieg kal toug TANBUOUOUG Twv
ootpakoeldwy, meplopilovtag TNV avBpwrivn avaluxr, TV KOTOVAAWGON TOU
TIOOLOU VEPOU Kall TNV KATAVAAWGN 0CTPAKOELSWV.

. Ta LETAAAQ, OTIWG 0 USPAPYUPOG, O LOAUBSOG, TO KASULO, TO XPWHLO KAl TO
OPOEVIKO UTOPOUV VO £XOUV OEELEC KOl XPOVLIEG TOELKEG EMIOPAOELC OTA €16 AANEG
ouoleg, OTWC opLOPEVA POPHAKEUTIKA TIPOIOVTA KAl TO TTPOIOVTA TNEG TTPOCWIILKAG
dpovtidag, Ta onoila loépyovtal KUpLwG ota amoPANTa Twv AUMATWY, EVOEXETAL VOl
anoteAécouv amelAn yla tnv avBpwrvn vyeia, Tnv udpofLa {wn Katl Tnv aypLa avida
(https://water.usgs.gov/edu/wuww.html), (AUpa, 2017).

3.2 Xpnoeig Twv Enefepyaopévwv Avpdatwy

To mAaiolo TNG emavoxpnolpomoinong Twy enefepyaopeévwy AVHATWY BplokeTal ot
€€ENLEN. KATOLlEG MEPUTTWOELG TNG XPNONG auTwV adopolV TV (MEPLOPLOPEVN KAl TNV
anepLoplotn) apSEUTIKN XPr 0N TOUG, TNV AOTLKA XPoN TOUG KAl TIS Xpriong avayuxng,
™ Blopnxavikn xprAon toug, tnv evioxuon twv umoyewwv udpodopewv Kol TV
aélomoinon tou Bloaepiou.

4. MEOOAOAOTIA EKMONHZHZ NMEPIBAAAONTIKOY MPOrPAMMATOZ

Kata tnv ekmovnon evog meptBalAovTikoU MPOYPALUATOC opXIKA Bo oploBeTriocoUE
10 B€pa mepypadovtag to mpoPAnua tng Alpvng Nappwtidag kat mapouvotdlovrag
TNV UTIAPXOUCOl KATAOTOON Twv USATWY, TwV TUTMWV Twv amofAATtwv Tt omoia
ELOPEOUV OE QWUTA KAl TNV avaAykn ylo tnv enefepyacia avtwv. Oa Bécoupe ta
EPELVNTIKA EpWTAMATA OTIWG YLa TN BeATiwon TNG oldTNTAG Twv VSATWY TNG AlUVNG
HEow TNG Tptofabuiac enefepyaciag Aupatwy. Méoa and mMapoUCLAoELC pe Bivieo
Kol UE ELKOVEC, KaBwc kot oulntnon Oa MapoUGLACOUUE TNV UPLOTAUEVN KOTAOTOON
otn Alpvn NapBwtida, aAlda kat tnv Tprtofabula enefepyacio Twv LypwWV AUUATWV
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KoL TLG TILBVEC XPHOELG OL OTIOLEG TIPOKUTITOUV Mo TNV aélomoinor] toug. Ot pabntég
He TNV KaBodnynon tTwv Kabnyntwv toug Ba Stepeuvricouv To B XpNOLLOTIOLWVTAC
TIC TINYEG oL omoieg Ba toug untodeLyBouv, OMwWE ApPBpPa, TEXVIKEG EKDECELG OXETLKA UE
v tprtofabuia ene€epyacia kat TG peBOSoUG oL oToieg XpNoLpLomoLloUVTaL 0 AAAEG
Aluveg 1600 oTnVv EANGSQ, 000 Kkal oto e§wtepikd. EmumAéov, Ba ocuAlléfouv
TANpodopieg amo TiG LoTooeASES TOTIKWY POPEWV OTIWG 0 ARHOG TwV lwavvitwy Kat
oo TIC umnnpeoieg tou mepBaiAoviog ot omoieg Swabétouv Sedopéva yla TtV
TIOLOTNTA TOU VEPOU KAl TIG UTIAPXOUOEG EYKATAOTACELG eMetepyaciog Aupdtwy. Oa
unapéel ovlntnon kot TPoPAnUaATopog efetalovtac TNV KATAAANAOTNTA TWV
Slapopwv peBodwv TG tptofabuiac emefepyaoiag kot Oa umapéel n afloAdynon Tng
duvatotntdg toug va epappocbolv otn Alpvn MNappwtda. Oa mpayuatonolnOet
ekmadeuTikn ekdpoun ota lwavviva. OL padntég Ba mepinynbouv otn Alpvn, Ba
Slaoxioouv t™n Alpvn XpnoOLLOTIOLWVTOG TO TOTIKO KopafBdkl kat Ba €xouv Tn
Suvatotnta va pwtoypadioouv WOoTe va amoKTHoouv pia cadr kot kabapr gwkova.
AUTEC TIC dwToypadieg Ba T aflomotrioouv yla va dnutoupyriocouv Bivieo kot adioeg
yla tnv mopoucioon tou MeptBaAlovtikol [MpoypApUHATOG. ITIC TEAEUTOULEC
ouvavtnoelg Oa katapTioouv MPoTAcELS ot omoieg Oa Bacilovtal ota amoteAéopata
NG €peuvag toug, Ba mepAapuBdavouv TIG BEATIOTEG MPAKTIKEG KAl TNV KOTAAANAN
texvoloyla yla tnv meploxn. Aflomolwvtag To CUVOAO TNG yvwong Tnv omoia
QIOKOULOAV amd TN CUUUETOXN TOUG oTo Tpoypappa Ba dnuioupyrnoouv Bivteo,
adloeg kat mapouciaon ywa 1o MepBarlovikd Mpoypappd toug. OAa ta
npoavadpepopeva Oa mapoucsiacOolv otnv teAkn nuepida n omoia Ba adopd ta
TIPOYPAUHATA KoL TIC SpAoelg Ta omoia Ba €xouv AABeL xwpa OTO OXOAEIO pOC TNV
TpEXouoa OXOALKA XpovLia kal Ba umtapéel aAAnAemidpacn pe OAa to LEAN TNG OXOALKIC
Kowvotntag, pabnteg, kabnyntég kat yoveic (Monroe, M. C., & Krasny, M. E. (Eds.),
2016).

5. O®MEAH lNA TOYZ MAOHTEZ

H ouppetoxy twv pobntwv oe éva TEePBAANOVIIKO TIPOYpAUUa HE BEpa Tnv
TprtoPfaduta emefepyooia AVHATWY Kal Lypwv amoPAntwv otn Alpvn MNapBwtida
MPOOPEPEL ONUAVTIKA 0PEAN, Ta Omola €VIOXUOUV TOCO TIC YVWOELG 000 KOL TLG
6e€lotnTég TouG. AuTd To Tpoypappa amoteAel plo povadiky eukatpia yla va
yvwpioouv tO POAO TNG EMOTAMNG KAl TNG TEXVOAoylag otnv Tpootacio tou
nepBAAlovtog kol va yivouv To euvalcOntomolnpévol kot umelBuvoL TOALTEG.
EpmAoutilouv TIG YVWOELG TOUG KAl OVAMTUOOOUV OLKOAOYLKH Ouveidnon, 8Lott
avtliAapBavovtal KaAUTtepa Ta TMPoBARpaTa TNG PUTIAVONG TWV USATWV Kal TIC
ETUMTWOELG Ol OTOLEC TTPOKUTITOUV. MEoa amod TNV €peuva Kal TIC 5paoTnNPLOTNTEG, OL
pnaOntéc Ba evnuepwBOoUv yla ta 181ka poPARpata tng Aipvng MNappwtidag katl Oa
avtiAndBoulv tnv avaykn yla tTnv mpootaciog tng. Ot pabntég Ba katavorioouv tnv
avaykalotnta tnh¢ mpootaciog tou nepLBailovtog kot Ba BeAjoouv va avaidBouv to
POAO TOUG WG evepyol ToAiteg. KaBwg Ba Stepeuvrioouv éva umapKTod TEPLBAANOVTIKO
TMPOBANua Ba BeATLWOOUV TNV KPLTIKA LKAvOTNTA Toug Kal Ba gfaoknBouv oto va
nipoteivouv AUoeLc. Ol OHASLKEG SpaoTNPLOTNTEC, Ol EKTMALOEUTIKEG ETILOKEPELS, N
CUMMETOXN OTNV NUePLda Ba evioyUOoEeL TIG EMIKOWVWVLIAKEG Se€loTnTeC cupBAaAlovTog
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OTNV KOLWWVLKOTIONON TouC. H PBLwHATIKA €UMELplot n omola TPOKUTITEL Ao TN
OUMMETOX Toug oto [poypappa Oa Toug Keviploel To evlladEpov yla TIG
TEPLPAANOVTIKEG ETUOTAMEG HE TUOAVOTNTA KATIOOL amtd auToUG va. akoAouBroouv
avaloye¢ omoudéc. Emelta amd TtV OAOKANPWON TOU TPOYPAUUATOG, Ol UoONTEG
€XOUV EVIOXUMEVO KIivNTpO va OUUUETEXOUV Ot OpAoelg mpootaciag Tou
TepBAANOVTOG Kal va ULOBETAOOUV OLKOAOYLIKEG OUVNBELEG oTNV KaBnuepwvoTNTA
TOoUuC. Oa avtiAndBouv tn onpacia tng SLaTHPNoNS TWV KOWWV GUGCLKWY TTIOPWV YL TIG
ETMOWEVEG VEVLEG Kal Ba ival To mpooekTikol Kal evepyol moAite¢ (Boca, G. D., &
Saracl, S., 2019) (Monroe, M. C., & Krasny, M. E. (Eds.), 2016).

6. 2YMMNEPAZMATA

H tpuofaduia enefepyacia Aupdtwv €ival onpaviikr ywa TV OMORAKPUVON
HULKPOBLOAOYLKWVY KOl XNHULKWV PUTIOYOVWV CTOLXELWV Ta omola dev amopakpuvovtol
TANPWE He TpwTtoBabulec i dsutepoPaduieg pebodoug, cuUBAAAOVTAC GNHUOVTLIKA
otn BeAtiwon tng moldtnTag tou vepoL tnc Alpvng MNappwtidag. Me tnv edappoyn
OUYXPOVWV TEXVLKWVY, HELWVOVTOL T VITPIKA Kol Ta pwodoplkd otolxeia, Ta omola
guBuvovtal ylo Tov EUTPOPLOPO KoL TNV TOEKN avarmtuén GUKLWY, LE ATTOTEAEGUA TNV
npootacia tng Plomowkidotntag. H ocuppetoxi Twv padntwv oe mepBaAlovikd
TIPOYPAUUATA €XEL WG OMOTEAECHA TNV gualcOntomoinon ywa t dlatipnon twv
vdAaTVWY TIOPWV Kat TNV eVvOUVALWON TwV §PACEWV yLa KABAPLOUO KoL UElwon TNG
pumavong. MapdAAnAa, n amoteAecpatikn OSlaxelplon amaltel avotnpotepn
vopoBeoia kol otApln amo TNV TOmKA autodlolknon, OmMwG Kal Kivntpa yla
nieplBaAlovTtikd UTELBUVEG TPOKTIKEG. Ol paBnTég, amo Tn CUMUETOXN TOUC Of
TEPLPAANOVTIKA  TIPOYPAUUATA, ovaTTUoooUV Se€loTNTEG OTLG TEPLPBAAAOVTLKES
ETULOTNMEG, KAAALEPYWVTAG TO EVOLAPEPOV TOUG YLa TN BLWOLUN avATTTUEn.

7. MNPOTAZEIZ

Na ™ PBwowotnta ¢ Alpvng Mappwtidag kat TV mepBarlovtiki
gvalcOntomnoinon, mpoteivovtal SpACELS O TEXVOAOYLKO, EKTIOULOEUTIKO KAl KOWVWVLKO
eninmedo. Apxlka, omalteital TEXVOAOYLK ovaBAabuion Twv  EYKATAOTAOEWV
enefepyaciog Avpdatwy. MapdAAnAa, n cuvexng mapakoAovBnon Tng moldTNTAG TOU
vepol Ba PonBrioeL otnv AUECn €eVIOMIOUO PUNWV. 2TOV EKTIALOEUTIKO TOMEQ,
Tipoypappata o€ oxoAeia kal emoKEPELG 0€ UYpOTOTOUG SUvavTal va au§oouv Thv
OLKOAOYLKN) ouveldnon Twv padntwv. EMmA£oy, MPOTEIVETAL N CUMHETOXA TNG TOTILKAG
Kowotntag ot Opacelc kabapwopol NG Alpvng. NopoBetikd, amoattouvrol
QUOTNPOTEPOL KAVOVIOUOL Kal €AgeyxoL yla tn pumovon amd ta BLORNXAVIKA Kol Ta
YVEWPYIKA armoPAnta. TEAOC, MPOTEIVETAL N SNULOUPYLO EPELVNTIKWY KEVTPWV Kol N
evioyuon ouvepyaolwv Pe MOVEMLOTAMLA yla e§eUpeon AVoewv. Ot moAiteg Suvavtat
va evnpeEpwVoVTaL HEow PndLakng MAATPOPHUAG KOL EVNEPWTLKWY KOUTIOVLWV.
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MepBaArrovTikn evalcBnTOTIOINCN HECA ATIO TO PABNUA TNG
doocodiac (B Aukeiovu)

JakapéAdov EvBuuia kat Tputoudd lwavva
1° Feviko Eviaio AUkelo MaAAnvng

Email: joantrip@gmail.com

NepiAnyn

H nepBaliovtikn evaitcOntomnoinon otn Asutepofabuia ekmaibevon €xel Bpel pla
B¢on ota BewpnTikd LaBAUATA KAl CUYKEKPLMEVO 0TO HABNUa Twv Néwv EAANVIKWY
™G B Aukeiou, kaBwg kat tng Dlocodiag otny idla ta&n. 2e auto e€eTAlETAL PEPLKWG
oe SUo kedpalata, anod Ta onola To MPWTO (80) adopd atnv ALoONTIKN Kal To SeUtEpPO
(90) otov MoAwtiopd. Edwkotepa, otnv Evotnta «®uon, Téxvn Kat AwoBntikn
Eunetpla» (1n) tou kedaAaiov pe titho «Oavpalovtag To Qpaio» mapouolaletal n
B£aon, 0tL n aledntikn mnyaletl amo t 6€aon kot To Baupaopo tg uonc, Kol n oxeon
HETOEL opopdLAG TNG dUONG Ko opopdLAg TG TEXVNG. H mpoogyylon tou eyxelpLdiou
ULOBETEL pla TIAATWVLKA OTITIKY, cUMdwWVA PE TNV omola n Téxvn wg Uiunon kot o
Baupaouog yia duon wg adopunon yLa TNV aodNTKR KOAALEPYELA €lval Lot LAAAOV
napwyxnuévn otacon. Itnv Evotnta «AvBpwmog¢ Kat Quowkoé MeplBaiiov» (4n) tou
kepahaiov pe titho «MAwvtag MNa Tov MOoATLoOMO» YIVETAL PLa ELoaywYLKN avadopd
OTLG QTIAPXEG TNG OUVELSNTOTIONGCNC TNG OWKOAOYLKNC Kplong Kot og $palvopeva mou
TEKHAIpOUV TO TPOPANUA, EVW KATOMWV avamtuoostal to dimolo “pnxn” kal otn
“BaBOLa” owkoAoyia, TIOU OUVOEEL TNV OVTIUETWIILON TOU TPOPANUATOC HE TNV
OLKOVOMLKN TIOALTIKA. ZTN OUVEXELA YIVETAL Pl TTIOAU YeVIKA avadopd ot SUTIKEG
afleg TOU OUCLAOTIKA TOUTI{OVTAL HE TO KATUTAALOTIKO WMOVIEAO KOl TNV
QVOPWTTOKEVTPLKY OVTILETWTILON TOU duokol TepBAAlovTog, evw avadEpovtal
e€alpeTkA akpoBLywe n Bavauvootnta anévavtl otn ¢uon Kol ota {wa.

H B¢on mou unootnpiletal otnv mapovoa elwonynon eivat otL n didaokaAio tou
pabnuatog tng dlthocodiag pe BAON TO CUYKEKPLUEVO eyXELPLSLO KOl cUUPWVA UE TIG
nipoPAsnopeveg obnyieg Stbaokaliag Sev EMITPEMEL TNV OUCLOOTLKA TEPLBAANOVTLKA
gvalcOntomnoinon tTwv pHadnTPLWV Kol padntwv. Itnv wtopia tne plthocodiag £xel
oulntnBetl Ste€odika Kal cuvexilel va amacXoAel N oxEon Tou avBpwrou He Tn ¢uon,
N TOLKIAOTPOTIN TIPOodOPA TOU PUGCLKOU OTO KOLWVWVLKO TepLBAlAov, Ta SiKalwpata
KoL Ol UTIOXPEWOELS Tou avBpwrmou amévavtl otn ¢uon. H mpoonAwon otnv
TIPOTELWVOUEVN UAN KAl TPOCEYYLoN OTEPEL Ao TG LAOATPLEG KOl TOUG HaBNnTEG TV
TIOAUTTAEUPN TIPOCEYYLON TOu InTtApatog kat tnv Pabutepn katavénon Ttou
npoPBANuatog. Ot SLAMIOTWOEL, AUTEG 0 OUVOUAOUO LE TO YEYOVOG OTL To (810 To
HAOnuo €xel kaBlepwOel pEoa amod TNV EMKPATOUOA EEETOCLOKEVTIPIKI) OTTTLKA WG
Seutepelov Kal OTL Ta ev AOyw kedpalata rmeplapBavovtal oto TEAOG TS UANG, TTou
ouxva ot &ibackouoeg kot OSL6Aackovie¢ Oev KATADEPVOUV VA OAOKANPWOOUV,
katadelkviouv To Babuod amatiwong tng meptPairloviikng evatcbntomnoinong péoa
anod to HABnua to omoio KaTeEoXNV MPOOhEPETAL YLa TNV KOAALEPYELD TNG KPLTIKAG
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okéPng. Tautoxpova pe tnv avadel€n Ttou MPOPAAUATOC OTNV ELOAYNON OUTA
nipoteivovtal BepaTIKEC, TTou Ba pmopoucav va avamtuxBoUv ylo TNV OUCLAOTIKOTEPN
niepBarloviikn ekmaibevon.

Ewcaywyn

H nepBaldovtikn evaitcOntomnoinon otn Asutepofaduia skmaidsvon £xel Bpel pla
B£on ota BewpNTIKA HaBrpaTa KAl CUYKEKPLUEVA 0TO HABnua Twv NEwv EAANVIKWY,
kaBwg kat tng Dhocodiag tng B Aukeiou. Ztnv napoloa avakoivwaon Ba e0TIACOUE
oto I{Atnua tnG mepLBaAAovVTIKAG gualobntonoinong péca amd to MAdnupa tng
Oooodiag egetalovtag ta onueia anod t Sdaktéa UAn, mou mpoodépovtal yla
oulntnon yupw amo to Ofpa tng mpootaciag tou meptBaAloviog. Kupiwg Ba
€otidooupe oe U0 evotnteg SUo Sladopetikwy kepalaiwv, 6mou n avadopd otn
dvon emavépxetal amd OSLadOPETIKEG OTMTIKEC, KO TNG OLOONTIKAC KoL MO TNG
TIPAKTIKNAC Kot 6n moAtikng dphocodiag. H peAétn autwv katadnlol OtL av Kal ot
VEVIKEC YPOUUEG N tepLBaANOVTIKA evaloOnTomoinon 6ev BPIlOoKETAL OTO ETKEVTPO TOU
evbladépoviog Twv ouyypadéwv, ol ekmaldeutikol, ToOu avoAapBavouv To
OUYKEKPLUEVO HABNUa, uropouv va Bpouv onueia mou Ba kEpdilav to evdladépov
TWV Habntwv kat Ba 06nyovoav og apaywyLKO TPORANUATIONO KoL YOV culntnon
avadoplkd HE To aiTla KoL TOUG TPOTIOUG QVTLUETWTILONG TWV TEPLBAANOVIIKWY
TiPoBANUATWVY.

l. @avpalovrtag To Qpaio: ®Uon, Téxvn Kat AtoOntikn Epnelpia

210 SLbaktiko eyxelpibio Dlocodiag tng B Aukeiou to ATNHA Tou TEPLBAAAOVTOG
€€eTAETAL LEPLIKWG KL AIMOOTIACATIKA o€ §U0 KedAAala, amo Ta onoia to mpwto (80)
adopd otnv AloOnTiKr K To SeVtepo (90) otov MoAttiopd ' . Eldkdtepa, otnv Evdtnta
«®uon, Téxvn Kat Atobntikn Eumetpiar» (1n) tou kepalaiov pe titho «Oaupalovrag
To Qpatio» yivetal avadopd otn oxEon HETAL opopdLAc TS pUONG Kal opopdLAC TNG
TEXVNG KoL TipoBaAAetatl n B€on OtL n awoBnTk mnyalelt amd tn Ofacn kol TO
Bavpaopo tne ¢uong. H mMpoogyylon Tou eyxepLdiou, wotdoo, ULoBeTel pla
TIAQTWVLKA OTTTIKN, cUPdwWVA PE TNV omola 0 Baupaopog yla puon wg adopunon yla
™V aoOntiki KoAALEpYELX KoL TNV KAAATEXVIKN Snuoupyia €ival pio pdAAov
erunolatn Bewpnon. To eyxepidlo avadepetal yevikd otnv avnouxia tou MAdtwva
yla tnVv emidpaveLlokn anodoon Twv MPAyUATwY Tou GUCIKOU KOCUOU UESA Ao ThV
téXvn, mpooeyyilovtag, Opwg, to INtnua £fioou emipavelakd. Ki auto, ylatl
napaAeimetal pla ovolwdng avadopd otoug AOYoug yla Toug omoioug o MAdTtwy
obnynbnke oe autny tn B€on. O ABnvaioc $pLAGCOPOC UTOTIUA TNV ATTELKOVION TNG
dvong oxL ywatt amafltwvel ™ pvon [ TNV opopdld, TNG, AAAA yLaTti OKOTOC TNG
doocodiag tou gival n avaywyrn o€ €vav KOCHO TEPA Ao Tov GUGCLKO, TIOU YiveTal
QVTIANTITO UE TIG aoBNOoELg, oTov uTEPALOONTO KOOMO Twv Idewv Kat Tou Ayabou. O
MNAdTwyv &ev Katadikalel TNV opopdLd Kal eV yEVEL TNV agla Tng puonG Kal Tou GucLkou
KOOMOU €V YEVEL, OAAA pOVOV TNV PooAAwon oTnv anodoon aUThAG WG AUTOOKOTO.

I BipPidaxng, 1., Kapacudvne, B.& Tovpvé, X., Apyéc Dilocopiac B Taén Tevikod Avkeiov evikig
Hoideiog, Ynovpyeio TToudeiag Kot @pnokevpdtov Ivotitovto Exmadevtikng TToltikng, Adnva:
Ivotitovto Teyvoroyiag Yroroyiotdv Kot Exkddcemv «Atopovtogy, a.y.
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AVTIOETWG, HAALloTa, avayvwpilel OTL N TEAELOTNTA KoL N OHOPPLA TOU GUGLKOU KOGLOU
OVTIKATOTTTPIlEL TNV TEAELOTNTA KAl TNV opopdld Tou L8eatou, ou eival 0 HOVOG
TIPOYHATIKOG. YTIO auTo To Mpiopa n opopdLd tou puokol KOoHOoU EUUVELTAL WG LECO
adOpHUNoNG Kot EPAATAPLO VLA THV AVAYWYLKH TIOPELD TIPOg TNV oAndn yvwon?>. .

H 18éa aut amovtd kot otov NeomAaTwviopd, amd Tov omoio mapatiBetal éva
€€ALPETIKA CUVTOUO XWPLo Twv MAwTivelwv Evveddwv ota ocuvodeutikd Keilpeva:
«KaBe de€Lotnta mou ekva amod TN mapatiPnon TG CUMUETPLAG TWV EUBLWY OVIWY,
yla va $TAoEL WG TN CUUUETPLa 0ANG TNG {wnG, elval LEpog TNG YrepPatikng AUvaung
mou mapatnpel kat Stadoyiletal tn cuppeTpia mou Bacthelel o’ OAa ta Ovta TOU
Nonto! Kdéopou» (V, ix, 11) * . AeSopévou, wotdoo, OTL adevoc Sev n HeEAETN TwV
oUVOSEUTIKWV Kelpévwy elval tpoalpeTikn, adetepou dev UTtApPXEL Kapio emeEnynon
TOoU Xwplou kot otL, e€aAAou, yla tnv avabeon tnv ditdackaAio tou padrpatog dev
nipoBAEnETAL Pl oplopevn dlhoocodikr mpomatdeia, n €Adxlotn autr avadopd
TEPtel 0To Kevo. Na 1o Aoyo auto kaAd Ba Atav va emonpaivetal OtL Kol Tov
NAdtwva, omwg apyotepa otov MAwTtivo kal otoug NeomAaTwvikoug o Baupaopuog
TpogG ta PUOLKA OvTa lval OxL Lovov eVA0Y0G, AAAA Kal avaykaiog, kKaBoTL yevva tov
d\ocoPKO £pwTa, TO MPWTO OKAAL MAVW oTo omoio Ba matriosl o AvOpwmog yLa va
avtiAndOel otL ekTipud TN duoikn opopPLd, EMELSH AUTH QVTIKATOMTPI{EL KATL AKOUN
Lo aAnBwa kat ovotwdec? .

To onueio autd Ba pmopolos va AETOUPYNOEL WG €POATIPLO Yl TNV TPOKANGNH
oulAtnong yupw amd toug AOYoug yLa Toug omoioug n dpUon OMOTEAEL AVTLKEIPLEVO
BauvpaopoU Kot yupw amo tn Bapltnta TNE MPooTaciog Tou puakol mepBAAAOVTOG
* KATL TETOLO, OUWG, HECO aTtO TO SLOOKTIKO eyXelpiblo Sev emiyelpeital, ylati to fapog
™G e&€taong néptel otov kKAAdo tng AloOnTtikng — mapayvwpiloviag achaiwg oOtLn
d\ocodikn e€€taon TOu TPOMOU QVIIPETWNLONG TNG duong eival éva INTnua
€CUPETIKA ONUOVTIKO oTnv Tepox TNG Mpaktikng ¢lthocodiag, HE ONUAVIKEG
BEWPNTIKEG KAl TIPAKTIKEG TIPOEKTACELG yLa TN Slapdpdwon KLaG OpLoUEVNG OTACNG
{wn¢ Kot emutAéov adlapdlopitnta emikapo Kat evoladEpov yio Toug HabnTeg.

Il. Midwvtag MNa Tov MNoAttiopd: AvBpwnog Kat Duotko Nepifaiiov

H &deUtepn evotnta, otnv onoia yivetal avadopd otn dpuon, €xeL Tov Titho «AvBpwTtog
Kat Quotko NeptBailov» (4n tou kedpaAaiou pe titho « MAwvtag MNa Tov MoOATLoUO).
To kepalalo auto ekwvdel pe tv TpooTtdBela mPoodloplopol TNG €vvolag Tou
TIOATIOHOU, EEKIVWVTOG OO TOV EVTOTILOMO TNG olautepotntag tou avbpwrou. To
OKEMTIKO €dw elval OTL n dnuioupyla Tou avOpwTvou TIOATIOHOU amodiSetal oTig

2 MMAbdrov, Tiuaiog, 30d-31a: «z yop 01 vontd (Ba wévra éxsivo v éavtd mepilafov e, xabamep 6oe
0 [30d] xoouog nudc doa te AL OpEuuoto. GOVEGTHKEY OPOTA. TA YOP TV VOODUEVWY KOALIOTQ Kol KOTO.
Tavo. teAéQ paiiota abtov 0 Beog opoidoor Povinbeic (dov Ev dparov, mavl’ oo avtod Kot pvory
ovyyevij (@o évtog éov éavtod, ovvéotnoey - R. Kraut, (ed.), The Cambridge Companion to Plato,
Cambridge: Cambridge University Press, 1992, pp. 283-305- R. A. D. Pollard, Plato on the Cosmos:
The Spirituality of the Physical World, Lanham, MD: Lexington Books, 2011, pp. 50-75 - A. E. Taylor,
Platos Timaeus: Theories of the Physical World , London: Methuen & Co. Ltd., 1928, pp. 120-135.

3 BipPidaxng, Kapaouévng & Tovpvd, o. 201.

4 Maortivov, Evveddes, A',(, 2B, 0,16-17-T,n, 11- A, 1, 6.
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S10pop£EC TTOU MOPATNPOUVTAL AVAECSA 0TOV AvOpwIo Kal ota {wa Kal Kupiwg OTL 0
avBpwrmoc opiletal wg {wo MoALTko, mou dlabgtel Adyo, Aoyikn, ateOntikn, NN,
ocuvaoBnpata, Snuloupylkotnta, ouveldnt OnuoupylkdTnTa Kol €AeuBepia
BoUAnong. Oa mpemnel PePaiwg va emonpavOel OtL n okéPn auth elval apketa
nipoBAnuatikn, yiati moapouctdlel to {Wkd BaciAelo wG a§LOAOYIKA KATWTIEPO TWV
avOpwrvwyv  Kowwviwv Kot TV TepBaAlovTik)  gualoOntomoinon  Oxt  wg
ovaykalotnta, oAa w¢ emthoyn kot TPAEn Tmpooalpetik). EEaAAou, authi n
OVTIUETWITILON EVEXEL TOV Kivbuvo SLoAloOnong otnv mopwyxnHEVN KAl KATAKPLTEQ
ONUEPA SLAKPLON TWV MOAITIOUWY OE AVWTEPOUC KoL KATWTEPOUG, A0 TOUG OToloug
ol teAsutaiol e€Ll0WVOVTOL HE TIC KOWVWVIEC TWV {WwV.

ITov avtimoda tTng MPOCEYYLoNG AUTHC ULla PEOALOTIKOTEPN Ba ATtav ekeivn Tou Ba
£€0€TE WG KPLTAPLO TIPOOSOU TOU aVOPWTILVOU TIOALTIOHOU TNV ETOVOLKELWON HE TO
¢duotko meptBarlov. MNa napdadeypa, Ba pnopovoe va Aeltoupynoel wg ePaATrpLo
™G Bewpnong epi MOALTLIOMOU N avaAuon thg dpaong ou amodidetal otov Maxatua
MkAvtL 0TL «O TIOALTLOMOG €VOG €BvouG daiveTal amo Tov TPOTO TIOU UETAXELPLlETAL T
wa» ° . H ¢hocodia tou Ivsol moAtikol eotiale otn un xprion Biag kat otov
ogBacpo mpog oA ta EUPLa OvTa, OXL LOVOV OTLG OXECELG LETAED TwV avOpwnwy, aAAd
KoL 0T ox€on Tou avBpwrou pe Ta {wa kat tn ¢uaon. H nBkr mpoodog HLag Kowwviag
urmopel va KplBel amd to Mw¢ aut avTIpeTwrilel ta mo advvopo UEAN NG,
oupnepAapUBavopEvwy Kol Twv {wwv. H Tipooéyylon autr €XEL TO TAEOVEKTNHA OTL
BEteL wg alwpa tnv avaykalotnta tng mepLBaAlovikng evalodntomnoinong, onote to
enMouevo gVAoyo PBrApa Ba Ntav va eeTaoctel av yivetal aUTO Kal yLoTl TPEMEL, N
avtlotpodwg edv de yivetal autd, yla moloug Adyoug kal mw¢ Ba pmopoloe va
avtotpadel n kataotaon.

H gvotnta mou gotidlel otn oxéon avBpwrou kat puokou mepBaAloviog sival n
televutaia Tou kepahaiou kot n teAevtaio tng SLEAKTEAG UANG €V YEVEL. AUTO TIPOAKTLKA
ONUAlVEL OTL, OTIWG ELVOLL AVALEVOLEVO YLO EVOL LABON O TTOU €XEL KaOLlepwOEel péoa amod
TNV EMKPATOU 0O EEETACLOKEVTPLKN OTITIKA WC SeUTEPEVOV, CUXVA OL SLOACKOUOEC Kol
S16aokovteg dev KkatadEpvouv va Pptacouv otnv e€€Tacr TOUC N va TV
OAOKANPWOOUV, TIPAYHO TTOU UE TN OElpd Tou KatadnAol tnv unodecatepn B€on mou
EMEXEL N TEPLBaANOVTIKY evatloBnTtomoinon PeEoa oo to HAdnua To onoio KateEoxnv
nipoodEPETAL YLt TNV KAAALEPYELA TNG KPLTIKNAG OKEWYNG.

ApxKa yivetal plo elcoywylkn avadopd oTLg amapXEG TNG CUVELSnTOMoinoNG TG
OLKOAOYLKNG Kpiong kot o€ ¢awopeva mou katadnAolv to TPOPANUA, OMwWG TO
dawopevo tou Bepuoknmiou, TN pUTIAVON TOU AEPQ, TNG OTEPLAG Kal Tou Ldpodopou
opilovta, TNV e§adavion Putikwv Kat {wikwv 8wV, A TNV €€dvtAnon twv GuoKwWY
Topwv. Mapd To YEYOVOC OTL AUTEG €lval TTOAU GNUAVTLKEG ETLONUAVOELG, N avadopd
eival efalpetikd oUVTOUN KoL YIVETOL TTAVTO Ao HLo avOPWITOKEVTPLKN OTTIKA (YLl
napadelypa n Kataotpodr) Tou 6Zovtog TnG atpoodalpag cuvEEETaL PE TNV Epdavion
TUTIWV KapKivou Tou 8£puatog). TNV avOPWITOKEVTPLKA OVTLUETWTTILON TOU PpUGCLKOU

5 L. Fischer, The Life of Mahatma Gandhi, Harper & Row, 1950, pp. 198-202 - R. Iyer, The Moral and
Political Thought of Mahatma Gandhi, Oxford University Press, 1973, pp. 190-205.
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nieplBailovtog, akoAouBel pa emipavelakn avadopd otn BavoucotnTa AMEVAVTL
otn ¢uon Kal ota {wa, EVW ETILKPATEL N OMTIKN OTL oL SUTIKEC afieg Suoxepaivouv TNV
oAlayry Bewpnong Tou ¢ucikou TEPBAANOVTOG KAl TNG OXEONG TOU avOpwrmou Me
QUTO.

‘Etol, emonpaivetal OtL ival Kowr mapadoxn n ouvdeon NG QAVTLUETWITLONG TOU
TEEPLBAAANOVTOG JLE TNV OLKOVOLLKH TIOALTLK) TIOU ava €TTOXN Kal tepLoxn akoAouBeital,
KatBwg KoL N avaykn xapagng Kag vEag OALTLKAG. Me aUTO TO OKETTIKO avamtUooETal
To Simolo “pnxn” katl otn “Babld” owkoloyia, amd TIg omoieg n MPwWIN €0TLALEL OE
SLOPOWTIKEG KIVAOELG EVIOG TOU UTIAPXOVTOG MOVTEAOU avamtuéng, evw n Seutepn
aflwvel pla oAAayr) TOU KOWWVLKO-OLKOVOULKOU OUOTHHATOC Paclopévn otnv
avaBswpnon tng oxéong avbpwrmou — duong. OL ocuyypadeic KataAryouv OTL «n
ONUAVTIKOTEPN TINYl TOu KakoU e€ival Ott n nbwkn poc OSlamvestal omo
avOPWTTOKEVTPLOMO Kal twe Ba mpémet va Stapopdwooupe pa véa nbkn mou Ba
enekteivetal ota {wa kat iowg o€ 6o Tov MAavATn» °. .

Yta Kelpeva — ou BEPRata ival TPOoALPETIKA TTPOC LEAETN — MopaATIOTAL £va TTPAYyaTL
evbLadpepov anoonacpa tou AgBi Ztpag. O FadAAog Stavontng, UTEPUOXOG TG Bewpiag
TOU OTPOUKTOUPOALoHOU wG Bewpiag mpoodopng yla tnv katavonon tng eEEAENG TG
avOpwrvnG KOWWVIaG KAl TOU TIOALTIOMOU, avadepel: «AkOUNn Kal ol Aol mou
anokaAouvtal “npwtoyovol”, Toug omoioug peAetolv oL €éBvoAdyol, Stamveovtal ano
€vav Babu oefacuod yia T wikn kot T GuTikn {wr: o oeBacpdg autog ekppaletal
oo AUTOUC HE TPOTIOUG TIou Toug Bswpolpe mpoAnPelg, oL omoiol OHWG, oTNV
TIPAYUATIKOTNTA, CUVIOTOUV OTTOTEAECHATIKA HECO ylol TN Slatpenon HoG GUOLKAG
Llooppomiag avapeoa otov avlpwro Kal oto mePLBAANOV To omolo eKUETAAAEVETAL.
[...]»7 . OLKOWWVIEC TTOU AVAKOV GTOV TPWTOYEVH TOMEN OLKOVOULKAC §paoTtnpLoTnTOS
umepeixav amod toug onUEPLVOUG TIOALTLIOMOUG WG TIPOG TO OTL akoAouBoucav éva
OLKOAOYLKO MOVTEAO OVATITUENG TNG OLKOVOLOG, TIou avTLSLaoTEAETAL otV GAoyn
eKUETAAMEUON TNC dUONG ATO TOV AVOPWTIO CrUEPO — TIOPATIEUTIOVTOG EVTOVA OTNH
ouyxpovn Tacn t¢ Blo-olkovopiag, mou Bewpeitat SieBvwg n o mpoodatn ekdoxn
QVATTUENC TOU OPLUOU KATILTAALOLOU.

H avadopd autr) — mou Toviloupe OTL, av Kal mapatibetal, HEVEL 0TO TEPLBWPLO TNG
HEAETNG wC TapAAAnAo kelpevo — emavadepel o {ATnUA TNG Bewpnong twv
TIPAYUATWY UTIO TNV UTTEPOTITIKI) SUTIKI omttikn. Ot duTtikol moAwtiopol, 161ka tov 190
awwva, urootnpav oBevapd TNV avwTEPOTNTA TOUG KAl TO CUVOKOAoUBOo xpEog
e€aywyng aflwv kat Beopwv tou Sutikou KOGoPoU oto mAaiolo Tn¢ dthavBpwriag. To
«XPE€0G TOU AgukoU avBpwrmou» (the white man's burden), mou npdBaiiav ot AyyAot
KOL N «TIOALTLOTIKA armootoAnR» (mission civilisatrice) twv FAAAwv, KaAUTTAV PE TOV
pavéla Tou PECCLAVIOHOU TNV IPOBECN TOATIOMLKNAC KOl TTOALTIKAG EMLBOANC KAl TOU
ETEKTATIONOU, OTO TAQLCLO TOU OToioU Ol BEWPOUUEVEC WG UTIAVATITUKTEG TIEPLOXEG
AswtoUpynoav w¢ TNy TPWTWV UAWV KoL EPYATIKOU SUVAULIKOU yla TNV KAAUYn Twv

¢ BipP1daxng, Kapasuévng & Tovpvd,,, o. 243.
7 Khovt AgBi-Zrpoc, “Tovodia”, Ae Movt, 21-1-1979, oto: Bippidaxng, Kapasudvne & Tovpvd, .
244,
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TOPAYWYLKWY  OVAYKWY TWV HNTPOTOMTIKWY Ywpwv®. AvBpwrmol Kkat ¢uotkd
nieptBarlov unnpéav e€icov BUpOTA AUTOU TOU HECGCLAVIKOU, LUMEPLAALOTIKOU KOl
KQTUTAALOTIKOU HOVTEAOU, TIOU £€0€0€ TA KPATN OE €vavV OTEPUOVA KOL OVEEEAEYKTO
QVTaYyWVIoOUO Xwplg kapio mpovola yia eva Buwotpo péAov. To gyxelpidlo opbwg
KatoAfyeL OtL «n akpaio avtiAnyn (mMou akOpo KoL CAUEPA ETLKPATEL O HEYAAO
Babuo) ot o avbpwrog eival deomoTNG KAl Kuplapxog tng duong, tnv omoia Kot
oVTIAQUBAVETAL UE EVAV UNXAVLIOTLKO TPOTIO, amoteAel dpayuo yla To EEMEpacpa TNG
olKoAoyIkAC kpionc» . Mpdypaty, o TMOATIOMAC Eekivnoe pe TV MPOOTABELL TOU
avBpwrou va umepPel Toug PUOLKOUC KATAVAYKAOUOUG KoL va aflomoliosl ta
otoleia TG dpuong ya tn BeAtiwon tng {wng tou. H avtiAnyn, wotodco, otL n ¢uon
elval éva am\o péoo yla tnv e§unnpétnon tou avBpwrmou dev eival MAéov povov
apwynNUevn, aAAd kat amodedbelypéva emikivéuvn.

H oulitnon Ba umopouoe armod To CNUELO AUTO Kot EMELTa vaw avartuxBel pe avtiBeon
QVALECO OTA TPWTA OTASLA TOU TIOALTIOMOU, OTIOU ETUKPATEL APUOVIKH cUVUTIAPEN HE
T0 PUOLKO TEPLBAAAOV Kal pLa ATiLal Kol AEAOYLOUEVN EKMETAAAEUON, KOLL OTO ONUEPQ,
TIou Xapaktnpiletal and apetpn kot dloyn e€dviwaon tou ducotkoL epBailovtog, o€
HLOL ETIOXN HAALOTO KOTA TNV omola n texvoAoyia kot ol ePAPUOCHEVEG ETILOTAMES
€XOUV TIPOTEIVEL CUYKEKPLUEVEC KOl UAOTIOLOLUEC EVAAAAKTLKEG TWV TIEMEPOACUEVWV
Kol aretAoUpEVWY GUOLKWV TINYWV. ME QTOULKEG I OMOOIKEG EPYACLEC OL LOOATPLEC
Kal ol pobntég pmopouv va odnynBoulv ol (Slol oTNV EMOAUAVON CUYKEKPLUEVWV
TPOMWV € TOoUG omoioug ekdbnAwvetal Bavavootnta anevavit otn ¢uon kot ota {wa,
HEOQ MmO Yeyovota, TEPLOTATIKA Kal dawvopeva kat va diepwtnBouv yua 10
avamOPEUKTO AUTWV KOL YLt EVAAANAKTIKOUG TPOTIOUG SLaXEIPLON G TOUG.

ITn ouvéxela n oulAtnon Ba pmopouoce va otpadel otnv avalitnon Twv TPOMwvY
OVTLLETWTILONG, 0€ OUAAOYLKO Kal atouko eminedo. Ooov adopd 10 cUAAOYIKO, TO
HEYOAO pePLSLO guBUVNG TEPTEL OTIG KUPBEPVNOELG Kal ekel Ba ATav efalpeTika
evéladépov va KAnBouv ol pHaBnTpleg Kot ol padnteg va peAetnoouv Becpolc mou
€YoV £l0a)BOEel ylol TO OKOTIO QUTO KoL VO TOUG 0€LOAOYOOUV WG TIPOG TNV NBLKNA Kal
TNV AMOTEAECUOTIKOTNTA TOouG. Mé€pa, OuwC omo Tn oUAAoyLK €uBlvn, eival
ONUAVTLKO va. culnTnOEel Kol N ATOULKI), TTOU cuvioTaTal 0TNV aAAayr) TwV EMAOYWV
KOLL TNG CUUTTEPLPOPAG EV YEVEL.

Ill. Npwtn dbaaoca n apxatoeAAnvikn pthocodia

Av avaAoyloToUPE OTL O TIOMTIONOG Tpaypatt éekivnoe amod tnv mpoomabela Tou
avBpwrmou va emBLWoeL Kal va cuVUTIApEEL evtog Tou duokol TeptBailovtog, Ba
afille ano tig SL6A0KOUOEC Kal TOUG SLOAOKOVTEG Hla avadpopn OTnv LoTopia TG
¢oocodiag, oto mAaiolo tng omolag €xel oulntnBei Sie§odikd kol ouveyilel va
anaoXoAel n oxéon tou avBpwmou He tn PUON, N TOWKIAOTPOTN TPoodopd Tou
dUOLKOU OTO KOWWVIKO TEPLBAAAOV, Ta OSLKALWMOTA KOL Ol UTIOXPEWOEL; TOU
avBpwrou amévavit otn ¢uon. OL mpwrtol Pphocodol nou €Becav tn duon oto

8 M. Burrows, (1986). "Mission civilisatrice: French Cultural Policy in the Middle East, 1860 -1914".
The Historical Journal. 29 (1): 109-135.
° BipPidaxng, Kapacuévng & Tovpvd, o. 244,
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ETUKEVIPO TNG PLAOCOPIKAG €peuvag nAtav ol emovopalopevol «duoikol» n
«TIPOCWKPATIKOLY, TIOU avayvwpilovtag otolxeia tTng $¢UoNg we T MPWTA ATl TOU
KOOUOU, €lonyouvtav po Bewpnon n omoila avayvwplle Ta OTOLKED QUTA WG
ONULOUPYLKEG SUVAMELG, KATIOTE KAl SNULOUPYIKEG BEOTNTEG (OTWG TOU NPOKAE(TELO
nup) kot apa dfiec oeBaocpo '°,

Autn tnv Béon apyotepa Staknpuiav avolxtd ol Itwikoi (4og aL.m.X-30¢ at. p.X.), ot
6nAadn oL tpetg Suvapelg tou kuBepvouv Tov KOopo, To Bglo, n Duon kot n Elnappévn,
oUAM\eLlToupyoUV Kal tautifovtal, kaBotL mpooPAEmouv oto KaAO tou Koopou. O
AvOpwTog, KATA TOUG ZTWIKOUG, amoteAel pEpog TG duong kat odeilel va el o€
appovia pe authv, dnAasdh «opohoyoupévwe Th dvoet Liv» 'L H avBpwrmvn dpuon
glval TuApA T™¢ mMaykoopag ¢uong, Gpa TPOYHOTIKO EUTUXLOMEVOG lval pOvVOV
ekelvo¢ mou el oUpdwva pe tn duvon. Ta ocupPePnkota, petafd Twv omolwv
ouyKaTaAg€yovtal Kot Ta UALKA ayaBd, eival ano adtadopa éwg kat emtPAaBn. MNa v
okpifela, n mpwrtoyevw¢ ayabn ¢von Tou avOpwrmou AAAOLWVETAL ATO TIG
TIOALTLOMLKEG ETUPPOEG Kal N oAAoTpiwon auth odnyel tov AvBpwno o€ ACTOXEG
avTIAAYELG Kol ETILAOYEG. XPEOG TOU €lval va cUVELSNTOTOLAOEL OTL N TPO0SOG TOU
TIOATLIOHOU 08nyel og €vav NOWKO ekPUALOUO Kal va KivntomolnBel o 16log, waote va
arneAevBepwObel amod TIC eykOOULIEG emLBUpieC Kal Ta mAON mou n Kowwvia £€xeL
kaAAepyrioet 2.

JUVETIWC, N Bewpla Twv ZTwWIKWV Bpioketal EekdBapa oTov avtimoda Tou UALGHOU, TOU
KATAVOAWTIOMOU KOL TOU KOTUTAALOpOU, KaBotL mpoteivel po  Sladopetikn
OVTIUETWTTILON TOU puoLkol meplBariovtoc, ue osBacpo avaloyo Ue eKeivov Tou Ba
apupole oe ua Beodtnta. O AvOpwTog KATA TOUG 2ZTWIKOUG Oev TPEMEL va
EKUETOAAEVETAL TN dUON, YLOTL TOTE AVTLUAXETAL KAL TNV TIPOOTTIKA TNG 6Lag tng
gunuepiag — kat 8n TNG OUGLAOTIKAG- TS ATOLKAG Kat ThG SUAAOYIKAG . Achawg ot
ZTwikol amoteAoUv pla Wolaitepn, aAAd OxL povadikn mepintwon omou n ¢pthocodia
naipvel Oéon amévavil otn QVILUETWILON TV omolo— Nén amd tnv €noxn ekeivn
Sladpawotav otl- Ba eixe o avBpwrmog amévavtl otn GUON Kol AVIITAOOOUV OTO
yiyveoBal to 6€ov yevéaOal.

Zuunepaocpato

Yuvoyilovtag tn B€on pag, Ba mpémet va emonavOel OTL Eva TOCO CGNUOVTLKO YLO TV
avBpwnotnta {Atnua, Boa €mpene aopoAwg va e€etaletal Sie€odikotepa Kal
pueyaAutepn €udaon kot OtL, €av n StdackaAio Tou pabnpatog tng ¢thocodiag
oTNPLXOEl ATTOKAELOTIKA KOl LOVOV 0TO SLOAKTIKO EYXELPLOLO Kol OTLC TIPOPBAETIOUEVEG

107, Barnes, The Presocratic Philosophers. London: Routledge, 1982, pp. 11-50, 300-320 - G. S. Kirk,
J. E. Raven & M. Schofield, The Presocratic Philosophers: A Critical History with a Selection of Texts,
Cambridge: Cambridge University Press, 1983, pp. 76—150.

' Atoyévn Aaéptiov Bior xoi I'vduar t@v év pilocopia sbdorxunodvrwv, VII, 87,

12 M. Frede, Essays in Ancient Philosophy, Minneapolis: University of Minnesota Press, 1987, pp.201—
222- D. E. Hahm, The Origins of Stoic Cosmology, Columbus: Ohio State University Press, 1977, pp.
53-72,97-120- J. Sellars, Stoicism, Berkeley: University of California Press, 2006, pp. 24-38, 85-96.
13 Méprog Avpriidtog, Ta Eig Eavtdv, prep. -oxoia Gregory Hays, Penguin Classics, "Meditations", 2
1-3- 4 23-27 - Awoyévng Aaéptiog Biot kar I'vauar twv Ev @ilocopio Evdokiunodviwv, putep. -oyoio
R.D. Hicks, Oxford University Press, VII, 85-88
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o6nyieg Stbaokaliag, elvol PKPEC oL TIBAVOTNTEC VoL avamTtUEoUV oL LaBNTPLEC Kal oL
Haobntéc g  ouotaotiky  meplBaldovtiky  evalobntomoinon  péow  TOU
OUYKEKPLUEVOU HaBrpatog, kabotL Ba otepnBolv tnv gukatpia pLag TTOAUTIAELPNG
TPOCEYYLoNG Tou InTApatog kat Babutepng katavonong tou mpofAnuatog. Edv,
OUVETIWG, oL cuvadeAdol mou avaiappdavouv tn SitdbaokaAia tov pabrpatog autol —
€VOG HaBnuatog mou amoteAel pwtewvr e€aipeon oto kaBapd €eEETACLOKEVTIPLKO
EKMALSEUTIKO OUOTNHA TNG XWPAS LOG- ELPOPEVOVTAL OO YV OLO TIPOBANUATIOUO YL
TO MEAAOV TOU avVOpWTTOU Kal TOU KOGHOU, odeilouy va epmAoutioouy tn dtdaokaAia
TOUC UE eVOANOKTIKEG HeBOSOUC Kal POOBETEC MNYEG, Tou Ba Toug emttpéPouv to
OoXeOLOOUO HLAC OELPAG HABNUATWY LKAVWV va KaAALepyrioouv thv adnptta AEov
avaykaio meptBariovtiky evaltoOntonoinon tng HaOnTkAG KowoTntag, ATOL TWV
QUPLAVWV TIOALTWV.
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