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Extended Abstract

Raising awareness among young people and changing their behavior and habits
concerning energy usage and the environment is key to achieving a sustainable planet.
Promoting sustainable behavior at school impacts the home behavior, as children
communicate their newly acquired knowledge to parents. In this context, reinforcing
the educational community on educating new generations potentially has a multiplier
effect for reducing our environmental footprint.

loT sensing and related scenario and practices, which engage school children via
discovery and educational activities, focusing on encouraging sustainability of energy
and natural resources, are examined in this paper. As an example of such an approach,
the GAIA platform can act as the basis for scenarios utilizing real world data for
educational activities that encourage energy efficient behavior. In addition, the use of
seawater sensors in STEM education, that has been realized in very few cases, is
proposed as educational scenarios utilizing real-world data that are worth exploring.
The GAIA platform (Mylonas et al, Amaxilatis et al, 2017) is one of a number of
recent loT systems that focus on the educational community. A real-world 10T
deployment is spread in 3 countries (Greece, Italy, Sweden), monitoring in real time
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18 school buildings in terms of electricity consumption and indoor/outdoor
environmental conditions. The data collected is used as input in educational scenarios,
whose goal is to educate and attempt to transform the behavior of students through a
series of trials conducted in the educational environment. Feedback mechanisms
inform the students and teachers on current energy consumption at school; in this
way, they assist towards raising awareness regarding environmental effects of energy
spending and promote energy literacy among students.

GAIA (Mylonas et al, Nov. 2017) is based on the assumption that continuous
monitoring of the power consumption-related behavior of students can positively
contribute towards energy savings. Since the 10T deployment is multi-site and multi-
country can motivate, e.g., to identify energy consumption patterns in different
countries and across different climate zones. This can be used to draw comparisons or
kickstart competitions; for instance, students of school A can compete with students
of school B in terms of energy efficiency. This could also help to better understand
cultural differences with respect to energy efficiency awareness and sustainability.
The devices deployed provide 880 sensing points organized in four main categories:
(1) classroom environmental comfort sensors (devices within classrooms); (2)
atmospheric sensors (devices positioned outdoors); (3) weather stations (devices
positioned on rooftops); and (4) power consumption meters (devices attached to the
main breakout box of the buildings, measuring energy consumption). The loT
deployments vary significantly from school to school (e.g., in number of sensors,
hardware manufacturer, networking technology, communication protocols for
delivering sensor data, etc.). The 10T devices used are either open-source hardware
loT nodes (based on the Arduino popular electronics prototyping platform, Pocero et
al, 2017) or off-the-shelf products, acquired from loT device manufacturers. The
platform also incorporates participatory sensing technologies for periodical collection
of energy usage to acquire information in buildings where no 10T sensing elements
are available, e.g., utilizing web/smartphone/social networking applications for
acquiring information on room occupancy, usage of conditioning or special
machinery, opening of windows, etc. The goal of GAIA is to include the users in the
loop of monitoring the energy consumption in the buildings they use daily, thus
making the first steps towards raising awareness, connecting the educational activities
carried out at schools with their activities at their home environment and also
engaging the parents and relatives at home. The teachers can initiate participatory
sensing sessions during the courses, so that students can use phones and tablets to
gather data in real time and then review them in class, as part of an educational
activity.

Bringing loT into the sea: Most loT related research focuses on terrestrial
applications. Even when offshore infrastructures or vessels are considered, 10T
devices are mostly deployed in “dry” surfaces and only some specific transducers are
actually deployed into the water. The underwater environment is hostile, and
consequently underwater 10T devices are very expensive. If you only consider a
reliable water-proof housing for shallow water, it costs at least 2 orders of magnitude
more than the respective terrestrial solutions, or even more in the case of deep water
scenarios. Underwater operations are complex and challenging. As an example, the
fast growth of algae or microorganisms can rapidly affect the quality of sensors
readings that have to be often cleaned up. In addition, underwater communications are
still extremely difficult and energy hungry; RF propagates only at a few centimeters
and only acoustic or optical communications can be used for longer distances. The
energy cost of underwater communications strongly limits the device lifetime that is
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usually in the order of few months at best and requires frequent replacements of the
batteries, a time and resource-consuming task. Finally, communication standards are
emerging only in the last years.
Due to these reasons, the availability of underwater 10T data is still very limited. One
of the few attempts to provide a federation of underwater testbeds for the Internet of
Underwater Things is the EU project SUNRISE (SUNRISE Project website). While
SUNRISE clearly showed us the potential of exploring underwater data, it was not
originally conceived for STEM educational activities, and both the complexity of the
tools and the costs of the equipment are not yet suitable to be operated by students.
Despite these difficulties, there are already some efforts for more affordable tools for
underwater investigations (Baichtal, 2015) (OpenROV website) (The Cave Pearl
Project website) and is, however, possible to design significant STEM activities that
focus on shallow water and/or surface sampling that significantly lower the above
discussed difficulties. Indeed, the focus on the shallow water and/or the sea surface
allow us to a) engage students in participatory sampling (i.e., they are directly
involved in the sampling procedure at sea), b) deploy relatively simple networking
infrastructures capable to deliver the data acquired by possible underwater
transducers. In the latter case, the transducers can be placed underwater and the
collected data are delivered by a cable to a wireless device on the surface that makes
them available on the cloud.
In order to achieve better use of the potential of the sea and protect it at the same time,
more detailed studies are still required (Green Paper Marine Knowledge 2020, 2012).
In this paper, we propose a set of educational scenarios, whereby sensors are used to
measure physical and chemical marine parameters. Bringing the 10T into the sea is
still very difficult, therefore the focus of these scenarios is on surface sampling
activities that are more affordable in the context of STEM educational activities.
The steps of the pedagogical activities followed are: awareness, observation,
experimentation and action. School students located in Europe's coastal areas use
portable equipment to carry out relevant measurements and submit them to a database
they have access to. Depending on the teaching needs and priorities, students can
collect and analyze the following:

e real-time values and any fluctuations of them during the observation period of

the activity,
e changing values for longer periods of time, e.g., making comparisons between
different times of the day, between months, seasons, or years,

e variance of the phenomena between different areas.
The mathematical and scientific thinking developed in the above process can be
exploited in various ways by tutors, in the context of teaching mathematical and other
science skills, not only during science courses but also in cross-thematic approaches
that combine such observations and analyze the economic, social and other aspects of
our efforts for clean seas.
Discussion: During spring 2017, a set of preliminary GAIA testing was conducted
over several weeks to get feedback regarding the educational scenarios that promote
energy efficiency and sustainability. Several hundreds of students and teachers had a
first interaction with the GAIA platform, while a form-based survey was conducted
focusing on the gamification component. 78% of the students found the content of its
gamification component interesting, and an 89% found the activity user-friendly.
Regarding the acceptance of the tools from educators, the direct response gathered
through a set of workshops, addressed specifically at educators, has been positive and
several schools have provided their own proposals for schedules to integrating GAIA
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tools in their curriculum. Thus, in terms of overall acceptance of both the tools and
the infrastructure inside buildings and the schools’ curricula, these results indicate that
GAIA’s educational scenarios had a quite positive initial response.

In addition to the GAIA platform that facilitates educational activities and scenarios
for energy awareness and environmental sustainability utilizing real data from loT
sensors, we present here a number of alternative scenarios utilizing different data sets.
Marine water scenarios remain an undiscovered but challenging territory that remains
unexplored in STEM education. loT platforms such as GAIA can facilitate
educational scenarios towards the sustainability of the environment, based on
understanding the implications of real world data.

Keywords
IoT, sensors, educational scenarios, environmental awareness, energy efficiency
education

Iepiinyn

H gvaioOnromoinon tov vémv kot n aAlayn T@v cuvndeidv T0ug 06OV apopd otV
npootocioc. tov mePPdAlOVIOC Ko TNV gEokovounon evépyelog, Oa  etvon
KaHOPIoTIKNAG ONUAGIAG Yo TNV doTpNoT VOGS PIOGILOL TAAVATN GTO €YYHG LEALOV.
Ye autd 10 MANIGLO, M OVTIYETAOMION TNG KAMUOTIKNG OAAOYNG Oomoltel opywkd Tnv
EVNUEPMOT KOl KOTOMV TNV OAAQYT] VOOTPOTIOG KOU EPOPLOYT] GUUTEPIPOPDV
QUMKOTEP®OV TPOG TO TEPPAALOV. Xg avtd 1o Keipevo, mopovotdlovpe HepKES
exmadevtikég mpoktikég STEM  mov a&omowodv cvotiuota  Atadiktiov Tov
Avtikeipévov pe acntpec (Internet of Things, [oT), oe cuvdvacud pe KatdAAnia
OoYEOIOGUEVEG EKTOUOEVTIKEG dpacTNPLOTNTESG depeuvnTiKNg padnong. H evioyvon g
EKTTOOEVTIKNG  KOWwOTNTOG OtV  TEPPUALOVTIKY]  ekmaidevon Tov vEov  €xet
TOAOTAQGIOOTIKO  OTOTEAEGHO, KOODC M vWOETNON  EVEPYEIOKA  OTOSOTIKMV
ocuvnbswwv emnnpedlel Kot T0 GUEGO OWKOYEVEIOKO TOVG TEPIPaiiov. Qg éva T€T010
napddelypa, 1 mAoteopuo tov Epyov GAIA a&lomotel mpaypotikd dedopéva amod
OYOAMKA KTiplo, Kot pmopel vo ypnowomomBel g Pdon yw N oyedioon
exmadevTik®v  opaoctnpotitoy  STEM, aviAovtog dedopévo  amd  dbpopa
nepPdArovra. Emmiéov, mpoteivetan n gprion osOntipwv yo ™ pétpnon Pacikov
OKEAVOYPOPIKMOV TAPAUETPOV OO 1 Beppokpacia, 1 arotdtmra, TO SOAVUEVO
o&uyovo, n aAkaAkoTnTa Kot 1) BoAepotnTa o mapdktio mepPdAiovta, n onoia dev
éxel e€etaotel 010 MOPEADOV, MG Eva EMOUEVO PrILa Y10 TO GYEOAGUO EKTTAOELTIKDV
GEVAPIOV 0VTOD TOV TUTOL.

AéEarc-kreoud
[oT, aweOnmpeg, exmodevTiKd cevapia, TEPPOALOVTIKY] GLVEIONGN, EKTOUOELON Kol
EVEPYELOKT KATAVAAWOOT).

Ewsaymyn ko otoyor

O e€eliéelg Tov tehevtoinv XpoOvoV oto diKTua ACVPUATOV aGONTNPOV KOl TIG
OYETIKEG TEYVOAOYiEG pOG o0Myovv pe otabepd Prpota mpog €vo Aladiktvo TtV
Avticeipévov (IoT). H gupeia drabeotpdtnta Ao Kot AOYIGUIKOD KOl TO LELOVUEVO
KOGTOG TETOLWV TEYVOALOYIDV TPOCPEPEL TN OLVATOTNTA YPNONG TOVG GE L GEPA
TPOKTIKOV gaproydv. Eva tétolo medio amotelel 0 xdPpog ¢ ekmaidevong, e v
avATTUEN KOWVOTOH®MV YNELOK®V GLGTNUATOV TOV YPNGLUOTOI0VV GUVOVACTIKEG
VINPEGiES GLAAOYNG KOl dlayeiplong dedoUEV@V (TT.y., HETPNON TNG KOTOVOAMONG
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EVEPYELNG KOl TOV TEPPUALOVIIKOV GLVONKAOV GE GYOMKA KTiplo), VO TOPEYEL
OVOADGELS OEGOUEVOV, KOOMC Kol AEITOVPYIEG GVOTAGEMY KOl EWOOTOMCEMY. X& pia
KPIGUUN OTLyUn Yo TO LEAAOV TOV TAGVITI), L0 TPOCEYYLON Y10 TV OVTIUETMICT TOV
mpofAquatog etvar 1 mepParloviikny evaucHnTomoinon HEC® NG EKTOUOELONG
STEM, ooppwva pe v onoio papprolovial ol YVOOEL TMV QUGIKOV ETLOTIUOV, TNG
TEYVOAOYIOG, TNG UNYOVIKNG KOl TOV LOONUATIKOV Y10 TO GXEOAoUO Kot T dte&aymyn
TEWPAPATOV, TNV OVOAVOT Kol epuUnvein TV d€d0UEVOV KOl TNG EMKOWVMOVING TV
QMOTEAECUATOV KOl cvumepaocudtov pe ocvvepyaloueveg ouddec (Psycharis, 2018).
Avto emtvyybvetar pe ocvotiuoata Poacwopéva oe Teyvoloyieg TTAnpogopiag kot
Emkowoviag (TIIE), ta onoia mweptAapfdvouy S1a01KTVOKES KOl KIVITEG EQUPUOYEG,
KaODG KOl EQAPHOYEG KOWVOVIKNG SIKTVMONG Kol XPTOLUOTOOVV dES0UEVA ad TOVG
eykateotnuévovg aiontpec. Ta dedopéva mov cvAiéyovion 0a&lOomoloVVIOL GTO
TAOIC10 €VOG 0plOUOD EKTOOEVTIKMOV OPAGEWV HE OTOYO VO, EMNPEACOLV KOl VO
LETOCYNUOTIOOVY TN GULUTEPLPOPE TV HAONTOV OYETIKA HE TNV EVEPYELOKN
katavédiwon. To mayvidl, o avtayoviouds, m avakdioyn Kot 1 mepuétela givan
a0140TAGTO GTOLYElN TNG dPACTNPLOTNTAG TTOL 0ONYEL BTN YVAOOT).

To &dpBpo avtd acyoieitar pe v gvasOnrTomoinon g GYOMKNG KOWOTNTOS GE
Oépato aswpopiog ¢ omotéAespo eKTAOEVTIK®OV dpactnpotitwv STEM pe dvo
TPOTOVG: o) HE TNV TPoomAbeln  €E0IKOVOUNGONG KOl KOTOYPOPNS  OAAXY®DV
CLUUTEPLPOPAS OTNV KATAVOA®MOT evépyelag, ocvvovdlovtog teyvoroyio IoT wo
TOLYVIOOT) GTOLXELDL LE TN YPNON TPOYUATIKOV dEGOUEVOV 0 GYOAMKE KTipto Kot B) pe
N LEAETN QUGIKOYNUIK®OV PEYEDDV TOAPAKTIOV VIAT®OV OCTE Vo, eKTUNOEl 0 TPOTOC L
TOV Omoio0 Ol JlpOpPeTIKEG avOpOTOyeEVElS TIEGES TPOKOAOVY OAAYEG GTO
nepPdAlov. To televtaio amoterel avtikeipevo €pguvag AOY® TV SVGKOM®OV NG
VTOSOUNG AVTAG YL TN SLOTPNOT TOV SIKTVOL GVALOYNG TV OESOUEVOV.

paypoatikd dgdopéva oty eknaideven STEM

H gvaicOntonoinon oe nepifarloviikd {ntipato yio v aArOyT GUUTEPLPOPAS TOV
TOMTOV OMOTEAEL U0 OO TIG TPOCEYYIGELS Y10 TNV OVIIUETOMICT TNG KAUOTIKNG
oAayne. H Paowkn 10éa givar 0Tt 1 avTeT®OTON TG KAWLATIKNAG OAAAYNG Kot M
eMITELEN PIAOJOEWV  EVEPYEIOKMV KOl KAMUOTIKOV OTOY®OV amoutel aAAayr Tng
CLUTEPLPOPES KOL TOV TPAKTIKOV KATOVIA®oNS Twv ToAtdv (European Environment
Agency (EEA), 2013). Zyetikég ek0éoelg deiyvouv OTL 1] AOTEAEGLOTIKT YPNOT TNG
evépyelog pmopel va 0dMYNoEL 0 €E0IKOVOUNGT] KO EVOEYOUEVMOG GE OLGLOGTIKA
Oetikd mepParioviikd avtiktvmo (European Environment Agency (EEA), 2013).
Inueio exkivnong amotehel 0 ekmodELTIKOC TOpéNg e TV gvaicOntomoinon TV
VE®V KOL TNV 0AAXYT TNG CVUTEPIPOPES Kol TV GLVNOELDY TOVG.

2Opeova e TpoOcEATEG LEAETES, 1| TPOM®ONOT PLOCYL®OV GLUTEPLPOPDOV GTO GYOAEID
emnpedlel kol T0 AUEGO 0tKoyevelaKO mepBailov tv padntov (Schelly, 2012). Ot
ovvevtenEelg mov deENydnoav oto mhaicto tov mpoypdhupatog Powerdown (Crosby et
al, 2012) éoei&av O6tL M oAlOyn GULUTEPLPOPAS OTNV KOTAVAAMOT EVEPYEWNS TTOL
KaAMepyeitor 610 oyolelo umopel va €QoppocTEl Omd TOLG HAONTEC Kol TIC
owoyévelég tovg Ko oto omitt. Ot otoyofetnuéveg mpoomdbele TPocyyiong v
LEADV TMV OIKOYEVELDV £YOVV O OMOTEAEGLO TNV TPOGEYYIOT VOGS LEYAAOVL UEPOVG
TOL TANBVLGLOV KO TOV TOALATAAGLOGUO TV OPEADV.

To épyo GAIA (http://gaia-project.eu) - Green Awareness in Action (ITpdoivn
EvaicOntomoinon oty Ilpd&n,) elvar éva eupomaikd epeuvnTikd £pyo TOL
ameLOHVETOL GTNV EKTTALOEVTIKY KOWOTNTO UE GTOYO TNV TPODONoN BeTIK®V aAloy®dV
OTN GLUTEPUPOPA TMOV XPNOTOV YL TNV £E0TKOVOUNGT EVEPYELNG OTO. GYOAIKA KTipla
(Mylonas et al., 2017). To épyo emkevipovetar oe pabntég dpopwv Poaduidwv
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ekmaidevong amd to Anpotikd, to INvpvdoio, 1o Avkewo kot to [Mavemotuo, oto
TPOCOTIKO TV CGYOAEI®V, Kol TOLG YovelG Tov padntov. Ot dpacTnpldTTEG TOL
épyov meplAapufdvovy moryviomoinon kot ekmTodevTikég dpdoelg Paciopévec oe
TPAYUOTIKE  OeOOUEVOL  EVEPYEIOKNG KOATOVOAWOONG OYOMK®OV KTpiwv o€ TPELg
Evponaikéc ydpeg. O pobntég kot ol EKTUOEVLTIKOL TOV GYOAEI®MV TOV GLUUETEXOVV
0TO £pY0, £YOLV TNV EVKALPIN VO EUTAAKOVV CGE KOIVOTOUEG OPAGELS, Ol OOIEG TOVG
TapEXOVV TN SLVOTOTNTA VO AEI0TOMGOLVV VEEG LOONGLOKEG Kot SIOUKTIKEG EVKOUPTES.
210 mAaiclo tov €pyov €xel avamtuybel kot Asttovpyel cHotnue AlSIKTOOL TOV
Avtikeipévov (IoT) oe EAAGOa, Itoiio kot Zovndio ywoo v emifAeym oyoAK®V
KTIPI®V 6€ TPAYHOTIKO YpOVO, GE OTL APOPE TNV KATAVAAMON NAEKTPIKNG EVEPYELQG,
KaOADC Kol E0OTEPIKMY Kol EEMTEPIKAOV TEPIPairovTiKdv cuvOnkmv. Ta dedopéva
OV GLAAEYOVIOL GTO TAGICLO TOVL €PYov YpNoipomolovvtal o€ &va TANBog amod
EKTTOOEVTIKEG OPACELG TOV OTOGKOTOVV GTO VO, ETNPEACOVY KOl VO LETAGYNUATIGOVV
1 GUUTEPLPOPA TOV LOONTOV GYETIKA LE TNV EVEPYEINKT KOTOVAAMGN GTI GYOAKN
povada. Il  ocvykekpipuéva, OTIG GCULUUETEXOVGES OYOMKEG  LOVAOEG  €YOLV
eykatactafel oe dbpopes aibovceg acOntpeg pétpnong Beprokpaciog, GYETIKNG
vypaciog, EOTEWVOTNTOC, emmédmv BopvPfov kol Kivnong, mov cvvodevovtal omd
e€OTEPIKO PETEWMPOAOYIKO GTAOUO, LE AmMTEPO GTOYO TNV XPNOTN TOV TPUYUATIKOV
TEPIPOALOVTIIKAOV OESOUEVOV GTO £0MTEPIKO Kot €EMTEPIKO TOL KTpiov Yo kdéOe
O(OAEL0 TTOL GLUUETEYEL GTO €PYO.

Kotd ™ dudpkela tov €pyov avamTdooETOl VO KOIVOTOUO GUOTNUO POCICUEVO GE
Teyvoloyleg ITAnpogopiog kot Emkowwviag (TIIE), to omolo mepilapfdvet
JLOOIKTVOKEG KOl KIVNTES €QOAPUOYEC, KAODS KOl EPUPLOYEG KOWVMVIKNG SIKTOMONG
OV YPNCLULOTOOVV TO O€OOUEVE Omd TOLG €YKOTESTNUEVOLS oioOntpes. To
KOLVOTOHO YNOLOKO GUGTNUO YPNCILOTOLEL GUVOVOACTIKEG LVINPEGIES GLAAOYNG Kot
Swxeiptong dedopévev PETPNONG EVEPYELNS, €V TAPEXEL OVOAVCELS OEOOUEVMV,
kaOdg Kot Asttovpyiec ovotdcewv (recommendations) kot gwomomoewv. Ot
EPAPLOYEG OV VAOTOMONKAV 6T0 TAIGLO TOL £pyov eivan éva Voo ZYOAKOV
Awyeprot) (Building Manager System), évo ekmaidevtikd mayvior GAIA Challenge
Kot pio EQOPLOYN KOWMVIKNG OIKTOMONG Kol TPOSPEPOVTAL Yo a&loToinoT amd TOVG
pofntég pe v keBoorynon g  exkmodevtikng  mpootyywons GAIA, mov
neEPLOUPAVEL TPOTEVOUEVO EKTOLOEVTIKA GEVAPLA Kot POAAN £PYOAGLOGC.

XyeTIKn £pevva

H mpocéyyion g mpombnong me PLodcyung cuopmepipopds HECH EKTOOEVTIKMOV
OpPaCTNPOTATOV  EUmNTEL  ©TO0 Tedlo  EQOPUOYNG  SPOPOV  EPELVNTIKMOV
npoypappdtov. To Smart Campus (Medina et al., 2014) emikevtpdveTon o€ TEGGEPLG
ONUOGLOVG TAVETICTNUIOKOVG 16TOTOTOVS UE TAOTIKES EYKATOCTAGELS KOl VAKO, GE
oLVOLACUO HE AOYIGHIKO OV AmeLOVVETOL GE YPTOTEC TPOCOTIKDOV VTOAOYIGTOV 1
KIVIITOV  GLOKELAOV, HE oTdY0 TNV mpombnon ¢ evarsOnromoinong oty
eEowovounon evépyelog. Xto oxoAlKd ktiplo eotialovv ta épya Veryschool (Brogan
et al., 2015) kou Zemeds (Gaitani et al., 2015), oto TAaiclo v onoivv avortdydnke
AOYIOHIKO TOL TOpEYXEL GLUPBOVAEC GTOLG YPNOTEG Y TN Peltictomoinon g
KATavAA®oNG ™G evépyelag kabdg Kot oyetikd epyoleia Kot pebodoroyiec. Emiong,
10 épyo School of the Future (School of the Future, 2016) £xe1 wg omotéleocuo o
OEPA OOMYIDV CYETIKA UE TIG TPOKTIKEG €EOIKOVOUNGNG EVEPYELNG GE EKTOOEVTIKO
nepPAAAOV.

Ot potevopeveg 6to mapoOV ApOpo ekTadeVTIKEG OpacTnPLOTTEG VITEPPaivovy TV
OmAT] EVNUEPMOTN OYETIKA e To (nThpato evepyelokng amddoons. Ot poadntécg
a£10TO0VV TIG TEXVOAOYIKEG EQPOPUOYES Y10, VO LETOTPATOVV GE EVEPYOVS POPEIG TOV
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ocuvvepyalovtarl peta&h tovg ylo vo TapaKoAovBodv Kot Vo SHope@VOLY T ¥PNon
NG EVEPYELNG OTO GYOAEl0 M va AouPdvouv amopdoelg yio 0épata Tpootaciog Tov
nepPdAlovtog. Ta exmaldevTiKd oevlplo amoteAodV onueio ekKivnong yo Tig
OYOMKEG  KOWOTNTEG, Ol omoleg oxedldlovy Kol VAOTOOVV  GULYKEKPUUEVEG
dpacTNPLOTNTES OV GYETILOVTOL [E TIG OIKES TOVG CLVONKEG, £xoVV TpooTIBEuevn adia
Yo T LEAN TOVG KOl €ivat EQAPUOGIIES OTIG OIKES TOVG KOOMUEPIVES EKTTALOEVLTIKES
npoktikés. H  évvolwr g kataypoaeng Kot ovilvong Tov  Oedouéveov  TOv
TePPAAAOVTOC €fvOl KEVIPIKN OTO €PELVNTIKO TEGIO TNG GLAAOYNG OEGOUEVDV OO
acOnmpeg (Burke et al., 2006). Xtnv epyacio avtr, T0 TPOCOTIKA KIVITA THAEP®VA
YPNOUOTOOVVTOL OO KOWVOTNTO YPNOTMV Y10 T GVAAOYN OESOUEVOV Y10 OLAPOPES
EPOPUOYEG OT®G O TOAEOSOUIKOG OYXeOOGUAC, 1 OMUOCLo LYElR, M TOAMTIOTIKN
TALTOTNTA KOl 1] SNUIOVPYIKN EKPPacT) KOODC Kol 1 SLoyEipLon TOV PLGIK®OV TOP®V.
Avt) M pocéyyon €xel ypnoyoronbel and to Cornell Laboratory of Ornithology
(Brossard et al., 2005) o€ évo emGTNUOVIKO EKTAIOEVTIKO TPOYpappLo Yio T Bloloyio
TOV TVeV, eved oto Gpbpo (Kotovirta et al., 2012) ot cvyypageig meptypdpovv
JOKIUEG Yo TNV TTo10TNTO. TOVL 0épa. AvtioTorya, oto EnviObserver (Sun et al., 2014)
TopovotdleTal o AVoN Tov GLUVOLALEL £VO OVOTTUYHEVO GUUUETOYIKO GUGTNLO
aviyvevong yio TV Tapakorlovinon tov mepdriovtog. AAAES GYETIKEG TPOCEYYIGELS
ava@épouvy Tov cuvovacud a&tomoinong dadiktvokdy moryvidiwy pe IoT, pe otdyo
™m peimon g Katavalmong evépyelag og dnuooto ktipa (Papaioannou et al., 2017)
kot (Mylonas et al., 2017).

H evoopdroon pog miateopupog owyeipiong dedopévov IoT kot evog cofapov
oy vVidlov, 610 omoio ot padnTéc avaiapPfdvouy pa GePd OMOGTOAMY YVAOCONS Kot
opbdong, oavapépetoar oto dpbpo tov Garcia-Garcia (2017). Xto épyo GAIA
aVTIoTOl(0, OTIC AMOGTOAEG YVAGNG, VITAPYOVV KOVIL GYETIKA LE SAPOPES TTVYES TNG
EVEPYELOKTG OmAd00oTG Kat eEotkovounong evépystoc. Méoa amd Tig amocTOAES AVTEGS,
0l EKTOOEVTIKOL EVIGYVOVY TN Opdom HadnNTOV pe oTdYO0 TNV OENCN TNG EVEPYELOKNG
amodoong oto oyoMkd Ktiplo. EmmAéov, to Stadiktvakd maryvidlt mpoceépel Eva
ynoeokd TePPEALOV KOWmVIKNG SIKTO®ONG Y10 TOLG MaONTEG Kol TIC OHAdES TV
pontov mov oaAAniemdpovv petald tovg oe Bépata mov oyetiCovror pe Vv
EVEPYELOKT] AOO0GT, OGTE VO LOPALOVTaL TIG EUTEIPIEG KO TO EMTEVYUOTE TOVS KoL
vo. cuvoyovilovtot yio. Kalvtepa amoteAéopoTa yio v opdada tovg (Mylonas et al.,
Nov. 2017).

Y7o apBpo (Heggen et al., 2013), emonuaiverar n a&io TG CLUUETOYNG GE AVTIGTOLYO
TPOYPAUUATO OGS TA TPOOVOPEPOUEVA, KOONDS 01 6movdactés kepdilovv Pabid
YVOOT GE GULYKEKPUEVOLG EMIGTNUOVIKOUS TOWUELG UEC® TNG GLUUETOYIKNG TOLG
npoondBelog (emomun tov moMtov, Citizen Science), epappolovrog PEATIOTEG
TPOKTIKEG GLALOYNG dedOUEVAV, AVAALONG JESOUEVMV KOl ETCTNHOVIK®OV HEBOO®V,
AVOAOY®G TOV EPYOCUDY TOVG.

Tomo0éTnon acOntipwv ot Odrhacoa

Ta neprocotepa Epya otov Topéa tov [oT emkevipdvovtal ce epapproyés ot Enpa.
Axoun kol OTav aQOPoOLY GE LIEPAKTIEG VTOOOUES 1| OKAQPTM, Ol cvokevég loT
eykafiotavral Kupiog ot Enpd Kot Lovo LePIKOl GUYKEKPIUEVIG LOPONG oncONTPES
tomoBetovvTon 6to vepo. To Bardooio mepiParrov eivar exBpucd Kou 1 texvoAOYia TV
vroPpvyiov cuckev®mv 10T givar moAd axpPn. 'Eva a&idmioto vdatooteyé mepifinua
vy cucOnmpeg mov Ba ypnoomomBodv ce pnyd vepd, kootilel TovAdyotov 2 1 3
(QOPEC MEPLGGOTEPO OO TOVG OVTIGTOLYOLG TOL AELTOLPYOVV GTO E£00POG Kol TOAD
nepLocdtePo edv mpoopilovrar yio fabid vepd. Ot wkeavoypapikés EmLEPNOELS Eival
nepimhiokeg Kot dvokohec. o mapddetypa, m  toxelo ovamtuén  Qukiov 1
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LIKPOOPYOVIGU®MV Uopel va emnpedost Eaevika Ty modtnto Tov petprioemv. Ot
vofpiyleg emkovmvieg eivor akopo eSonpetikd ovokoheg kot evepyoPopes. Ta
kopota RF pmopovv va dtavicouv Alyo £Katootd amdoTaons Kot HOVO MyNTIKES 1
OTTIKEG EMKOVOVIEC LITOPOVV Vo, xpNolpomombodv yio LEYaADTEPEG OMOGTACELS. To
evepYELOKd KOGTOG TV VITOPPUYIOV EMKOWMVIOV Teplopilel onuavTikd tn ddpkela
Long ¢ ovokevng, mov elval cuVNB®G OAMYOUNVN OTNV KAADTEPN TEPITTMOT Kot
amolTeEl GUYVEG OVTIKOTOOTAGES TOV UTOTOPLDV, £va ¥povoBOpo Kot dSVGKOAD £PYO.
Téhog, ta mPOTLTO. EMKOWVOVIOG EUQAVIoTNKOV KOTA T TEAEvTOio ypoOVia. g
amOTEAECUO. TV  Topamive 1 Obecipudmra  vrofpOyiwv  dedopévav  ToT
eEaxolovBel va etvar TOAD TEPLOPIGUEVN.

Mio amd tic Alyeg mpoomdBeleg yioo TNV Topoyn VTOPPLYLOV OESOUEVOV HECH
dradiktoov givan to épyo g EE SUNRISE (Petrioli et al., 2013), (SUNRISE Project
http://fp7-sunrise.eu/). Tlapdro mov to SUNRISE pog €deiée capmg tn duvototnto
GLALOYNG VTTOPPUYL®Y dEdOUEV®V, OE CGYEOAOTNKE Y10 EKTOLOEVTIKEG OPUCTNPLOTITEG
STEM «oit 1660 1 TOATAOKOTNTO TOV £PYOAEI®V OGO Kol TO KOGTOG TOL E0TAMGHOD
dev givar axoun xotdAAnAa oo v Asrtovpyio oe oyolkég tagews. Ilapd Tig
duokoAieg, vmdpyovv MO KATWOlEC TPOOTADEIEG Yo O TPOCLTd epyoieio yia
vroPpoyteg épevveg (Baichtal, 2015), (OpenROV, https://www.openrov.com/), (The
Cave Pearl Project https://thecavepearlproject.org/)

Eivor Aowmov duvatdév va oyedoctovv ovolactikég opactnprotmtes STEM mov
EMKEVIPMOVOVTAL GE PNYA VEPA 1/ Kol OTN OEWYUATOANYIO OTNV EMQAVED TNG
00A0CGOC TOV LELDVOLV CTUOVTIKA TIS TTapandve dvokoriec. H eotiaon ota pnyd
vepd kal/ 1 otV emedvela g BdAacoag Lag ENLTPETEL:

(o) va gpmiéEovpe ToVG LOONTEG GE GUUUETOYIKT OETYLLOTOANidL,

(B) va oavamtuyBodv oyetikd amAéc VTOSOUEG OIKTVMONG TKOVEG VO OmOGTEIAOVY
vroBordccio dedopéva, o1 omoieg ypMolonoovv achpuateg texvoroyieg (m.y. LoRa,
Sigfox).

2y televtaia tepintwon, ot padnTtéc movtilovv TIg GLOKEVEG Kot T SEGOUEVA TOV
CLAAEYOVTOL HETAPEPOVTOL LEG® KAAMOIOV GE UI0L AGVPLOTY] GUGKELT GTNV EMLPAVELN
TOV VEPOV, 1 omoia Ta KAoTd SLoBEGILA GTO VTTOAOYIGTIKO VEPOG.

O poiog TOV avOpOTOYEVAOY MECEMV 6TO TUPAKTIO TEPBGAALOV

To peyoAdtepo mMOGOGTO NG EMUPAVEING TOV TANVATN KOALTTETOL OO OAA0coa.
Yvykekpéva 1o 79% mepimov g empdvelag g I'mg kKahdmteTon amd vepd kot pdvo
10 21% amd Enpd. Znuepa, yvopilovpe v tepdotio onuacio mov £xel n Bdhacca
vy ™ {on o€ 0AOKANPO TOV TAOVATY Ko €01KOTEPA Yo Tov AvOpwmo. H Bdlacoa
amotelel TOAATAG onpavTiky “mnyn (oMg” v ™ I'n pog.

[Topéyel v duvaTdTTA TAPAYWYNS TPOPNS, OPVKTAV VADV KOl EVEPYELNS, OMOTEAET
KOPLO Topdyovto avavEé®mons Tov 0EuYOVOL TOL AVATVEOLUE, KABMG Kol TO HEGO Yia
™ UETOQOPE ayobmv (eumdplo, petagopd evépyslag/ minpoeopidv). Ot Baidooiot
dpopoL drokivnong tov gUmopiov amoTéEAECAV GLYYPOVOS KOl YEQUPES TOMTIGLOV,
EVOTIOUDVTOG TOMTICUIKG UEYOAES YEMYPOUPIKEG EVOTNTEG KOl EMITPEMOVTOG TNV
avamtuén Tov toMticpodv. Ouwmg, yia v KaAvtepn aglomoinor| ToV SLVATOTATOV TG
0dAocc0C Kol TOUPOAANAL Yol TNV OTOTEAECUOTIKY TPOCTAGIO NG EMPAAAETOL M
TPOCEKTIKY Kot Aemtouepng peAétn g amd kdbe dmoyn (Green paper Marine
Knowledge 2020, 2012)

210 EKTOOEVTIKA GEVAPLOL TOVL TPOTEIVOVTOL 0ELOTOIOVVTOL Ld GEPA ousON TPV Yo
™V PETPMNON QUOIKAOV Kol yMUIKOV Boldocoiov mapapétpov. Ta Pruato tov
OO0 YOYIKOV  OpacTNPLOTHTOV 7oL akoAovbolue elval: M evausOntomoinom, 1
TOPATNPNON, O MEPOUATIGUOS Kot 1 dpdon. Ot padntég oxoreiov (nikiog omd 15
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¢wg 18 etv) mov Lovv oe mapdrtieg meployés e Evpanng ypnoorotodv gopntod
eEOmMMGO Y10 VO TTPOYLOTOTOMNGOVY GYETIKEG LETPNOELS KO VOL TIC DTOBAAOVY GE Lo
Baon dedopévav oty omoia £xovv Kown mpdcPacn. Avaroyo pe TIC avAyKES Kol TG
TPOTEPOLOTNTEG TNG OAoKOMaG, o1 paOntéc umopobv vo. GLAAEYOLV KOl Vo
avoAvovV:

® TIG TPEYOVOEG TIUES KOl TUXOV OLOKVUAVOELS OE QUTEG KOTA TN OdpKELD TNG
TEPLOSOL TOPATHPNONG TNG OPASTNPLOTNTOG,

e 1N ueTOfOAn] TOV TWOV Yo UEYOADTEPEG YPOVIKEG TEPLOOOVG, T.Y.
OLYKPIVOVTOG TIG TIHEG HETAED JOPOPETIKOV POV NG MNUEPOS, HeTAED
UNVOV, ETOYOV, 1] ETOV,

e 11 S10KOLOVOT] TOV QALVOUEVOV OO TEPLOYT GE TEPLOYN.

ZOUQOVa LE TO GYXESOGHO TOV EKTOUOEVTIKAOV GEVOPIOV, 1] ETICTNUOVIKY GKEYT] TOV
OVOTTUOCETOL KOTA TNV TTapamdve dtadikacio pmopel vo aglomombel pe d14popovg
TPOTOVG OTO TANIGIO0 TNG OWaoKoAlng Oyt puévo ota HaBNUOTO TOV QLGIKOV
EMOTNUOV, OALA KOl GTO TAOUG10 OAOEUATIKMV TPOCEYYICEDY TOV GLVOIVALOVY OVTEG
TIG TOPATNPNOELG KO AVOADGELS LE TIG OIKOVOUIKES, KOWVMOVIKEG KOl BAAES TTUYES T™NG
TpooTadelds pog yo kobapég OdAacoss.

1. AwOnmpag Ogppokpaciog: Métpnon g Oeppokpasciog (T).
H Ogppokpoacio tov em@oavelokav vepdv Tapovctdlel PLGIKN NUEPTOLO KOl ETOYLOKT
dlkdpavon AOY® TV KOPIKOV GLVONKOV Kot TV Oeppik®V ovtaAloy®v pe TV
atpoceapa. Ot padntéc kotd ™ S1dpKeElD. TOV GYOAMKOV £TOVG, KATAYPAPOLV TN
Oepuokpocio. TV EMEOVEIOKOV veEpOV NG BAAaccag, Taipvovtag UHETPNOELS OE
OPOPETIKEG  DPEG TNG MUEPAG Kol oe  dpopeTikd Padn (¢og 10mM) ko
emPefordvouv mepapatikd tig Bewpntikés mpoPAEYELS TOVC.

o. Merétn e emo@avewokng Ogppokpaciog g 0draccag oe oyxéon pe 10
YEOYPUPIKO TAATOC.

H xotavoun g emopavelokng Oepprokpaciog avtiotolyel TANP®G Ue TNV KOTOVOUN
g axtvoBoMMag mov ewépyetal ot Bdracca. Ov Tipég g OBepuoxpacioc otnv
EMPAVEID, TOL TAYKOGUIOV KeovoD (Babn vepod péypt 5 m) mapovcialovv o
Lovmon o¢ mpog 10 Yewypapikd mAdtog (eikdva 1). Kovtd otov lonuepvo, ta vepd
&xovv vymAés Beppokpaocieg kab’ 6An tn dudpkela Tov ETovg. AvtiBeta, 6TIG TEPLOYES
mov Ppickovtol KovVId 6TOVG TOAOVG, Ol BEPLOKPUGIES TOV EMPAVEINKDV CTPOUATMOV
etvar oxeddv mavta wWwitepa yopUnAEg. Xy eokpatn KAMpotikny (ovn, ot Tég g
Oepuoxpaciog mov Aapfavel Eva pio emeovelokn palo vepov givor younAotepeg omd
OUTEG TOV TPOTIKMY VEPMOV Kol VYNAOTEPEG TOV AVTIGTO(®V TOAMK®OV VEPOV KOt
petofdilovrol onuovtikd koatd t owdpkewn tov £toug (Epyaotnploxéc Aocknoelg
[opaxtiog Qxeavoypapiag, 2016).
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El HESES

Ewéva 1: O¢gpuokpaocia emoedvelog tov Evponaikodv Bolacohv Elctocskiﬁa: Seatemperature.org)

Ot pofntéc mapdktimv Teploymdv s Mecoyeiov Ba kataypdyouv Ty 1010 nUEPO TOL
£TOVC PEYaALTEPN MQOVELNKT Bepprokpacio amd Tovg HabnTEG TaPAKTIOV TEPLOYDV
™m¢g Baltikng 1 tov Athavtikoy, yeyovog to omoio OQeileTOl GTO OLPOPETIKO
YEQYPOAPIKO TAATOC KOl KOTO GUVEMELDL OTN OOPOPETIKY TOGOTNTO TNG MALOKNG
axTvoPoAing Tov dExETOL 1) TEPLOYN).

B. Mehétn g em@avewokg Oeppokpacioc g 0dracoag Kot T SapKELD TOV
£TovG.

O1 padntég a&lomotmvtag T HETPNGELS TOV KATEYPOWAY KATA T SLIPKELN TOV £TOVGS
Oo civor oe Béon va e&nynoovv TNV €mMOYIOK OWOKOUOVOT TNG ETPOVELOKNG
Bepuokpaciog. To yeywmva o Kopatiopds e Bdhacoag eivor mo €viovog Kol To
EMPOAVEIOKO oTpOUe. veioTtator piEn eveo m Oeppoxkpacio elvar younin Kot
opotopopoen. To karokaipt, 6mov N atpoceaipikn Beppokpacio eivor vYNAN Kol M
€VTOOT TOV KOUUATOV pkpr, N Wén elvar ehdyotn kot 1 Oegpuokpoacio Tov
EMUPOVELOKOD GTPMUATOG AVEAVEL VIOV AOY® GLGCOPEVOTG BEpUOTNTOG.

Amo tov Mdaptio g tov Avyovoto mn Bepuokpacio oty emedveln g OdAlaccog
ouveyms av&avetar Adym g amoppoéenong Bepuotrog amd v atpodcseapa. ‘Etot
mv avoign apyiler va. dOnpiovpyeiton o emoylokd Beppokivég to omoio Exel UKpO
ndyog Kot pikpod OBeppokpaciokd evpoc. To kadokaipt N empavelokn Oepproxpacio
OLVEYDS OVLEAVETOL AOY® TOV LYNADV OepUOKPOCIOV TOV  EMIKPATOLV OTINV
ATUOCPOIPA, LE OTOTEAEGUO TO EMOYKO OEPUOKAIVEG VO OMOKTNGEL UEYAADTEPO
TAY0G Ko pueyaAvtepo Bepuokpootakd €vpog (ewdva 2, 3).

And 1o ZentéuPpro péxpt to DePpPovdplo To EMPAVEINKO GTPOUA YAVEL OLLPKADGS
Oepuomta. H Beppokpacio e atpoceopog eitvon pikpotepn mg Odhaccag emmiéov
0 M €VT0oT TOV KUUOTIGUAOV 0VEAVETAL GUVEXDG, DGTE VO, YIVETOL TANPN AvAdELOoT).
‘Etolr 10 @Bwonmwpo to mhyoc tov OgppokAvodg avEdvel, oAAd TO €0pOg TOL
eraTTOVETOL 68 GYéom pe 1o karokaipt. To yepudvo 1 EAATTOON TOV EMPOVELOKOD
oTpO®UATOC cuveyiletan, pe amotédecpa 1 Oeppokpacio va yivel opotopopen HEXPL
TNV 0pOP1 TOL dlopKoHS OEPLOKAVOVG.
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Ewéva 2: Avantoén emoytokod Beppoxkiivoig otn Barkdooia meployn g AAOVVIGOL TO YELLMVO
(Iavovdpiog - kapmdAn o), Ty avoién (Ampitiog - kapumoAn P) kot to kodokaipt (IovAog - KapumoAn y)
tov 2001 (Aaocevaxng, k.o., 2017).

Kulokaipt Dhwommpo Xziparvag Avoign
EAIYITTO TAYOG EMPAVELLKOD abENON YOS EMPAVEINKOD KOTOHGTPOPI] EMUPAVELIKOD ETEVOST ILOVPYiE ETUPUVEIDKOD
GTPOUATOS aVIIENS OTpBPATOg avaing oTphpatog aviméng aTpOUaTOg aviuéng
Ospuorpasia Ospuorpaaio Ozppoxpacio Ozpporpacio
v 3
KUTUGTPOQI] ET0YLHKOD
Oeppokivoig
TANPIG OHOYEVOTOINGT)
™mg oThAg
# pénom) ek # yrokn # mepetaipo yidy # abknon nhexig
axtivoBolia # avinon évraong # péno Evraon akTivoforiag
# ehayoTy évraon avépmv avipov # peiwan évraong
avipov avipov
> »
2 2 2 ]

Ewoéva 3: AAhayn tov enoylakov Bepokhivods avaroya pe tig emoyés (Kpeotevitng, k.a., 2017)

To €mMo0 €0poc TV EMPAVEINKADV OEPUOKPAGLOV YIVETOL HEYIOTO OTO EVOLIUEGO
YE@YPOUPIKA TAATN, EVO OTO HUKPE Kol UEYAAO YE®@YPOEIKA TAATN TO €Opog eivan
erdiyoto. Ot pobntéc Tov oyoreiov mov Ppickoviol o€ pecaio Ye@YPOEUKA TAATN,
AMY® TV PEYIA®V OUKVUAVGE®V TNG ATHOCQUPIKNG Oeppokpaciag Kot GAA®V
OTULOCQUIPIKOV QOIVOUEVMV, OVOUEVOVLE VO KOTOYPAWOLV UEYOADTEPT EMOYLOKN
dtakvpavo” g 0epLoKpasiog TOL ETPAVEINKOD GTPMUATOC.

To ekmodevtikd cevaplo pmopel vo enektabel OOTE Vo GLUTEPIAAPEL LETPNOELS GE
TOPAKTIEG TEPLOYEG LKPOV PABovg, dmov 1 emoylok] LETOPOAT Hmopel Vo amEyel amod
T0 YEVIKO kavova, Wuitepa Qv VILAPYEL ONUAVTIKY] EMOPACN VOAAUVPOV VEPDOV.
Ymv ewovo 4 moapovcialetonr o mPoPid g Oepuokpaciog otic exPoréc TOL
AMdxpova (Ogppaikog Koinog, BA Aryaio), énwg petpndnke petald Iovviov tov
2004 kor Iovviov tov 2005 (EAKE®E). Ot pafntég KataAnyovv 610 GOUTEPAGHO OTL
TOTKEG €0POEG HalMOV VEPOU KOl 1] GUVETAYOUEVT] OVAIEN SLOPOPETIKMOV VOATIVOV
TOMOV, EOVOUEVO 10104TEPO GLYVO GE MOPAKTIOL VEPE, UTOPOLV Vv 0ONYIGOLV GE
OTOKAMGELS a0 TOLG YEVIKOVG KAVOVEG,.
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Ewova 4: Ospuoxpacia, petpriosig votua ekformv tov Aldxpova, 06/2004 wg 06/2005 (Kpeotevitng,
K.a., 2017).

v. Merétn g empavelokig Osppokpaciog g 0dhacoas KaTa T OLEPKELD TG
npépac.

Extog and 10 emoylaxd OepprokAvég ot PEca Ye®YPAPIKE TAGTN LEAPYEL Kol TO
nuepnoto Beppokivég (ewodva 5) to omoio eivar Wiaitepa €vtovo v Avoiln, To
KaAokaipt kot T0 @OwOnwpo. Opdoeg padnTodv amd cYoAEin SLUPOPETIKMOV TOUPAKTUDV
neploy®v ™G Evponng ocvAléyovv tég tng Oeppokpaciog TOL  EMUPAVELONKOV
OTPONOTOC TNG BGAacoHG OTN SLUPKELD TNG NUEPAS, KOTAY®POVV TG TEG oTn Pdon
dedopévmy, emefepyalovtar To OEOOUEVO KOl  KOTOANYOLV GE EMIGTILOVIKA
GUUTEPACLLATO Y10 T SLOKDLLOVGT TNG EMPAVELNKTG Beppokpaciog e 0dAaccag.

. . 1
Diurnal Thermocline Development, 3 m.s
T T

Q T T
allne]

1500

Depth / m

-5 L L L L
19.5 20.0 20,8 21.0 21.5 22.0 22.5
Ternpearature / Celsius

Ewova 5: Avamtoén nuepfioov Beppokivoig (totoceArida: Research met office, 2017).

2. AwOnmipag pH: Métpnon tov pH (0&vtnto —ahkoAkodTnTO)

To pH mailer omovdaio porlo o100 Baddcocio owocvotnua yati kobopiler ™
SLALTOTNTO KO TN YNUIKT LOPPT T®V TEPICCOTEPMV OLGLOV OV Ppickoviol 6° avTo.
H peioon 1 n avénon tov pH elvar dpeca cuvoedepévn pe ) eotochvieomn kot T
OVOTTVOT] TV OPYOVIGUAOV TOL BOAGGG100 0IKOGUGTIIATOS KOl EMOUEVOS CYETILETON
pe v mapayoywoTnta g Propdaloc.

v emedveln g Baiaocoac to pH xopaiveton anod 8,0 oe 8,3 kot eEaptdTon amd ™
pepikn mieon tov CO oty atudéseapo, ™ Oeppokpacio Kot TV CAATOTINTO TOV
vePOU.

Ot poBnTéc SmeTAOVOLY OTL O YMUIKES WO10TNTES TOL BAAACTIOV VEPOL SUPEPOLV
am’ aVTEG TOL YAVKOV, AOY® NG mapovoiog aidtwv. Ta Arydtepa 6Evar GAato oL
nepEyovial 610 Baracovd vepd (dmwg to avBpakikd, dioavOpakikd Kot Popud)
HELOVOLY TNV VYNAN O&Ivn 1] 0AKOAIKY] 6OGTAOT TOAAGY VYpOV amofAntov. ‘Etol n

Over | Ldecation

177



Open Education - The Journal for Open and Distance Education and Educational Technology
Volume 14, Number 2, 2018 © Open Education

TOEIKOTNTO TOV AVHATOV ElvaL VYNAT 6Ta YAVKG vePd evd peumvetat ot Bddacoa. H
pétpnon tov pH etvar o KaAHTEPO PEGO EKTIUNONG TOV OMOTEAEGUATOV O100E0NC TV
OEvoVv 1 OAKOAMKOV amofANToV 6T0 BOAAGG10 O1IKOGVGTNLLO.

Eniong, ot0y0g ™¢ dpactnplotntag eivor ot pobntég vo KaTovoncovy 0Tt T0 KPioo
opro emPioong y ) (o1 otig AMpveg kot Ta vddTve pevpata, dev eEaptdtan amd
péon tiun tov PH (Pabuog 6&vuvong) katd T ddpkela evOg ETOVS, OAAN Ao TNV TLO
yopunAn Tt tov pH. Tétoteg ovviopeg, ahAd emkivovveg mepiodot Pe YOUNAES TUES
pPH epopaviovtal, Kupimg v dvoién kotd v &N TV Tdynv (TAqyrata o&HTNToC).
Ot dakopdvoelg tov pH pmopel va éxovv cav amotédecpo to OAvato TOAADV
0pYOVICUAV (Y. TAAYKTOV 010 6,5 Ko 1 TéPKa Kot 10 xEAL otovg 6,4 ko 6,3-6,5
avtiotorya). Eav n Ty tov pH elvan k4t and 6,5 apyilovv ot duoueveic eMnTOGELG
o€ 6A0VC TOLG COVTOVOVG OPYUVIGHOVS Kol Katw omd PH 5 6Aa ta {da kol to puTtd
nebaivovv.

3. AwOnmipeg AhatétnTog - Ayoyypémras: Métpnon aiatdétrag (S) —
Métpnon ayoyyomrag (STD)
Ot poBntéc oe drapopetikég Tapdrtieg Teployés g Evpdang kataypapovy Tiés g
aAaToTNTOg TG O4ANCoHG KOl KATOANYOUV GTO GUUTEPAGHA OTL | OAKY| palo TV
dtdvpévov addtov towkidiel omd po Odhacoa o GAAN Eemepvavtag to 36gr oy
Meodyeio Bdhacca ko mé@toviag kdtem oamd 10gr addtov oava Kg vepov, oe
oplopéveg meployég g Baitikng Odhacoag.

‘ rra— 3 E EO T 3 - 3 salinity (psu)

Ewova 6: BMuc: Katvo ammg oV Ewoéva 7: Mecdyelog: Katovoun oAaTOTNTOG
empavela tng Oalacoog oV empavela g Balaccog

Ot poNntéc KataAnyouv 610 GUUTEPAGHO OTL 1] ETLPAVEINKT] AAXTOTNTO Elval LEYIOTN
OT0 YEOYPOQEIKE TAATN Omov M etnole eEAToN elvan peyaAdTepn amd TNV E€TNoL
Bpoyxdmtwon Kot ot EAAYIOTES TIEG OANTOTNTAG PBPIcKOVIOL GTA YEWYPAUPKA TAATN
o6mov M Ppoydntwon eivar peyolvtepn amd v e€dtuion (woveg 6, 7). Eniong, n ta
VEPA TV TOTOUAOV ENNPeAlovy TIC TWES TG alatdtntog m.y n BoAdtkn 0dhacca
amotedel po Aekdvn pe TEPLOPIGUEVT EMKOVOVID e TOV ATAOVTIKO, OOV YHVOVTIL
peydaor motapoi, eved mn eEdtuon etvar eddyiotn. Avtifeta n Mecdyelog kot m
EpvBpd Bdrocoa eivor 000 Aekdveg Omov m e&dtuon sivor peydin kot m €kyvon
TOTAUI®V VOATOV EIVOL EALAYIGTN LE ATOTEAEGLOL LEYOAQ TTOGE OAATOTNTOG.

EmumAéov, n éN Kot 0 oynUaticpog TV miyov Toilovv pOLo GTIC TOAKES TEPLOYEC.

4. AwOnmipag Borepotntag: Métpnon g Borepdtnrag (Turbidity)
Ot podntég ypnooroimvtog Tov osontipa e BolepdtnTog Kataypaeouvy TIHES TNG
QLOIKNG TOPAPETPOL 1) omoia kaBopilel TV wavOTNTO S1EAEVONG TOV NAOKOD POTOC
oto vepd. H Bolepdtnta mpokadeiton 1 amd euoikn aitia (Stafpwon 1 amocHvOeon
opYAVICUAOV PETE TO BAvaTd TOVG) 1 0O To KOAALOEWN Kol AETTOKOKKO OLPOVUEVOL
oteped mov mePLEYovTaL ota Apata Kol fropnyavikd andpfinta kot kabilavovuv ctov

Over | Ldecation 178



Open Education - The Journal for Open and Distance Education and Educational Technology
Volume 14, Number 2, 2018 © Open Education

mobuéva pe peydin duokoAio kot ennpedlel QUESH To €101 TOV OIKOGVGTIUATOG TOV
EYouv avENUEVES avayKeg @®TOS Yia TV avarntuén tovg. To Pabog dieicdvomng Tov
e®TOG 010 Borooowd vepd eival KOOOPIOTIKO Yo TNV TPWOTOYEVH] TAPOUYWYN
(pwtoovvheon) kot eaptdtal amd Tn SYELR TOL BAANGGIVOD VEPOL KOl TO KOG
KOHOTOG TNG QOTEWNG OKTIVOPOAOG.

5. AwsOnmipog Awivpévor O&uyovov: Métpnon Awdivpévov OEuydvov
(D.0)

210, OIKLOKE AVUOTO TEPLEXOVTOL OPYAVIKEG OVGIEG TOV UTOPOVV VO, YPNGLLOTOI 00OV
oav TPoeN amd GAAOVE OpYaVIoHOVS Kot dtaitepa amd pukpofia. Avtoi ot opyavicpol
ne o&edmTIKES avtidpdoels petafoAlovy TG 0pyavIKEG OVGIES KOTAVOADVOVTOG YU
ot T dadtkacia To 0&uyovo mov gival dStaAvpévo oto vepd. Emeidn 1o o&uydvo Exet
OYETIKA WKPT SOAVTOTNTO GTO VEPO, KOTOVOAMDVETAL YPIYOPO OTOV VIAPYEL LEYAAO
OPYOVIKO (QOPTIO HE OMOTEAEGUN VO OMpiovpyodvtol ovoepoPleg cuvOnKec.
Yuykévipmon pkpdtepn and 7 mg/lt onpaiver EAdenym o&uydvov mov €xel cav
amoTéAeca TNV Un eMPi®oN TOV Yopldv Kot TV GAA®V 0gpofiov opyavicpmy. Ot
QLo10A0YIKES TIHEG ToL D.O kvpaivovton wéve amd 7 mg/lt.
Tovg awcOntipec g BolepodnTag kot TOoL dSwAvuévov o&vyoévov Ba  Tovg
YPNOOTOU|COVE YO TNV HEAET] TOL (OLVOUEVOL TOVL EVTPOPIGHOV GE KAEIOTEG
OKTEG - KOATOLG OmMOL 1 KLKAOQOPio TV VOATOV elval TEPOPIGUEVT, KOVTA GE
TOPAKTIEG OYPOTIKEG TEPLOYES 1) OE MEPLOYES KOVTA GE AUAVIQ 1) GE TEPLOYES OTOV TOL
Mpato gwopéovyv oto Bardocio mepifdiiov ywpic vo €govv vmootel Proioyukd
kaBopiopo.
Extog Opmg amd Tig meployég mov TO PUVOLEVO TOV EVTPOPIGUOV EMOPA OPVNTIKA
o010 mePPairov, ot pantéc Ba mpoodiopicovv kol TEPLOYES OTMG Ol EKPOAEC TV
TOTAU®V ot omoieg tetvouv cvviBomg va givar QLGKE gvTpoPIKES, Ady® TOL OTL
HETAPEPOVY  OPENTIKA GLOTOTIKG otV ovolyt) Odlacca, divoviog avEnuévn
TOPAYOYIKOTNTO KOl TPOPT GTO YAPLL Kol G€ AAAOVS opyaviopovs. Agv glvar Tuyaio
OtL onuavtikd Boldooio aAevTiKG Tedia Ppiockovtal Kovid o€ TepPloyéc pe ekPorég
notapdv (Bépeto Aryaio, Opakikd méLayog, KTA).

Xvlnmon-Xoprepdopata.

Avtd 1o Gpbpo mpoteivel TN ypron Yynowkov owohntipov og Paon yo v
neptPoarloviikn)  gvarcOntomoinon TtV pobnTOvV  péca  omd  EKMOOELTIKEG
dpacmpromteg STEM. Tlapovcidlovion dtdpopeg epappoyéc mov Pacilovion oe
dedopéva asOnTpwv mov £yovv eyKatactadel e oYOMKA KTipla, Ol 0moieg UITopovV
va Bpovv EQOPLOYT KOl OTN LEAETN OKEAVOYPAPIK®OV HEYEODV G TOPAKTIES TEPLOYEC.
210)0¢ ™G €pevvag avTNG etvar va gyeipel To BEpa TG £yKapng GLVELONTOTOINGNG
TV mepParloviikdv {nmmuatov pe Paon to mpaypatikd dedopévo HECH TNG
EPAPLOYNG KATAAANA®V EKTOUOEVTIKAOV GEVAPIWV.

To wolokaipt tov 2017, éywve o opywn a&ordynomn tov épyov GAIA yw tov
EVTOMIGUO TPOPANUATOV KOOMOG Kol T GLAAOYN EVIVIAGCE®V Om0 cuvolkd 944
naOnTég Ko EKTOOEVTIKOVS, MG TPOS TO OCYESWCUO KOl TO TEPIEYOUEVO TV
exmadevTIk@Vv oevopiov. H oa&loddynon oamd Tovg €KMOOELTIKOVG, T omoia
TPAYLOTOTOWONKE GE £PYACTNPIO. TANPOPOPIKNG, NTAV OETIKY Ko 0pKETE oyoAeio
0énoav vo coumepiddfouv dpactnpotteg GAIA otV EKTOOEVTIKY] TPOUKTIKT).
Ympée Oetikn avddpaoct, 6GOV apopd GTr GLVOAIKT OITOd0YT| TV EPYUAEIMV Kol TNG
VTOOOUNG TOV  €yYKATOOTAONKE oTo oyoAeln, koBMG kot ™S éviadng TV
OpacCTNPOTATOV OTO OYOMKO Tpdypappa owoackaiioc. EmmAéov, 196 pabntég
IMpvaciov a&loldyncav 10 EKTOOELTIKO oy vidl HEG® VOGS pOTNHOTOAOYIOV. ATO
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avtovg 10 78% Pprke TO TEPLEYOUEVO TOV TToYVIOOL eVAlapEpov (21% “extremely”,
26% “very”, 3% “moderately”), evd 10 89% PprKe 1N dpacTNPOTNTO OUMKY TPOG
Toug pnotes (38% “extremely”, 29% “very”, 22% “moderately”).

H d1adoon tov Atadiktvov twv Avtikelnévov (IoT), kot mapdAinia e a&lomoinong
Jpopwv aonmpwv oty ekmaidevon, pmopel vo ovuPdier otnv mTpodOnon
BLOCIL®V CUUTEPIPOPDOV Y10 TNV AEPOPia. XPNGIUOTOIDOVTAG 0L TETOLN VITOJOT KO
To. OgdopéVO OV aLTH Tapdyel, €ivar €dkoAo va dnpovpynBodv epyadeio moOv
AVTIKOTONTPILOLV TIC TPAYUATIKEG CUVONKESG TOV GYOMK®MOV oBovc®V TOPEXOVTOGC
OVCLOOTIKY  ovOTPOoPodOTNoY. H  avdmtuén ekmodevtikdv  dpacTnploTiTOV UE
EMIKEVTPO TNV EVEPYELONKT vacOnTomoinon ota oyoieio Ehafe Oetikn avadpaon omd
™V ekTondevTikn Kowotnta. [lapddiinia, ot TpdcPOTES TEYVOAOYIKEG eEEMEELS LOg
EMTPEMOVV VO ENEKTEIVOVUE TNV VITOJOUTN TOL OIKTVOV GTO EYYVS LEALOV, TPOKEIUEVOL
vo TopakolovOncovpe emmAéov TEPPAAAOVTIKES TapapéTpovs. ['o To oKOTd oVTO
TPOTEIVOVUE TN YPNON ACONTP®Y GE TOPAKTIEG TEPLOYES Kot TN ONHovPYio SkTHOL
®¢ ekmadevTIKoD gpyoieiov mov Oa Pondnoel agevodg oV KOTOVONCN TGV
EMATOCEDV TOV OLOPOPETIKAOV aAVOPOTOYEVAOV TECEMV GTO TAPAKTIH TEPIPAALOVTAL,
APETEPOL GTNV AVIANYN OPAGE®Y TNG KOWVMVIAG Yol TNV TPOCTUGIN TWV TOPAKTIDV
Covav. Avtd pmopel va emtevyfel HECH EKTOOEVLTIKAOV dPAGTIPLOTHTMOV GTO GYOAELN
KaOdc Ko péow epapuoymv, mov Paciloviar oe loT mhatedpueg OT®MG OLTH TOV
GAIA.
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