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IHPOAOI'OX

H yewpyia onpepa Ppicketol o€ £va kpicio otavpodpopt 6mov Oa Tpémel va yivouv ot KatdAAnieg
emhoyég mov Ba eEac@aAicovy T GLVEXELD Kot TN Plocttdtta Tov YE®PYKoH GuVOAoL. ATO TN pid
ol aVENEVES JATPOPIKEG OVAYKES EVOG 0AOEVO OLEAVOLEVOL TOYKOGUIOV TANBLGHOY Kot omd TNV
AN M LTEPEKUETAAAEVOT TOV PLGIK®OV TOpwV TECovV va Bpebodv ot Bértioteg Avoelg mov Oa
EMTHXOLV VO ALENCOLV HEV TNV TOPAYMOYY] TOV TPOPIL®V, TPOCTUTEVOVTOG TOPAAANAL TOLG
QLOIKOVG TOPOVG Kot eEacPoAilovtag TV agwpopio TG YEOPYIKNG Tapaywyns. Ot AVoelg pmopovv
va TpoéhBovv pudvo pécso amd TN CLGTNUATIKY EMGTNUOVIKY £pguva Kot ot ['empyucol Mnyavikoi 1
Mnyavikoli Bioocvomudtov kolobvtor vo dadpapaticovv €va kpicino Kot Kaboplotikd poro
oLVOLALOVTAG TIC YVMGELS TOVS OTIG EMOTUES TN [ewmoviag, g BroAoyiag, Tng Mnyovikig Kot Tov
[Tep1Bdriovtog yio va TpoTeivovy VEEG TEYVOAOYIES KOl GLGTILLOTA TAPUY®YNS TTOL Ba avécovy v
OTOTEAECUATIKOTNTO TNG TOPAYOYNG YEOPYIKOV TPOIOVI®OV pHe opbBoroykotepn Olaxeipion TtV
QLOIK®OV TOPp®V, OcPoriloviag mopdAAnAc TN OMudclo vyEl KOl EVOLVAUOVOVIOS TNV
EUTIGTOCVVT] TOV KOTOVOADTOV.

H Etoupeia F'eowpykdv Mnyoavikov EALGSOG £xel kaTapépel H€ca amd T TAKTIKA TNG GLVESPLO Vol
GLYKEVTPMOOEL Uio. TAoVG BifAtoypagia mave og o gupeio Bepatoroyio OTMG o1 £60pIKOT Kot ot
voatikol wOPOL, M evéPYE, TO TEPPAAAOV, TO YEOPYIKA HNYOVALOTO Kol Ol €50MAIGHOL, Ol
OUYYPOVEC TEXVOAOYIEC, 1 OAMOOKELOT KOl UETOMOINGT TOV YEWPYIKOV TTPoioviov K.o. Katdpepe
TOPAAAAC Vo ODGEL TO KIVNTPO Kol TO WHEGO G©€ TOAAOVG EMCTNUOVES KOL EPEVVNTEC VO
ONUOGIOTOMGOLY TO, OTOTEAEGLLOTO TOV EPELVAV TOVG 6ToV EAAadkd ympo. To 11o TMaveAinvio
2uvédplo g EI'ME mov mpaypatomoteitan oto Boro, otig 8 Noguppiov 2019, otig eykotactdosig
¢ [M'eomovikng XyoAng tov [Mavemomuiov Oeccariog, EAodoel va cuveyicel avt ™ mapadoon,
CLYKEVIPAOVOVTOG TO TO0 TPOGPOTO EMTEVYUATO KOU OTOTEAECUATO TV gpevvev. Emumiéov,
QU000EEL v PEPEL GE EMOPT| TOVG OVOPAOTOVG TOV JPOACTNPLOTOLOVVTOL GTOV Topéd TG [empyikng
Mnyovikng vo kKaAMePYNGEL VEEG GLUVEPYACIES KOl Vo ovamtuEel SlowAOVG EMKOVOVIOG HE T
Bounyovio kot Tov KAGOO TOVL EUTOPioL MOOTE v Yivel €Kt M Owdyvorm TG £peuvag Kot M
a&1omoinomn TV OMOTEAEGUATOV AVTAS TTPOG OPEAOS TOV EVPVTEPOL KOWVMOVIKOD GUVOAOL.

210 TOPpOV TEHYOG TOV TPUKTIKMV TEPLEYOVTIUL 57 TEPIMNYELS TOV EPYACIOV TOV TAPOVGLACTNKAY
kotd T Sudpkeia tov 11° TMaveddviov Zvvédprov Tewpyikng Mnyovikfc. Ta nTAfpn keipevo Twv
EPYOOIDV, £MELTA A0 TNV KPion TOV KPLITdV, amobétovial o avolktn Pdomn dedopévev Kot Propovv
va avalnmbovv oty 1otooelido thg EI'ME https://egme.qgr/proceedings/

Bohog, Noéuppiog 2019
Ap. Xp. Kaparapng
[Ip6edpoc Opyavotikng Emitpomnc.
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ENOTHTA 6 - MEPIBAAAON

XAPTOI'PAOHXEH MET'AAQN I'EQPI'TKQN EKTAXEQN ME TH
XPHXH NE®OYX XHMEIQN

A. Katwkapiong, B. Movorlaong, A. Katepng & A. Mmoytng
Ivotitovto Bio-owovopiag koaw Aypo-Teyxvoroyiag (iBO), E6viko Kévrpo ‘Epevvag kon Teyvoroyikng
Avantoéng (EKETA), Anuapyov I'ewpyrddov 118, 38333, Borog,
e-mail: d.katikaridis@certh.gr

INEPIAHYH

H «xivnon t0v poundt péca otovg Om®P®VEG cLVICTOTOL OO EMUEPOVS TUNUOTO OTMOS M
YOPTOYPAPNON, 1| AVTIANYN TOL YDPOV, O GYESOGUOC TNG SLadPOUnG Kot | TAonynon. O oyxedloopog
™G OOPOUNG Elvar ApPNKTO GUVOEIEUEVOS LLE TNV TAONYNON TOV POUTOTIKOV OYNUATOG OTAV OVTO
Kwveltoaw péca oe €va yvootd mepPailov pe aceaieln ko axpifeto. Ot moapadoclokés TEYVIKEG
xoptoypdonong mpodmodEéTouv v VIapEN €VOC AVTOVOUOL ETiyElON OYUOTOC eEOMTAMGOUEVOD UE
atcOnmpa laser kot acOntipeg adpavelag pe otdYo TN YNOLOKN OLEKOVIOT TOV TPOYUOTIKOD
x®pov. To mpotedOUEVO GVOTNUO EKUETOALEDETOL TV TTNTIKN KAVOTNTO EVOC EVOEPIOL OYTLOTOG
gvioyvovtag v andkpion g yoproypaenons. H mpooéyyion avt pmopel vo mpoo@épst pia
TPMOTOTOPLOKT ADGN E01KA GTOV aypOTIKO TOUEN OTTOL 1] TEPLOYEG EPOPLOYNG EVOL LEYAAES.

Aéeigc wledia: yeopyio akpiPeiag, YapToypaENoY, POUTOTIKEG TAATEOPUES, UN ETOVOPOUEVO
EVOEPLO OYMMLOL, UM ETAVOPOUEVO ETLYELO OYNLLOL

LARGE-SCALE MAPPING IN AGRICULTURAL CROPS USING
POINT CLOUDS

D. Katikaridis, V. Moisiadis, D. Kateris & D. Bochtis
Institute for Bio-economy and Agri-technology (iBO), Centre for Research and Technology — Hellas
(CERTH), Dimarhou Georgiadou 118, 38333, Volos,
e-mail:d.katikaridis@certh.gr

ABSTRACT

Robotic motion in orchard fields consists of several components such as mapping, perception, route
(path-motion) planning and navigation. Route planning and navigation are highly contingent on
mapping functionality whilst the robotic vehicle operates and adapts itself into a partially known
work area providing a safe and accurate routing. Traditional mapping techniques entail an unmanned
ground vehicle equipped with laser scan sensors and inertial measurement units resulting to a spatial
3D map, which is a comprehensive guide for the robotic vehicle. The proposed system here takes
advantage of the complementary mapping operation of an unmanned aerial vehicle’s ample flight
height for enhancing its mapping ability. This approach can provide a ground-breaking perception
solution especially in agricultural field, where the targeted area covers extremely wide-open spaces.

Keywords: precision agriculture, mapping, robotic platforms, UAV, UGV.
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ENOTHTA 6 - MEPIBAAAON

1. EIZATQI'H

H yoaptoypaenon tov ydpov eivar éva amd Ta o oNUOVTIKG Tedio TN POUTOTIKY|, ATOTEAMDVTOG
EMIONG KO £VOL OVOTTOCTAOTO KOUUATL TNG POUTOTIKNG Kivnong kot mAonynons. AveEdptnta and tov
TOmo TOL OYNUOTOC, Un emovdpopévo emiyelo dynua (UGV) 11 un emovdpopévo evaéplo oymua
(UAV), pe mv yoptoypdenon To pOUTOTIKO OYNUO OTOKTA TNV GVIIANYN TOV Y®POL TOL TO TEPL-
Baiet. Zuvovalovtag to dedopéva and dapopovg acintipes, 6mwg to GPS, T1g povadeg pétpnong
adpaveiog (IMU) kat Toug aviyvevtég evpovg Aélep (LRF), 10 popmotikd dynua pmopel vo eKTIUNCEL
™ 0€0M, TOV TPOGAVATOMGUO Kot TV TaYOTNTA TOL EVTOG TOL YMPOV TOL OVTIAAUPAVETOL.

YyeTikd pe TV €pevva OV £YEl TPAYUATOTOMOEL Yoo TN XOPTOYPAPNOT TOL EMLYEIPTCLAKOV
YHPOL GE YEMPYIKEG epapuoyég, ot Hsu et al. (2018) mpotevav évav akyopibpo mov cuvovalet ta
TAEOVEKTNLLOTOL TOV TAVTOYPOVOL EVIOMIGLOV Kot TG YopToypdonons (SLAM) ypnoponoldvag po
Kkapepo BaBovg (RGB-D) kor tov SLAM. Ta dedopéva amd éva Microsoft Kinect, éva capmt
Mélep Hokuyo xou éva IMU ocvyymvedtnkov mpokelpévonv va mopoyfodv to. omoTEAEGLOTA TOV
TPIGOLAGTATOV TPOGOVOTOAGHOD Kol NG yoptoypdonong tov xopov. Eva extetapévo oiltpo
Kalman ypnowyomombnke yia 1 010pbwon ¢ petatdémong ond tov adpavelakd oichntpa, o
omoiog exkTyunOnke and tov acOntipa Kinect. Otav 1 petatodmion extiundnke and tov aicOnmpa
Kinect tote yapaxmpicOnke g PAapn. H toydtmra tov oyfuatog extiundnke amd tov cdpwon
Mlep. Emiong, a&loonueiotn givar ) épguvo mov paypatorotdnke and tovg Jorge Torres-Sanchez
et al. (2018) ot omoiot cuvdbOCAV TO POTOYPOUUETPIKA VEQEN onueiov pe évav adyopifuo
avayvoptong avtikeywévav (OBIA). H épsuva deniydn oe tpeic Sopopetikods ommpmVveg
apvyddiov ypnowonowwviag Eva UAV efomhopévo pe ooOntipa opatov RGB evd 1 pébodog
EMKVPWONG OTO TESIO0 CLVIGTATO GTNV KATAYPAPN TOL VWoug evog cuvorov 325 dévipwv oe 00
omwpoves. Mo ywpic emtipnomn aviyvevon aumeAdvov pe tm ypnon oeotoypapuetpio UAV
TpLoddotatov vEPovg onueiov mpotddnke amd tovg Comba et al. (2018) ypnoyomoidvrog Eva
UAV. Ta apywd dedouévo onuiovpyndnkay amd o, TOAVQOGUOATIKY KAUEPO LLE TNV OToio NToV
eEomiopévo 10 UAV, evd o mapayduevog 3D ybptng vépovg onueiov avaivdnke amd tov
TPOTEWVOLEVO KOVOTOLO LT EMLTNPOVUEVO OAYOPIOLLO.

M épevva yio TNV Tapoakorovdnon twv 3D petotonicemv 6to Ydpo ypnoonotwvag Eva UAV
éywve and tovg Hastaoglu et al. (2019) ot omoiotr TpdTEWVOV IO TPOGEYYIOT CLYKPITIKNG 0EI0AGYNONG.
Xpnowonowwvtag éva UAV, egomhopévo pe déktn GPS, moapryayov opBopwcotkd kot ynelokd
povtéda vyouétpov (DEM). Me Bdon 1ig ovvietayuéveg mov eAnednoav, ot TIHEG TOLTNTOG
vroloyiomKay pe Vv teXVIKn eAtpapiocpatog Kalman. Ot tipég toyvtntog Oewpnbnkay iceg kot
TPOGOIOPIOTNKAY UE TEXVIKEC OTATIOTIKNG ovdAvong, omog t-test, f-test, RMSE kaw VAF. M
npocéyylon emiong éywve and tovg Zhaocong Wu et al. (2019) ot omoiot mpotewvov po 2D-oe-3D
otpatnyikny v Clldvio oe poe opetv mepoyn. H perétn oelnybn oe po opevi meployn oto
Shenzhen g Kivag, Aappdavovtag morlamAiég eikdveg mpoPfoing and éva UAV, ypnoylonoidvag
£va, TPIOOLIOTATO HOVTEAD TAEYHOTOG LYNANG okpifelag kot Evav ynelokd opBopmtoydptn. Ot
Bosse xot Zlot, (2009) ewofyoyav p aAyopiOuiky mpocéyyion mov PacileTor oTovV KOAd
kabiepopévo akydpBpo emovoinmrikdtrog koviwvotepwv onueiov (ICP). Avty n mpocéyyion
TPOYUOTOTOWONKE YpNooToOIdVTAS évav aloBnmpa dwidotatng odpoong pe Aéwep vy 3D
yaptoypaenomn. Ot Cole and Newman (2006) e&omhoay éva UGV pe éva Aéilep olpmong pe otdyo
TNV KATOOKELY] EVOG VEQPOLG OMUEI®MV, TOV YPNCLUOTOLEITAL V1oL YOPTOYPAPNON KOl TAONYNOY TOV
oynuatog. [apd tig mapadociaxéc teyvikég SLAM, o1 Cole kot Newman ekmondedcov emtnosvpuévol
évav Ta&vountn yuo v omoppiyouv TIg KOKES avTIoTOIGES ohpmang and TN JadtKacio Gapwong
tov ybptn. Ouv Sunderhauf et al. (2006) =mpoTEwVe IO OVTIKEILEVOGTPOPT ONUAGIOAOYIKN
xopToypdenomn ypnoLonomvtag vav awstntipa kapepog Babovg RGB-D. ITapd v mapadociokn
dwdikooio tprodidotatng yoptoypdenons, ot Sinderhauf et al. vlomoinoov o aviyvevon
avTiKeWEvav pe PBabid pddnon kot tpioddotatn tunpatomoinon xwpig emifieym, pe otdéyo vo
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EMTPEYEL OTAL VPV POUTOT VO KATOVONGOLV TOGO TIC YEWMUETPIKEG OCO KOl TIG OTUOGLOAOYIKES
W00TTeG oL YOpov ToL TO TEPPAALEL. [lapapévovtog ot TPOCEYYIGES ONUACIOAOYIKNG
yaptoypaenong ot McCormac et al. (2006) swonyayav pio TPocEyylon mOL amoTeAEiTal omd TO
GLVOVACUO GUVEMKTIK®V VELP®VIKAOV dkTV®V (CNN) kot evoc cvotiuatog SLAM mov ovopdleton
“ehaoctikn ovvtnén” (Elastic Fusion). To ElasticFusion mopéyet pokpoypovieg mukvEeg ovTIoTOLYiES
peta&y mlacsiov eocmtepikov PBivieo RGB-D. Xpnowonoidvtag to CNN, 1 pelétn 6ToYEvEL OTNV
TPOPAEYN TOV TOAAATADV onueimv TPoPoing Kot ot cvyy®vevor o€ xbptn. To a&loonueiwto e
LTV TNV TPOGEYYIon givat To yeyovag 0Tt ot puBuoi twv mAaiciov etvar tepimov 25Hz, mapéyoviog
pe aAAnenidpoon oe mpaypatikd ypoévo. Téhoc, ot Bosse and Zlot (2008) apgiopritmoav to
yeyovog 0TL 1 Kivnon tov ausOnTpa eivor ypryopn o€ €N e TOV pOVo HETPNONG Kot KOTE GUVE-
TELNL Ol COPMGELS YIVOVTOL TOTIKA TAPAUOPPOUEVES Kot SUOKOAO Vo evBuypappetovy. H mpotevo-
pevn AVom amoteAeitol amd pio TPIeOIEeTOTY GAPMOT TOV YPNGLULOTOLEL Lot GLUVEYN TPOYLL osON TN -
pa 6 Babumv elevbepiag mov avaktdtor yio va 010pBwBOel 1 evBvypdpon Tov VEQovg onueimv. Qg
ATOTEAEGLA, TO TPOIOV TTapAyel akpPBeic yapTeS Kot VYNAN aglomotio Kiviong TV oYNUAT®V.

Xmv mapodoo epyacio mapovowaletor o mpocéyylon 3D yaproypaenong. H dwdikacio
nepapPaver texvikn oeotoypappetpioc UAV ypnopomoiwvroc ¢ootoypagikn unxovy RGB,
awcOnmpa Aélep wor déktn GPS kivnuotikod eviomopov o€ mpaypoatikd ypovo (RTK),
TPOKEEVOL v ANeOovV ta dedopéva amd To Tedio. XN cuvéyEl T0 cvotnuo emeCepyaletol Ta
dedopéva HEc® evOg KAEIOTOD AOYIGUIKOD, VO KoTaokevaletal 10 vépog onueiov tov mediov. To
apYIKG TOPOYOUEVO VEQOG omueiov elval pepikadg afldmioto mpokeévoy va givor g Bdon
mwofynong ywe to UGV. T va avipetomotet to mpoéfAnuo  ovtd  mpoypotomoleitol
npoenelepyacio mpokeévou vo. onuovpyndel éva poviého miéyuaroc (MESH) ypnoipomoidvrog
NV TEYVIKT TPLyovicpov. Téhog, To povtédo tov mAEypatog petacynuotiletol og éva apyeio yoptn
T0 omoio &ival avayvopicio and to UGV.

2. ANAAYXIH XYXTHMATOX

Muo dradtkacio xaptoypdenong anottel T060 EVOMUATOOT) TOV VAIKOD 0G0 Kol TOV AOYIGHIKOD GE
éva Oynua. H evoopdtomon tov vAkov tepthapfdavel Tovg omapaitnTovg aenipeg kot GAAa VAKG
EVAD 1M LAOTOINGN TOL AOYIGHIKOD TEPLEYEL TO KAEIGTO AOYIGUIKO TOL YPNCULOTOLEITAL Y10, TOV
YEPIOUO TV OEGOUEVOV KOl TO OMOTEAECUO TOV TTPOTOVTOS. To Aoyiopikd Tov oynuatog Bewpeiton
emiong og vAoroinon hardware kot Oo avoivdel TapakdTo.

2.1 Avtovopo oyfqpata
X aUT TNV LIOEVOTNTA TEPLYPAPETOL GLVOTTIKA KAOE GTOYEID VAIKOD OV YPNOUOTOONKE
OTNV TPOTEWOUEVT] TPOGEYYIOT YAPTOYPAPNONG, EVA M OVAYKY OVOyvOPLoNG TOL TEPPAAAOVTOC
ntav otevd cuvdedepuévn pe tovg auctnmpes. To evaéplo dymua otabepng mtépuyag (eBee g
SenseFly) amotedel tov KOplo mupnva ¢ dwdikaciog yaptoypdenons. Awbétoviog peydin
dapkeln ypovov mtnong, 1o eBee g SenseFly eivar oe Béon va amotumdvel TeployEg HeydAng
KAMpokog yio vo mapdyst opBopmcoikd kot véen onueiov. Etvar e§omhmopévo pe o kapepo RGB
mov ovopaleton SODA, n onoia givon amokieiotikny kauepa RGB yio to eBee kot cuvdéeton péow
g evoopatopuévng Bopag USB. To aepookdpog eivar emiong eéomhopévo pe RTKGPS yo v
BeAtiotomoinon ¢ mAonynong kot tnv akpifel Tov oxnUoTOS, Ve ol KaBetor Tomobetnuévn
ochpwon Aélep voroyilel cuvEXDS TO VYOG TTTHOMG TOV AePOSKAPOVS. ExTOg amd To aepooskdpog, 1
neprypaeica Tpoosyyion nepapfdvel Evav @opntd vToAOYIoTY, 0 0Toiog elval VIeEVBVVOG Yo TOV
ELEYYO KOl TNV OTOGTOAT EVTIOADV 6TO evaéptlo Oynua. H kepaio tov eBee emkowvmvel pe v kepaio
USB mov givor ovvoedepévn pe 1o @opntd vmoloylot|. Avtdg o otaBuoc 30povg TEPEXEL TO
AmOPOITNTO AOYIGHIKO, LE OTOXO TNV TOPoYN 0EOTIGTOV OMOTEAEGIOTOS GYETIKG e TNV TAONYNON
KOUL TNV ETKOVOViR TOL VTOAOYITH pe To Oynuo (Ewova 1).
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Ewova 1. To eBee a n RGB «épepa.

H dwdwascio g yaptoypdenong odnyobv o611 KOTAUOKELY] EVOG YAPTN TOL E€1GAYETAL GTO EMIYELO
omuo (Ewova 2), pe otodyo t domepaioon piog amoGToANG, TO 0T0i0, € GLVOLOCUO TO YAPTH Kot
TOV EVOOUATOUEVOV oloOnTpoVv uropel va mhonynOet pe acpaielo péco otov aypo.

Ewova 2. Ar()voo emiyelo oymua

2.2 Aoyiopiko

To Aoyiopikd amotelel TOV TLPNVOL TOV EVOEPIOL OYNUATOC Kol TNG 1dwog ¢ oladikaciag. To
EVOOUATOUEVO AoYiokd Tov eBee cuvdéetar a&lomota pe to Aoyiopikd mov ekteheiton 6To oTtafuod
€00(QOVC, TOPEXOVTOS TAPAAANAL YPTICULES TANPOPOPIES GE TPAYUATIKO ¥pOvo oyetikd pe to UAV,
onwg eminedo pmotapiog, Tpéyov Vyog k.o. To Aoyiopkd eMotion cuvvodedeton omd OAo Ta
OmOPOiTNTO TPOYPAUUATH 03N YNONG KO TO TPOTOKOAAN EMKOIWVOVIOG Y10 TNV EMLTLYY] GOVOESN LE TO
oymuo. Amd v GAAnN TAgvpd, To TEAKO TPOoidv NG 3D yapToypdenong mapdyeTol omd TO AOYIGUIKO
Pix4DMapper Pro evd yepileton ta kotayeypopupévo dedopéva amd 1o eBee.

2.3 Awodikaoio ektéheong

H dwdwoscio arotedeiton and vroeneEepyasiec TOAAATADY eMIES®V, KAODG TO TEAMKO TPOTOV
elvar mepimhoko va mapaydel. Awd TV TPoeTOAGio TOV GTAOUOD E3APOVS UEXPL TV TAONYNOT TOL
UGV, 1 Jwdwocio yoptoypdenone MG mTEPOYNS MeEYIANG KAlpoakag eivor dounuévn omd
SPOPETIKOVG TOTTOLG VAOTOMGEWMYV, VA OAN 1 dladtkacio elvarl po akoAovBlokd extelecheica
oepd evepyelwv (Ewodva 3).
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ATTOKTNON MAonfiynon etriyeiou
Sedopévwv oxnparog

Mpo mrTiong ATtroyeiwaon Emokomion

o e i -Anpoupyia vi G -Anoupyla xaprn
-MAéypa amogTohig Rt VIV y £
_DuoypappETpic -Anpoupyia povithou avayviploo ame 1o eniyen

, 1 TAEYpaTOS dynua
~fiopBuso 4 e . - X : . —
-AiopB eig RTK -Mewavagopd Tou vigoug -ATIooToA| OTé¥0U pE GPS

-ATIOVEIWan
OT0 EVaEMID -Avapovr eviohng

Ewova 3. Awdikacio Tapaymyng Telkov xap.

MoMg odokAnpmBel n dradikacio yapToypdenons, To anotéAecuo eneEepyaleTol Kot EIGAYETOL GTO
OyMuo. €04POVS, TPOKEWEVOL Vo aSloAoynBel n akepAOTNTA TOV  TOPAYOUEVOL YAPTN KOl V.
ypPnoporomet yro v OpooAdyNo™ ToV.

3. AMIOTEAEXMATA

H dwdwacio yoptoypdonong mapéyet Ui, GUAAOYY YEMOEUEVOV EIKOVOV TOV TESiov, dmov To
Aoyiopko Pix4DMapper Pro givot vrevBovo yia v katackevn Tov vepovg onpeiov. Aedopuévon 0Tt
TO TTOPAYOUEVO VEPOG ONUEIV OeV glvar apkeTd a&lOTIoTo Yo vo, eloayBel 6To dyMuo €34Povg, £va
HOVTEAO TAEYUOTOC OMUIOVPYNONKE YPNOILOTOLDVTOG o LEHOOO TPIYOVIGHOV TV £QAPUOLETOL OE
OM0 TO apyelo VEQPOVG oNUEI®V, TPOKEUEVOD VO KOADWEL ToL SVCKOAN TPOGTELAGILO, GNUEID TOV TO
EVOEPLO OYMUO. £YEL YGoEL LOY® TOV HEYEBOLE TG PuTOKOUNG TV dévTpwv (Ewkdva 4).

Ewoéva 4. Aopbwon tov vépoug onueinv HEoo TPrymvomToinomng.

H xédAoym tov onueiov emtpénel 6To poumoTikd AOYICUIKO Vo O1LLIOVPYNGEL V0L GUUTTAYES XAPTN
QUIKO TTpog o poundT. To emiyslo OyMua wov ypnolponomdnke Aettovpyei pe Pdon to AoyloHKO
ROS (Ewova 5), mov ouvdvalel 1060 0V mupive OG0 Kol TO AOYIOUIKO OTEKOVIONG Yo TIG
poumotikég Asttovpyieg (Ewova 6), mapéyovtog o oAokANpouéEVN AOGN 6T POUTOTIKN TAOTYNOoN
Kot yepay®ynon. And v mhevpd tov ROS, ypnowonomdnke 1o makéto “octomap” wpokeévon
VO LETATPOTEL TO LOVTEAD TAEYHOTOG O€ YdpTn Katavontd amd to UGV.
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" AkaTépyagta
dedopéva amo
KAMEpA Kal DEKTN

. GPS )
TpIywviguog
— K?Ep‘;':f; d MovTého ucg\‘:"’l:"‘l)‘;:luﬁo
TTAéypaTO .
H/Y gnpgiwv YH S medio
- e

2T0iBa
TAORYNoNg
uGgv

Makéto ROS
Octomap

Ewova 5. And axatépyaotn mAnpopopia 6€ ¥proUO TPOIOV.

Ewova 6. Etodn0svon mapayOdpuevou xaptn e TPAYLOTIKO QVTOVOLO ETIYELO OYTLLAL.

To amotéAecpa NG CLYKPITIKNG a&lOAGYNOoNG NTOV 1TKAVOTOMTIKO, EVM TO POUTOTIKO OYMMOL
KatevbuvoToy HE aoQAAELN OVAUEGO OTO OEVIPO TOL OMMPMVO, EMLTLYYAVOVTOG TOV EMBLUNTO
otoy0. O1 yproteg Oplov pe  Pondeta Tov adyopBKod 6yedaGHOD TOV POUTOT, TO TEMKO ONUELD
TPOGPOONS TOL OYNUATOG KOl KATE GUVETELD TNV AGQPOAY LETOKIVNON TOVL péca otov aypd. [Tapd to
YEYOVOG OTL LANPYOV KATOW OVOUEVOUEVO GOAOAUATO OTMOC 1 ovoKPBG OvVTIoTOlylon ToV
Ye@YpapKaV cvvtetaypuéveov GPS tov evaépliov oynuotog Le TIC TPOYHOTIKEG GUVIETAYUEVES TOL
petpnOnkav and 1o GPS tov oyfuartog, n tpocéyyion manciole oxeddv to emtBountd amotéAecpa.
Ta empépovg mpoPfAnpaTo TAOYNONS EMAVONKAV YPCILOTOUDVTOS TOV EVOMUATOUEVO OVIYVELTY|
Aélep, meprotpoens 360 popdv, Tov oTdY0 €lye TNV OLVOLIKY ATOPLYN CTATIKAOV 1] KIVOOUEVOV
EUTOSI®V HECH GTO YMPO, OV TO EVAEPLO OYNUO dEV UTOPECE VL aVTIANEOEL, OTMG TOPASELYLOTOG
YOPLV, KOPUOVS OEVTIPWV.

H dpopordynon tov UGV ot Bdon tov encéepyacpévou yaptn €xel og e&ne. Ta apyikd dedopéva

amotelovvtol and cvvietayuéveg UTM (Universal Transverse Mercator) ot omoieg oynuoatilovv

oToiylon TV JEVIPOV KAOMG KOl TIG GUVIETAYUEVEG TOV EIKOVOV TTOV £xouv ANeOel. X1 cuvéyela
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ONUIOVPYOVVTOL GTOV KAOJIKA, 3 OVTIKEILEVO TOL TEPLYPAPOVY TOV YAPTN TAEYLOTOG O OTOI0G
OVTITPOCHOTEVEL TOV AYPO, UETOED OEVOP®V O10OPOUN, EUTOSI0 Kol TO (eVY0G apykd —TeMKO onueio
dwdpounc. Metd 10 mEPag Tov oYEdIAGHOV TV onueiov dnuovpyeitor to telkd povoudrtt. H
Ewéva 7 mopovcialel (o appoyn TOL GULOTNUATOS OTO GYEOOGUO OLOOPOUNG TOL EMIYEIOV

OYMNUATOC.

Obstacle #1

Obstacle #2

Ewova 7. To UGV axolovbei 10 povomdrtt mov £xel oYeO1AGTEL.

4. LZYMIIEPAXMA

Xmv epyacia avt TOPOLGLALETOL ML YOPTOYPAPNON HEYAANG KAMpoxkoag Poaciopévn oto
TapoyOUEVO VEQOG onpeimv ypnolLonoldvtag éva pn enavopopévo evaépto oynuo. To UAV
YPNOLOTOOVVTOL EVPEMS OTN YewpYio akpiPeiog EKUETAAAELOUEVO TOGO TNV KAVOTNTE TOLG VO
mapokolovBodv amd peydAo VYo o peydAn éktacmn OG0 Kol TO YOUNAO KOGTOG EVEPYELONKNG
KOTOVAA®ONG oL ypetalovtol yio vo. Aettovpyncovv. Aaupdvovtog ta dgdopéva amd to UAV,
dwyelpifovtag Tovg TOPOVS Kol EIGAYOVTOS TO TOPUYOUEVO TPOIOV GE EVOL TPAYUOTIKO POUTOTIKO
OyMua, N OOIKAGIO YAPTOYPAPNONG OAOKANPAOVETAL GE UIKPOTEPT XPOVIKN SLAPKELD, GE GUYKPION
pe tov ypoévo yoptoypaenons mov Ba ypewalotav éva UGV wote va olokinpdoet pio tétola
dladkacio oto 1010 medio pe to evaéplo oynuo. H yapaktnplotiky Aettovpyio ovTng TS £pyaciog,
amoteleitol  amd Tn  OdKocion yoPTOYPAENONG VYNANG ToxOTNTOG HE EVAEPla  OYNLOTA,
amoPEVYOVTOG TN PO TS TAPAOOGLUKNG KOt ¥POVOPOPAS XOPTOYPAPNONG UE EMIYELD OYNLOTOL

H mpotewoduevn dwdikacio pmopel va ypnoipomombei o€ mOAAES £QAPUOYES OMMOG EIKOVIKES
OAANAETIOPACELS KOL POUTTOTIKY] TAOTYNOT). XT0 UEAAOV, TO EVOLAPEPOV EMKEVIPAOVETAL 0T PEATimON
¢ avtiotoiylong Tv 6vo GPS, otn dnpovpyio evog TPIGIACTATOV HOVIEAOL TAEYLATOG KOL YOPTOV
0€ TPAYUATIKO XpOvo evd 1 cvvepyacio tov UGV kot UAV o1t yaptoypdenon yopaktnpiletor og o

KOPLOG 6TOYOG.

473
11° MaveMAvio ZuvESpPLo MTEwPYLKAC MNXOVLKAG
BoAoc 2019



ENOTHTA 6 - MEPIBAAAON

ANAT'NQPIZH TIOPQN EPEYNAX

H mopovca epyacio mpaypatomomdnke ota mAaicia tov épyov "Epevvntiky Xvvépyesio yioo v
Avtuetonion tov Meydhov TlpokAncewv tov IMAéypotog (NEXUS): Evépysio-Ilepipdilov-
Aypotikny Hopaywynq (Tpoer, Nepd, Yiwd) (NEXUS)”, pe ypnuotodomon g [evikng
I'pappateiog 'Epgvvag kot Teyvoroyiog (ITET) - Kwdwog Epyov: MIS 5002496.
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EKTIMHZH TOQN EITIITQXEQN THX KAIMATIKHYX AAAATHX XTH
MEI'XTH KAI EAAXIZTH GEPMOKPAXIA ME THN XPHXH
MONTEAQN I'HINOY XY2THMATOX

I1. Kovkovin, I1. I'ewpyiov & A. Kapmovog
Tunua 'eomoviog AIL.GO., Topéoc Eyyeiov BeAtivoewv, Edaporoyiag kot I'ewpyikng
Mnyovikng,54124,0socaiovikn,e-mail: pkoukoul@agro.auth.gr

HHEPIAHYH

H «hpotiken oddayn Beopeiton and tor onpovtikdtepa TpofAIUOTo GE TOYKOOUO €mIMESO e
COPOpPES EMNTMOGELS Y10 TO YEMPYIKO TOREN Kot daitepa yio TV meployn g Mecoyeiov 1 omoia
€xel avayvoploTel g eVAA®MTN. TV Topovoa pyacic, LEAETHONKAY Ol EMMTAOGEIS TNG KALOTIKNG
aAhayng ot péyiom (Tmax), oty ehdyom OBeppokpacio (Tmin) ko oto Beppokpaciakd £0pog
(Trange) otV meproyn tov Ayiov Mapo XoAkdwkne yo to péoa ko To téAog tov 21ov awdva. o
TOV 0KOmoO ovTd ANeOnkav dedouévo amd to. Movtéda I'ivov Zvotiuatog (ESMs), CanESM2,
GFDL-ESM2M, HadGEMZ2-ES a1 IPSL-CM5A-LR pe Bdon ta oevapia exkmoummv RCP2.6,
RCP4.5 ka1 RCP8.5 ywa tic meprddovg 2041-2060 wor 2081-2100 kon v mepiodo avopopds 1981-
2000. To omoteAéopOTO DTOOEIKVOOLV OTL N UEYIOTN KOl 1) €Adylotn Oeppokpacio kabOS Kol TO
Bepuoxpaciokd evpog avapévetal va avénbodv pe ) peyaldTepn avénon va mapatnpeital Kot 1o
TéA0G TOV 210V cudva ko pe faon to cevaplo vynAov ekmoundv RCPS.5S..

Aéeis kheroia: kMpatikn aAlayn, Oepuoxpacio, Movtéla [Mvov Zvotuatog, RCPs

ASSESSMENT OF CLIMATE CHANGE IMPACTS ON MAXIMUM
AND MINIMUM TEMPERATURE USING EARTH SYSTEM MODELS

P. Koukouli, P. Georgiou & D. Karpouzos
School of Agriculture A.U.Th,Department of Hydraulics, Soil Science& Agricultural
Engineering,54124,Thessaloniki, e-mail:pkoukoul@agro.auth.gr

ABSTRACT

Climate change is one of the biggest threats the world faces today with severe impacts on the
agricultural sector especially in regions such as the Mediterranean Basin which is considered
vulnerable. In the present paper, the impacts of climate change on maximum (Tmax), minimum
temperature (Tmin) and on temperature range (Trange) in Agios Mamas of Chalkidiki for the middle
and the end of the 21st century, were studied. For this purpose, data was derived from Earth System
Models (ESMs) CanESM2, GFDL-ESM2M, HadGEMZ2-ES and IPSL-CM5A-LR under climate
change scenarios RCP2.6, RCP4.5 and RCP8.5 for the periods 2041-2060 and 2081-2100 and for the
baseline period 1981-2000. The results showed that maximum and minimum temperature as well as
temperature range are projected to increase with the greatest increase predicted by the end of the 21st
century and according to the high emission scenario RCP8.5..

Keywords: climate change, temperature, Earth System Models, RCPs
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1. EIXATQI'H

H apotikn aAloyn omotédece Kot omOTEAEL OVTIKEILEVO UEAETNG TOAADV €PELVNTOV KOOMDC
Bewpeitor amd o ONUAVTIKOTEPO TPOPANUATO CE TAYKOGUIO EMIMEDO QPOV UTOPEl Vo EMNPEACEL
OlIPOPOVG TOUEIG TNG KOWMVIKNG OpacTnplOTNTOS Kot To QUOIKO mepidiiov. H dvodog g
Oeppokpaciog g atpoceopac Eekivnoe omd 10 T€Aog tov 19” audva kar 0 pécog pvOuog
0éppavong e aTtuoceopog Tov Thavitn kotd Tov 20° ardva frav 0.74°C avé 100 xpdvio cOpQova
pe v Téraptn ExBeon A&oddynong g «AwokvBepvntikng Emtponng yio v khMpotikn aAloyn»
AR4 (IPCC, 2007). Zoppova pe v IMéuntn ‘Exbeon A&oddynong AR5 (IPCC, 2013) 1 péon
maykoco avénon g Beppokpaciog frav 0.85°C yia v wepiodo 1880 £wg 2012 ko kabepio and
TIC TPEIS TEAELTAIEG OEKNETIEG NTAV O100YIKA OepLOTEPT GE OYEOT LE OMOLNONTOTE TPONYOVLEVT
dexaetio amd 1o 1850. H npoceatn AR5 (IPCC, 2013) npoPrémel avénon g péong Oeppokpaciog
m¢ atpdsearpac amd 0.3°C éwc 4.8°C kotd to téhog tov 21 ardva (2081-2100) e oyéon pe 10
1986-2005, coppwva pe ta oevapio PCP2.6 kot RCP8.5.

Ot oAhayéc otig KApatikég ocuvOnkeg Ba emnpedoovy onuavtikd to pvopd avamtuéng tov
KOAMEPYELDV, TIG OVAYKEG TOVG GE VEPO KOl YEVIKOTEPO TN SOOECIUOTNTO TOV LOATIKOV TOP®V,
KLPLOTEPOG YPNOTNG T®V OToiwV glvar 1 yewpyia, Tov katovaimvel tepinov to 80% otn yopa pog. H
Notwo Evponn, kabdg kot n evpdtepn mepoyn ™ Mecsoyeiov, £Qovv avayvopiotel ©g VdAmTES
TEPLOYEG GYETIKA LE TIC EMATMOGELG TNG OVOPOTOYEVOVS GLUVIGTAOOCNS TNG KALATIKAG aAlayng (Giorgi,
2006; IPCC, 2007). I' tov eladikd ydpo mpokdmtel 4t kKotd to téhog tov 21°° adva (2091-2100)
N Oeppokpacio Tov aépa Ba avEndei peta&d 2.4°C ko 4.5°C oe oyéon pe v nepiodo 1961-1990
(Tpdmela g EALGS0g, 2011). H avénon g Bepprokpaciog Ba givor peyodldvtepn katd to BEpoC Kot
T0 POWVOTOPO Kol PKPATEPT] KOTA TO YEWMVA Kot TV avolgn. Ot peyoddtepeg TiéS avénong g
Bepuoxpaciog kot T xeyepvi tepiodo mpoPfriémovion yio TV meployn g Bopelag EALGSaG.

2V mopovco pyacia, HEAETNONKOV Ol EMMTMOCELS TNG KMUATIKNG OAAAYNG OTN HEYLOTN Kol
eldyrotn Beppokpacio kabOC kol oto Bepuoxkpaciakd €bOpog otov otabud tov Ayiov Maua
Xohkdikig, v ta péoa (2041-2060) xar to téhog tov 21%° cudva (2081-2100) pe Baon v
otopikn mepiodo 1981-2000. T v emitevén tov mopandve otdyov AMNednkav dedopéva omd to
Movtéla [Mwov Xvotipotog (ESMs), CanESM2, GFDL-ESM2M, HadGEM2-ES kot IPSL-CM5A-
LR pe Baon ta véa oevipio exmopundv RCP2.6, RCP4.5 wor RCP8.5. Ta mopamdve povtéda
eMAEYOMKAY KOOMG amoTELOVV T TEAEVLTOIOG YEVIAG LOVIEAN TOL OTTOTI YPTCILOTOMONKAY GTNV TTLO
npoceatn (ITépnt) ExBeon A&oddynong g IPCC kot meptypdeovy tKovomomTikd Tig KAMUOTIKES
ocuvOnkeg tov maperbovtog (IPCC, 2013). [Mopdio mov To TOPATAVEO HOVIEAN OTOTEAOVV 1KOVEL
gpyodeia yio T1g HeEALOVTIKEG TPOPAEYELS, dEV VILAPYEL KATOLO0 HOVTELO TTOL Vo umopet vo BecwpnBel
®¢ 10 Mo okpPés. T mv avénon g aEomoTiog ToV HEALOVTIKOV TPOPAEYE®Y, GTNV TOPOVCH
gpyocia  ypnowomomOnke évoag aplOpds KAMUOTIKOV HOVIEA®V HE  OLPOPETIKEG  YMPIKES
OlOKPITOTOMGELS. AQod ANEONKav ta. dedopéva PEYIOTNG Kot eAdylotng Beppokpaciog yio tnv
epiodo avapopdsg kKat TIg TEPLOSOVG KAMUOTIKNG aAloyng and to técoepa ESMS, vroloyicOnke 1
UETOPOAT TOVL EMEPYETAL OVALESO GTNV TEPI0O0 AVAPOPAS Kol TNV TEPIOO0 KMUATIKNAG aAlayns. Me
Bdon avt) ™ petafoAr], dSlTAPAGGETAL 1] IOTOPLKY| GEPE TOV OEGOUEVOV TNG VIO UEAETN TTEPLOYNG.
H dwtopoayuévn cuvletikn oepd ypnoiporomdnke amd ) yevvitpla koupov ClimGen (Stéckle and
Nelson, 1999) yiwa ™V mapaymyq OLVOETIKOV OEPOV, Ol ONOiEG STNPOVV TO. OCTATIOTIKA
YOPOKTNPIOTIKO HeTd TN Swtdpalny TOLG KOl OmOTEAOVV TIC UEAAOVTIKEG EKTIUNGELS TNG

Bepurokpocio.
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2. MEOGOAOAOI'TA
2.1 Tleproyn peréTng

H pelét tov emmtdoemv ¢ KMUOTIKNG aAlayng ot Bepuokpocio mpoypotomomdnke otnv
neployn tov Ayiov Mapa tov N. Xoaikowmg oty Bopeia EAALGSa 1 omoia Bpioketon peta&y 40°15'
YE@YPOEIKO unKog kot 23°20" yeoypapikd midtog (Zynua 1). To kAipa eivar kupiwg Mecoyetoko, e
Bepud Kodokaiplo Kot Wyoxpovg YEWLADVES Kol 1 TEPLOYN Eval YEWPYIKT UE OPOEVOUEVES EKTACELG.
Y1ov Ayto Mdapa Aettovpyel petemporoyikdg otaduog, Tov omoiov o LETEMPOAOYIKA OedOpUEVA Efvat
€ MUEPNOIO YPOVIKO Prpo Kol YPNOIUOTOMONKOY Yo TNV TOPAY®YN] TOV GEVOPI®V KALOTIKNG
aAhayns. EmumAéov, o otabuog Ppioketon 6 younAd VYOUETPO LE OTMOTEAECUO VO, TPOCOMOLDVEL
KOADTEPO, TIG OLVONKEG TV aPOEVOUEVOV TEPLOYDV KOOMS avTég Ppiokovior 6€ TOPATANGLO
VYOUETPO KO TOPATAELP®G TOV oTOOOV. Ot KMUOTIKEG TAPAUETPOL TTOL YPNCLOTOMONKAV GTNV
Tapovso. epyacia ivar  péylotn ko eddyrot Oeppokpacio (°C) yia v mepiodo avagpopdc 1981-
2000.

EMGBa = N. XaAKIBIKig
&%ﬁkfi ' T e wgn wen ewn e

= ;\-- ;.’ T L ".{ i
K 1 . ‘\\

EVIPIKG o o {
MaxeSovia, | L\ k i1 Ayiog Mapag

lmm )\*x

L £ N

ety o, G 5y e e e e e R R

- ..‘.‘?____\ F"_"’f‘!‘f‘,‘,'\} A ., I R TP "‘;‘_r

Yympoa 1. H v pedét meproyn tov Ayiov Maypa.

2.2 RCPs oevapla ekmopmav

Mo ™m pedém tov emmtdoev TG KMUOTIKAG OAAAYNG OTIG OLUPOPETIKES avOPOTIVES
dpacTNPLOTNTES KOl TO TEPBAALOV, OVOTTUYXONKOV TO GEVAPLO EKTOUTMV TO, OO0l YPTGLLOTOLOVVTOL
®G 0E0OUEVA 16000V 6 KMpaTiKA povtéda. Ta mapoandve cevapilo amoteAodV EVOALOKTIKEG EIKOVES
Y 10 TO¢ pmopet vo e€eAryBel 10 uEAAOV KaAOTTOVTOG €val VPV PACHO UETOPANTAOV OIS M
TEXVOAOYIKN €EEMEN, Ol KOIVWVIKOOIKOVOUIKES OAAAYEC, O1 ¥PNOELS YNG KO Ol EKTTOUTEG TWV 0EPIOV
ToV Bgppoknmiov ot onoieg Ba kabopicovy v eEEMEN TOV PavouévoL TG KAMuatikng odiayng (van
Vuuren et al., 2011). Ot dapKeic OVAYKES Y. AQYN TOMTIKOV OYETIKA HE TNV OVOUEVOUEVT
KMUOTIKY) aAAay] GONGAY TOVG EMGTAUOVES GTNV avATTLEN Hag Opadag vEmV oevapiov, Tov RCPS
(Representative Concentration Pathways) to omoia ypnowonomdnkoav oty Iléuntn "Exbeon
A&wordynone g IPCC (IPCC, 2013). Ta véa ocevapia RCPs anotelodvion and técoepilg ouddeg
oevapiov ta omoio avarTOYONKaY Yoo Lokporpdbeaueg Kot Ppoyvmpofeces LEAAOVTIKEG EKTIUNOELS

477
11° MaveMAvio ZuvESpPLo MTEwPYLKAC MNXOVLKAG
BoAoc 2019



ENOTHTA 6 - MEPIBAAAON

ol omoieg AapPavouv VTOYN TOMTIKEG LETPLOUGHOD TOV EMMTMOCENMV TNG KAIUATIKNG OALXYNG Yol TN
peimon tov ekroundv Tov agpiov (IPCC, 2013).

Ta téooepa RCPs wkoAvmrovv tpég «khpotikod eEovaykoopod AOY® HETAPOANG  TNG
axtvoBolriacy (radiative forcing) péypt to £toc 2100 omd 2.6 émc 8.5 W/m? (van Vuuren et al., 2011)
Kot cvpmAnpmvovrol pe enektacelg (Extended Concentration Pathways, ECPS), ot onoieg enttpémovy
T1g TpoPAréyelg uéxpt to £1og 2300. Ta mapamdved cevdplo £(0VV TAPEL TNV OVOUOGIO TOVS OO TNV
T tov KhMpotkov eéavaykaopov (RCP2.6, RCP4.5, RCP6 and RCP8.5) e oyéon pe v mpo-
Brounyavikn n omoia Oa emitevybel eite to €t0c 2100, 1 B otabepomonbel petd o 2100 (van
Vuuren et al., 2011). ITepthapfavovv évo GeVapPLo HETPLOGHOD TO 0T0i0 0dNYeL 6€ TOAD YOUNAO
Khpatiko ggavaykaopd (RCP2.6), 6o evdidueoa oevipio otabepormoinong (RCP4.5 and RCP6) kat
éva ogvdplo vyniav ekmoundv agpiov (RCP8.5) (van Vuuren et al., 2011). Xty nopodoa epyacia
YPNOLOTOMONKE TO 0161000E0 cevdplo yaunAdv exkmoundv RCP2.6, to evdldpeco cevipio RCP4.5
Kot T0 dVGUEVESTEPO GeVAPLo VYNAGV ekmoundv RCP8.5 (IPCC, 2013). Zdupwvo pe 1o ogvdplo
RCP2.6 10 eninedo tov kMpatikov e&avaykacpuod eodvel apykd o€ pa Tun mepimov oto 3.1 W/m?
67O, LEGOL TOL ALDVO KO PLELOVETOL 6TO 2.6 W/m? péxpt to 2100. 210 oevipro RCP4.5 10 enimedo Tov
KMUOTIKOU e€avayKacpov eBavel apykd o€ po péEytotn Tun katd to 2040 ko otabepomnoteital 6to
4.5 W/m? uéxpt to 2100. To RCP8.5 yopaxtnpileton amd v adénomn ToV EKTOUTOV 0EPI®V TOV
Beppoxmmiov Katd T OIGPKED TOV ETOV KO OVTITPOCOTEDEL L0 amoTVYio peimong g 0€ppavong
Tov mhavntn €wg to 2100.

2.3 Movtéha yitvov GUGTIHOTOG

Ta KAMPOTIKE HOVIEAQ YPNOLUOTOOVV TOCOTIKEG UeBOOOVG Yoo TNV  TPOGOUOIMOT TV
AAMAETIOPACEDV HETAED TNG ATHOCPULPOS, TOV OKEOVAV, TNG EMPAVELNS TNG YNG KOl TOV TAYOUL.
Xpnoponotobvtat Yo dSpopovg GKOmovS, amd TN KEAETN TNG SVVOLUKNG TOL KAMUOTOg PEXPL TV
npoPAeyn Tov peldoviikov KAipatoc. Toa Movtéda I'jivov Xvotiyuatog (Earth System Models-
ESMS) amotelobv ta televtaiog yevidg kApotikd povtédo To omoia ypNouLomomndnKay otnv
[Téumtn 'ExBeon A&iohdynong g IPCC kot givon tor katarAniotepa dwabéotpa epyodeio yioo tnv
TPOCOUOI®ON TNG OVTIOPAUCTG TOV KAUOTIKOD GUGTHHOTOC, TOGO 610 TapeAOOV 66O Kot 6To HEALOV.
Ta ESMs amotelolv emektdoels Tov ATHoc@ouptk®v-Qredviov Moviéhov Nevikng Kuklogopiog
(Atmospheric-Ocean General Circulation Models-AOGCMS) kot mepthappdavovy  Broynuikong
KOKAOVG OTtmg Ttov KOKAO Tov GvOpaxka, tov Beiov kou tov O6lovtoc (Flato, 2011) oAld xar Tig
EMOPACELS AOY®D MYe®V amopace®mV. To Tapamdved HovTEAD TEPIAAUPAVOLV Kol TOMTIKEG OTIMG M
peioon tov  ekmoundv tov CO, ocvpfotég pe €vav ovykeKpUEVO 6TOYO oTafEPOTOINGNG TOVG
(IPCC, 2013).

Yty mapovoa epyacia, ypnoponomdnkay ta poviédo CanESM2, GFDL-ESM2M, HadGEM2-
ES kot IPSL-CM5A-LR pe Baon ta véa ocevapia exkmopundv RCPs. To CanESM2 eivan éva povtédo
I'Mwov Xvotmjuatog and to Canadian Centre for Climate Modelling and Analysis (CCCma) «ou
amoteleitol omd wkedVo, BOAAGGI0V TAYOoL, ATHLOGEAPIKO, YIVO Kot KOKAOL TOV GvBpaka LoVTEAO.
H opilévtia S1akpttonoinen Tov aTpoc@aipikod TuRpatodc tov sivan 2.81° y.u. ko 2.79° y.m. pe 35
Katokopua enineda (Arora et al., 2011). To GFDL-ESM2M avortoydnke and to National Oceanic
and Atmospheric Administration (NOAA)/Geophysical Fluid Dynamics Laboratory (GFDL) kot
amotelel €va ovlevypévo KApotikd - kOkAov Tov dvBpaxa poviédo IMvov Xvotjuotoc. To
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TOPATAVE® LOVTEAD £XEL OTOGPOIPIKT optlovTia dtokprromoinon 2.5 X 2.0 (y.u. X v.7.) Kol ®KEAVIQ
opilovtia ywpikn dakprroroinon 1.0 X 1.0 (y.u. X y.x.) (Dunne et al., 2013). To HadGEM2-ES and
to Met Office Unified Model (MetUM) amoteAeitan amd atpoo@oipikd, okedvio Kot Boldcoiov
hyov povtélo kobm¢ Kol £vo yvo povtélo to omoio meptlaupdvel T dvvoukn PAdotnon, v
okedvia Proroyia ko v ynueia g otpocearpag (Martin et al., 2011). To HadGEM2-ES £yt
opilovtia atpoo@aiptkny dtakprromoinon 1.875 X 1.25 (y.u. X y.m.) mov oovtal pe mepimov 140 km
oto pecaio yewypagikd mAdtn. To wkedvio tunua &xet oplovrio ympikn dakprronoinon 1.0 x 1.0,
pe v dtakprronoinon og y.7. vo avéaverat amd 30 N/S ota 0.33 otov ionuepwvo. To IPSL-CM5A-
LR ompovpynbnke and to Institute Pierre Simon Laplace (IPSL) kot mepthapfdvel Tov kOKAO TOV
dvBpaka, TV ymueio g TPOTOGEOPAG KOL TNG OTPATOCPOIPOS KAODG Kol Lo TEPLEKTIKN
avomopdotacn TV owwpovpeveav copatdiov (Dufresne, 2013). To povtédo IPSL-CM5A-LR éyet
aTHOCEAPIKT oplovTIo Y®PIKN dtakpttomoinon 3.75 y.u. kou 1.89 y.x..

2.4 Yrofifaocpnoc pne ) yevviprpro kapov ClimGen

Ta KAMpoTiKd HoVTEAD eve PTOpoVV Vo TPOGOUOUDGOVY IKOVOTOMTIKA TO TOYKOGHIO KA{Ipo
ATOTLYXAVOLV OTNV TEPLYPAPT TOV TOTIKOV KAILOTOG G€ YMPIKN Kot ypovikn KAipoka (Prudhomme
et al., 2002) kabmdg 1 Y®PIKN TOVG SLOKPLTOTOINCT Eival TOAD YOUUNAT VIO HEAETEC EMTTOCEDV TG
KMpotikng oAdayns. T v emiAvon tov TPoPANUATOC TOV  OOVVOUIDV TOV  HOVIEA®V
avartoyOnkav ot péBodot vroPiPacpov kiipaxag (Downscaling Methods), o1 onoiec amotelobhv o
petapaon amd ™ peydAn kiipoka tov ESMS oe pikpdtepn tomikn kKApoka yio tTnv eKTipnon tov
EMMTAOCE®V TNG oAAOYNS Tov KApotog. To oToxaoTikd HOvTEAD To. ool oPdyovy GUVOETIKEG
GEWPEG UETEMPOAOYIKAOV UETOPANTOV 0O 10TOPIKA dedouéva, €ivor 1010iTEPA ONUOVTIKG YioL TNV
avAAVOT YEOPYIK®V, DOPOLOYIKAOV Kol TEPIPAALOVIIKMOV Kol GAA®Y GLUGTNUATOV EEOPTOUEVOV OO
10 KMpa. Ot yevwnrpieg kapov (Weather Generators) amotedodv oTOTIOTIKG LOVTEAQ TO. OO0
YPNOLOTOIOVVTOL Y10 T1] CTOYOCTIKN TPOCOUOIMOT Kol TOPUY®YT GLVOETIKOV GEPOV KAUUTIKOV
TOPAUETPOV 0L OTOIEC SLUTNPOVV TA GTATIGTIKA YOPOUKTNPIOTIKA TNG 1oTopikng oelpdg (Georgiou and
Karpouzos, 2017; Koukouli et al., 2018).

H yevwitpia kopod ClimGen givot £va 6Toyaotikd HOVTELO [E NUEPTGLO YPOVIKO Bpa TO 0moio
TAPAYEL XPOVOCEIPES KAUATIKOV TOPAUETPOV LE TOPOUOLES CTUTIOTIKES WOOTNTES UE OVTEG TOV
otopik®v dedopévov. To ClimGen éyer ddoel KOVOTOMTIKG OTOTEAECUATO OTNV TOPAYMOYN
oLwVOeTIKOV oelpdv Yo Toikihdeg khMpotikéc ovvOnkeg (Stockle and Nelson, 1999) kar €yet
mAgoveKkTNUOTO  €vovtl ALV ueBodwv  vrofifoacpod  kKAMpaxkoag. Xopeove pe T pébodo
vrofipacpod KApokag avtig g Kotnyopiag, agod ANeOnkav to dedopéva Yoo TNV MEPI0O0
avaQOPAg Kot Yyl TIG TEPLOOOVE KAMUATIKNG aAAayg amd Ta Téooepa LoviéAa I'ivov Zvotiuorog,
Yy T HEYIOTN Kol EAdloTn Bepprokpacia, vToAoyicOnKe 1 HeTABOAY TOL EMEPYETUL AVAUESH GTNV
EPL0d0 aVOPOPAS Kat TIG TEPLOOOVE KAUOTIKNG OAAOYNG. TN cuvéxela e Bdomn avth T HeTABOAN,
datapaydnke M 1otopikn cEPd TV dedouévav G mepoyng ueAétg. H Swrtapoaypévn miéov
10TOPIKN GEPA ypnoiporomdnke amd t yevvitpio kaipov GlimGen ywo v mopaywyn cuvOeTiK®OV
GEPDV, 01 OTTOLEC SLOTNPOVV T GTOUTIOTIKA YOUPOUKTNPIOTIKA TNG I0TOPIKNG GEPAS HETE TN daTapain
TOVG KO OTOTVTTAOVOLV T LEALOVTIKT peTafoAn TG Beppokpaciog.
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3. AHOTEAEXEMATA KAI XYZHTHXH

2V mopovoa epyacio £Yve EKTIUNON TOV EMATOCEMV TNG KAMUOTIKNG OAAAYNG oTn UEYIOT
(Tmax) kot ehdytomn Beppoxpocio (Tmin) Yoo Ti¢ KApatikég meptodovg 2041-2060 ko 2081-2100,
oV mepoyn tov Ayiov Mdpa Xoikdwng. Emmpdcobeta peletiniav ol emntdoelg g aAhayng
T0V KAipoTog oto Beppokpactakd e0pog (Trange). ZTovg Iivaxeg 1 kot 2 divovtat ot péceg eToieg
TIéEG ™G UNvIaiag Tmax kot Tyin avTioTolor Kot 1) GLYKPITIKY HETAPOAN TOVS, Y10 TIC TEPLOSOVG
Kapotikng aAdayng 2041-2060 kon 2081-2100 pe Baon to téooepa poviéda ESMS yuo ta oevapia
RCP2.6, RCP4.5 ka1 RCP8.5.

ATO TV avAALGT TOV OTOTEAEGUATOV TPOKVTTEL OTL O1 LEGEC ETNOLEG TILES TNG UNVIOTNG T max KoL
Tmin B avENBOVY KaTd ™ ddpkrela TV Teprodwy 2041-2060 kon 2081-2100 kou yio To Tpio GEVAPLOL
exmounav pe egaipeon 1o poviého GFDL-ESM2M 1o omoio divel peiwon otig TiHég g eAd1otng
Bepuoxpacioc. H peyoardtepn avénon mapatnpeiton pe faon to oevaplo vyniwv ekmopmmv RCP8.5,
N pkpdTepN pe Pdon 1o oevaplo yaunAov ekropnmv RCP2.6 evd 1o RCP4.5 divel evdlapeceg Tuég
avénong. E€aipeon amoterei 1o poviédo IPSL-CM5A-LR yia v mepiodo 2041-2060 10 omoio divet
peyoAvTEPT avENOT TG HEONG €TNOLNG TIUNG TG Unviaiog Tmax e Paon to RCP2.6 og oyxéon pe to
RCP4.5. Metaé&d tov khpatikdv poviédwv, 1o HAdGEM2-ES divel v peyaldtepn avénon evod 1o
GFDL-ESM2M v pukpotepn avénomn e HEylotng kot peimon mg eAdyiotg Beppokpaciog.

Iivokag 1. Méon etioto Tiun tov unviciov péytotoav 0eppuokpactdv (Tma) (°C) (évrovn ypaerh) kat
oLYKPLTIKN HETaBOAN (Kavovikn ypagn), Tov Ayiov Mdua pe Bdaon ta poviéda CanESM2, GFDL-
ESM2M, HadGEM2-ES ka1 IPSL-CM5A-LR yiwa ta ogvépia. RCP2.6, RCP4.5 ka1 RCP8.5 ya Tig
TEPLOO0VG KAATIKNG aAAayng 2041-2060 kon 2081-2100 oe oyxéon pe v mepiodo avapopdc 1981-
2000.

Méon Etijoro Tutj tov Myviaiov Tay kot Zoykpitiki Metafoiaj (°C)

Ay. Movtéia Iepiodoc KMpaTIKng Iepiodog KMpaTikng
Mapog Tijivov arhayng arhayng
i 2041-2060 2081-2100
2votijuarog
1981-2000 RCP2.6 RCP45 RCP85 RCP2.6 RCP45 RCP85
25.26 CanESM2 29.21 29.73 30.12 29.25 30.25 33.68
AT max 3.95 4.47 4.86 3.99 4.99 8.42
GFDL- 27.76 28.40 28.79 27.91 28.31 30.42
ESM2M 2.50 3.14 3.53 2.65 3.05 5.16

HadGEM2-ES  29.70 29.90 30.52 29.64 31.03 34.46

4.44 4.64 5.26 4.38 5.77 9.20
IPSL-CM5A- 29.67 29.41 30.36 29.18 30.61 34.33
LR 441 4.15 5.10 3.92 5.35 9.07
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Iivokag 2. Méon stioto Ty Tov pnviciov ehdyiotov Oeppokpactdv (Tmin) (°C) (Evtovn ypooen)
KOl GUYKPITIKY HETOPOAN (Kovovikh ypaogn), tov Ayiov Mdupa pe PBdon ta poviéAa CanESM2,
GFDL-ESM2M, HadGEM2-ES «ot IPSL-CM5A-LR yia ta cevapio RCP2.6, RCP4.5 ko1 RCP8.5
Y TIg TEPLOO0VE KAHATIKNG aAlayng 2041-2060 ko 2081-2100 o€ oyéon pe v mepiodo avapopdc
1981- 2000.

Méon Etijoro Tyutj tov Myviaiov Ty ka1 Zoykprriky Metafolaj (°C)
Ay. Mapog Movtéla Iepiodoc KMpOTIKNG Iepiodog KMpaTiKGg
Tijivov alhayfg aAlayng
Svomiuaroc 2041-2060 2081-2100
1981-2000 RCP2.6 RCP45 RCP85 RCP2.6 RCP45 RCP85
3.78 CanESM2 411 4.45 5.03 4.24 4.95 7.60
ATmin 0.33 0.67 1.24 0.45 1.16 3.81
GFDL- 2.68 3.21 3.58 2.94 3.04 5.11
ESM2M -1.10 -0.57 -0.21 -0.84 -0.74 1.32
HadGEM2- 4.58 4.69 5.22 4.52 5.83 7.99
ES 0.80 0.91 1.44 0.74 2.05 4.21
IPSL-CM5A- 4.04 4.40 5.21 4.06 5.25 7.99
LR 0.26 0.62 1.43 0.28 1.47 4.21

H abénon mg péyrotmg ko eldyiotng Beppokpaciog avapévetal vo elvol peyoAdtepn Kotd to
ého¢ (2081-2100) oe oyéon pe ta péoa tov 21°° cdvo (2041-2060) yio tmv mAelovoTnTo TOV
neputoewv. H mpocopoimon g péong etotag Tipng tov pnviedov Tmax Kot Tmin ond 10 RCP8.5
epnpaviCer Tic peyoAddtepeg TWEG avENONG HETAED TV OVO TEPLOO®V KAATIKNAG oAAayng. To
Tapomave oesiletar 6to yeyovog 6t to RCP4.5 eivan éva evdidpeco cevdplo otabepomnoinong oto
01010 Ol EKTOUTES TV aepimv POavouv Tig péytoteg Tipég katd to 2040 ko otabepomotovvton petd
10 2100 gvdd 610 RCP8.5 o1 ekmoumég cuveyiCovv va avédvovtor katd ) didpkeia tov 21°7 adva.
Ocov apopd to cevaplo RCP2.6 o1 dtapopéc otig petaforég g Beppoxkpaciog ota pé€ca Kot 6TO
téhog Tov 21°" audva Ba givan pukpdtepec. Ot pikpoOTEPEG dlopopég otnv avénon tng Beppokpaciog
petalh Tov 000 TEPLOOWV KAILATIKNG OAANYNG OQEIAOVTOL OTIG YOUNAEG EKTTOUTES TOV OEPIOV Ol
omoieg mdvovv v peEyot Tun tovg 1o 2010-2020 kot ot cvvéyela petwvovtot £mg to 2100.

To oevapro yopniwv exkmoundv RCP2.6 divel avénom g pnéong €motog Ting e Unviedog Tmax
petald 2.50°C ko 4.44°C xotd ™ Sidpketa Tov 2041-2060 kon omd 2.65°C émc 4.38°C katd 0
2081-2100, ooppova pe tao ESMs GFDL-ESM2M and HadGEM2-ES, avtictoyo. H avouevouevn
aENon S Tmax e Péon To evdidpeco oevaplo RCP4.5 Oa sivon amd 3.14°C (GFDL-ESM2M) £wg
4.64°C (HadGEM2-ES) xot omé 3.05°C (GFDL-ESM2M) énc 5.77°C (HadGEMZ2-ES) yia Tig
neprodovg 2041-2060 kou 2081-2100, avtictoryo. XOU@®VO HE TO GEVAPLO LYNADV EKTOUTOV
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RCP8.5, 1 Tmax 0a avéndei katd 3.53°C (GFDL-ESM2M) éw¢ 5.26°C (HadGEM2-ES) yia v
nepiodo 2041-2060 kot katé 5.16°C (GFDL-ESM2M) éw¢ 9.20°C (HadGEM2-ES) yia 1o 2081-2100
o€ oyéomn pe v mepiodo avagopag 1981-2000.

Ocov agopd ™ péon etota Tiun g unvieioag Tmin, M avapevopevn avénon e faon 1o cevaplo
younAov exmoundv RCP2.6 Oa eivar omd 0.26°C émc 0.80°C xotd ) Sidpketa Tov 2041-2060 ko
amd 0.28°C émg 0.74°C xotd 1o 2081-2100, cdpeova pe to IPSL-CM5A-LR o HadGEM2-
ES,avtictoro. Me Béon 1o evdidpeso oevdpio RCP4.5 1 Trin avopévetar va ovéndet omd 0.62°C
(IPSL-CM5A-LR) £wg 0.91°C (HadGEM2-ES) kat amd 1.16°C (CanESM2) éwg 2.05°C (HadGEM2-
ES) vy tig xhpotiég meprodovg 2041-2060 ko 2081-2100, avtictorya. To oevépio vynidv
ekmounv RCP8.5, mpoPAiémet ovénon e ehdyiotne Oeppokpacioc katd 1.24°C (CanESM2) éwc
1.44°C (HadGEM2-ES) yio. v mepiodo 2041-2060 kot kotd 1.32°C (GFDL-ESM2M) én¢ 4.21°C
(HadGEM2-ES kot IPSL-CM5A-LR) yia to 2081-2100. To povtého GFDL-ESM2M bivel peioon
oTIG TWESG TS Tmin ME TN HeyoADTEPN peimon tov 1.10°C va mapatnpsiton pe Paon 10 ceviplo
RCP2.6 kotd to 2041-2060.

Mivakog 3. Méon etota Tiun Tov nuepfiotov Oeppokpactaxod e0povs (Trange “C) (viovn ypaen)
KOl GLUYKPLTIKN LETOPOATN (KOvOViKY Ypapr]),Tov Ayiov Mdaua pe Baon ta poviéda CanESM2,
GFDL-ESM2M, HadGEMZ2-ES ka1 IPSL-CM5A-LR yia ta oevapia RCP2.6, RCP4.5 ka1 RCP8.5
Y TIG TEPLOGOVG KAUOTIKNG aAlayng 2041-2060 ko 2081-2100 og oyéon pe TV mEPIod0 avapopdg

1981-2000.
Méon Etijeia Tuyuij tov Huepijoiov Trange ka1 Zvykpirikti Merafoisj (°C)
Ay. Mapaog Movtéia Iepiodog KMpaTIKNg Iepiodog KMpaTIKNg
Fijvo aArayng aAlayNS
Svetiuaroc 2041-2060 2081-2100
1981-2000 RCP2.6 RCP45 RCP85 RCP2.6 RCP45 RCP8.5
7.53 CanESM2 8.65 8.55 8.48 8.48 8.61 8.82
AT range 1.12 1.03 0.95 0.95 1.09 1.29
GFDL- 8.54 8.63 8.75 8.41 8.59 8.75
ESM2M 1.01 111 1.22 0.88 1.07 1.22
HadGEM2- 8.57 8.64 8.59 8.53 8.71 9.30
ES 1.04 111 1.06 1.01 1.19 1.78
IPSL-CM5A.- 8.97 8.35 8.53 8.27 8.74 9.54
LR 1.45 0.82 1.00 0.74 1.21 2.01
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Onw¢ mpoxvntel and tov [livaxka 3, otov omoio divovion o1 HEGEC ETNGIEC TYES TOL MUEPTIGLOL
Beppokpactakod €0povg (Trange) TOL Ayiov Mdpa, To Beppokpaciokd evpog avapévetor vo avéndet
Y TIG TEPLOS0VG KAMpaTkng oddayng 2041-2060 ko 2081-2100 pe Bdon ta t€60Ep0 LOVTEAL KO
yw ta Tpion oevapla ekmoundv. H peyoddtepn avénon mopotnpeitol cOUPOVE HE TO GEVAPLO
RCP8.5, n wmkpdtepn pe Paon to RCP2.6 eved to RCP4.5 divel evordueceg tipég avénong xotd v
nepiodo 2081-2100. H mapoamdve avénomn avapéveton yioo Ty tepiodo KMPAtikng aiiayng 2041-
2060 povo pe Paon 1o poviého GFDL-ESM2M. H peyoddtepn avénon tov Trange koatd 2.01°C
dtvetan ovppwva pe 1o poviédo IPSL-CMS5A-LR ywa to oevipio RCP8.5 katd v mepiodo 2081-
2100 evéd 1 paxpdtepn katd 0.74°C pe Baon 1o mopombve poviého yia 1o cevépro RCP2.6 katd v
{01 wepiodo.

210 Zynuo 2 mopovstaleTol N SIKOULOVOT TG LEONG ETHGLOG TIUNG: o) TG UNviaiag Tmax, B) ™
punviaiog Tmin Kot y) TOL NUEPNOLOV Trange € HOPEN Onroypappdtov (box plots) yio tig meptddovg
2041-2060 wxou 2081-2100 oe oyéon pe v mepiodo avaPOPAS OO TPOEKLYOV OO TO LOVTEA
CanESM2, GFDL-ESM2M, HadGEM2-ES ka1 IPSL-CM5A-LR yio ta cevipia RCP2.6, RCP4.5
kot RCP8.5. Ta Onxoypdupate amotelodv T YPOEIKY] ATEIKOVION TNG KOTAVOUNG TOV OEG0UEVOV
omov kabe Inoypappa aviposmnedel o 50% TV pecoimv TIHOY ONANOT avTdV oL PpicKovot
petalh Tov Ave Kot KAT® TETAPTNLOPIOL.

H adénon g Tmax kot 100 Trange COUQ@OVE pE TO TEGOEPO KALOTIKG HOVTEAD EVOL ERLQOVIG
kaBdg ot dudpecor TV Onkoypappdtov Eovv Betikég Tég. Ocov aeopd TV eAdylotn
Bepurokpocio, ot didpecol tv OnKoypappdtov &govv Betikég Twég yio ta povtéda CanESM2,
HadGEM2-ES «ot IPSL-CM5A-LR evd 10 GFDL-ESM2M diver peioon g Amd 10 Zynua
TPOKVTTEL OTL Ol SIAUEGOL GLUTITTOVV LE TO LEGO OPO Kot O d1dpesog kaOe OnoypapaTog eivat 61N
HEOM YEYOVOG TOL VTOJEIKVVEL OTL 1] KOTOVOUN €ivol CUUUETPIKY] 0€ OAeC TIG Tepmtdoels. Ta
Onroypaupata £xovv TaPOUoto VPO TIUMV TOCO Yo TN UEYLOTN Kot EAdLoTn Beppokpacio 0G0 Kot
vy 10 Beprokpactakd Hpog. Amd TV avOALGN TOV ONKOYPOUUATOV TPOKOMTEL OTL TO OVGUEVEG
oevaplo RCP8.5 &yet vynAotepeg péyioteg Kon PECES TIUEG 6€ oyéon pe to Mo cevaplo RCP2.6 ko
Y T 000 TEPLOSOLE HE PAom Kol TO TECOEPN HOVTEAN TOV YPNGLUOTOMONKAY, YEYOVOS TOL
vrodewkvoel 6Tt o RCP8.5 poPAréner peyardtepn avénomn e Tmax Kot Tmin. YynAotepeg péyioteg
Kot HEGEG TIEG TOV Trange Otvovion copemva pe o RCP8.5 oe oyéon pe 1o RCP2.6 ywa v mepiodo
KMpoatikng aAdayng 2081-2100. H vymAdtepn péylotn kot pHéon T TG HEYIOTNG Kol EAAYIOTNG
Oepuokpaciog Topatnpeitar oty mepintwon tov poviéhov HadGEM2-ES evd 1 yaunAdtepn ue
Bdon to GFDL-ESM2M t6c0 Y10 T0. péca 660 kat yio to éAog tov 21°° aidva. Ocov agopd o
Bepuoxpaciokd 0poc, N vYMAGTEPN HEYIOTN Ko péon Tiun divetar and to povtéro IPSL-CM5A-LR
cOUPOVO, LE TO 6eVAPL0 LYNAGDVY ekmopntdv RCP8.5 yia 1o téhog Tov 21 audva.

Ocov agopd v &&éMén g uéong péylotng kol eAdyloTNg Oeppokpaciog Kot Tov
BepLOKPOCIOKOD EDPOVG OVEL UAVA Y1aL TIG LEALOVTIKEG TEPLOOOVE, TO AMOTEAECUATO TALPOLGLALOVTAL
ypnoonowdvtag «heatmaps» mov givatl 1 Tapovciact TV SESOUEVOV GE HOPPT| EVOG XAPTN GTOV
01010 Ol TIHEG TOVG OVTITPOCMTEVOVTOL OO YPOUOTO. XTO Zyfua 3 dtvetan 1 e£EMEN ™G HEONS T max,
Tmin K0 Trange avé piva pe Baon ta povtéha CanESM2, GFDL-ESM2M, HadGEM2-ES «ot IPSL-
CM5A-LR yia ta oevdpia a) RCP2.6 B) RCP4.5 kot v) RCP8.5 v tig mepidoovg 2041-2060 wa
2081-2100 og oyéon pe Vv mepiodo avapopds.
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a) Avoxkvpaven Méong Etiowag Tyung tov Mnviaiov T pax

Mepiodog KAipamikhig Ahhayng 2041-2060 Mepiodog KAipomikig AAAayng 2081-2100
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v) Avwxdpaven Méong Emiorag Twpfg Tov Hpepnowov Trange
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Yyfqua 2. Onkoypaupoato (box plots) g dwokduaveng g pHéong €TNOLNG TIWNG: o) TG unviaiog
Tmax, B) ™G punviaiag Tmin Kot y) TOL MUEPNOLOV Trange TOL Aylov Mdpo pe Bdon ta poviéia
CanESM2, GFDL-ESM2M, HadGEM2-ES ka1 IPSL-CM5A-LR yio ta cevipia RCP2.6, RCP4.5

kot RCP8.5 v tig mepiddovg 2041-2060 kon 2081-2100 o€ oyéon pe v mepiodo avagopdg 1981-
2000.

Y10 mapaxkdto Iynue 3, ta heatmaps amotelodvial omd SPOoPeTIKEG YPMUOTIKEG dafabuioetg
OOV 01 KOKKIVEG OOYPADOGELS VTOJEIKVOOVY avénon g Bepprokpaciog evad ot YoAdlleg pikpdtepn
avénon (avorytés amoypdoelg) N Helmon TG (OCKOLPOYPOUES OTOYPMCEL) GTNV TEPIMTOON TNG

484

11° MaveMAvio ZuvESpPLo MTEwPYLKAC MNXOVLKAG
BoAoc 2019



ENOTHTA 6 - MEPIBAAAON

erdyiotng Bepuokpaciog. Amd v avdivon tov heatmaps mpoxdmtel 6Tt KoTd TN SIGPKED TOV
€A0Vg ToL 217 audvo LVIEAPYEL BTNV TAEOYNEIN TOV TEPITTOCEOV UeyoldTEPT aOENGT TG HEGTS
Tmax kKot Tin avé pfve oe oxéon pe ta péoa tov 217 awdva, yeyovog mov @aivetol amnd To
HEYOADTEPO aPOUO €iTE TO OKOVPWV KOKKIV®DV Omoyphoemv (peyaidtepn avénomn Oeppokpaciog)
EVOVTL TOV OVOLYTOYPOUMV GTNV TPAOTN TEPITTOGCN 1) TLO OVOLYTOYPDOUMOV OTOYPDCEDYV TOV UTAE.

a) Xevapro Exmopnaov RCP2.6

EZENIEN MéaNG Tppa avd Mijvar (°C) EZEMEN MEang Ty, vt Miva (°C) E&ENIEN METOU Tppge OV Miver (°C)

B) Zevapro Exmopndv RCP4.5

EZEMEN Méong Tpq, avi Mijva °C) EEEMEN Méong Ty, Qv Mijva (°C) EEENIEN METOU Trange OV Miiver (°C)

% N 2 y oy
w&ﬁ E}%h q“‘% i t‘%‘, ‘%%“ ‘ah( W[““« 4%‘
3 . : 5 g .
uy , 3

v) Xevapro Exroprtov RCP8.5

EZENIEN MEaNC Tpay avé Mijver (°C) EEENEN MEang Ty, Qv Mive (°C) EEENIEN METOU Trpge OV Miver (°C)

Yympa 3. E&MEN oe popen heatmaps g péong péyomg OBeppokpoaciog (Tmax), €AO(LOTNG
Beppokpaciog (Tmin), Kot Tov Beppokpactakod e0povs (Trange) TOL Ayiov Mépa avé piva, pe Paon
to. povtého CanESM2, GFDL-ESM2M, HadGEM2-ES «oi1 IPSL-CM5A-LR yi T cevaplo o)
RCP2.6 B) RCP4.5 kot y) RCP8.5 yw tig mepiodovg 2041-2060 ko 2081-2100 oe oyéon pe v
nepiodo avapopdg 1981-2000.
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Meyalvtepo €0pog otV KAMpOKO TU®V Tapotnpeitar pe PAon T0 SVOUEVES GEVAPLO EKTOUTMV
RCP8.5, vrodeikvbovtag 0Tl TO TOPATAVED GEVAPLO OIVEL TIC LEYOADTEPES TIUES aOENONG TS HEONMG
Timax Kot Trin avé pivol petaéd tmv tprédv oevapiov. H klipoka Tipdv ¢0dvet éog v Ty tov 13°C
660V 0popd ™V péoT Tmax ové piver ko Ty Tipf Tov 7°C yioo v péon Tmin ové pive. Amo Ta
heatmaps mpokimtel 60TL 6NV TTEPITT®ON TG EAAYIOTNG Oeprokpaciog avapévetal Kol Heiwon tne.
MeydAn avodoc g péyotng Bepprokpaciog avauévetol katd Tov AVYovsTo Kot TG EAAYLOTNG KaTd
Toug Bepivovg unveg Iovvio kot IovAto Kot amd Tovg xeyepvovg Tov lavovdplo. And v avéivon
Tov heatmaps mpokOmtel 6Tt pHeyoAVTEPN AOENON TOV HEGOV Trange OVEL pMvo ovOpEVETOL KATE TO
2081-2100 oe oyéon pe 10 2041-2060 ocdpewva pe 10 cevaplo RCP8.5. Zmmv mepintwon tov
povtédov IPSL-CM5A-LR copgpwva pe 10 oevdplo vyniov ekroundv RCP8.5 katd to téhog Tov
21° audva eTkpaToHV HOVO KOKKIVEG AOYPAOGELS YEYOVOG TOV LITOSEIKVOEL TNV peyolhTepn adEnon
UETOED OAMV TOV TEPUTTDOCEWDV.

4. XYMIIEPAXMATA

2V mopovoa epyacio peAetONKe 1 MIOPAO TNG KAMUATIKNG OAAOYNG OTNV HECT] ETNCLOL TIUN
g punviadog PEYIOTS Tmax Kot eAdytotng Beppokpaciog Tmin KaODS Kol oTn HECT €THGLO T TOV
nuepnolov Beppokpactokod eVPovg Trange, GTNV TEPLOYXN TOL Ayiov Mdpo XoAKOwkng yo to LEGa
Kot to téhog tov 21%” awdva. T v enitevén tov mapomdved otdyov, AEONKay dedopéva and
técoepa. Movtéla IMwvov Xvotquatog (ESMs) CanESM2, GFDL-ESM2M, HadGEM2-ES kot
IPSL-CM5A-LR cOppova pe to emkaipormompéva cevapilo kKapoatikng adlayng RCP2.6, RCP4.5
kot RCP8.5 ypnoyonoidvtag wg mepiodo avapopdg to 1981-2000. O mpocopoidoelg and to ESMs
VIOSEKVOOLV OTL N HEST €TNGLOL T TG UNVICTOG Tmax Kot Tmin KaODS Kot 1 péor €To10L TN TOV
NUEPNGLOV T range OvapéveTar va ovéEnBovv 6to péAdov pe t peyaldtepn adénon vo topotnpeitot pe
Bdon 10 oevaplo vyniov exmoundv RCP8.5S kot m pukpodtepn pe Pdon 10 cevaplo youniov
exmouncdv RCP2.6. Ot avapevopeveg pHetaforéc ™ Tmax Kot Trmin Oa etvon peyoddtepeg katd v
nepiodo 2081-2100 oe oyéon pe v mepiodo 2041-2060 oy TAEOVOTNTA TOV TEPMTMOCEMV.
Meta&d TV 1E66GpOV KMUATIKOV HOVTEA®Y Tov ypnotporotdnkay, to HadGEM2-ES divel tv
peyaAvtepn avénon evd 1o GFDL-ESM2M v pkpdtepn adénon g péylomg kot peioon g
elyrotng Oeppokpacioc. To mapamdve VTOSEKVVEL TNV avayKodtTnTo TG XPNong evog aptBpon
KMUOTIKOV HOVTEAWDV TN HEAETN TG ALY TOV KAIHOTOC e okomd v avénon g adlomoTtiog
TV mpocopotmcewv. Ocov agopd v e£EMEN g néong Beppokpaciog ava piva, HEYOADTEPT
Gvodog avapévetor vo, onuelmBel katd Tov AVyovsTto Yoo TV Tmax, TOVG unveg Iovvio, Tovio kot
Iovovdpro yio TV Tmin VO Y10 TO Trange kaTé TOVG PHveS IovA0 Ko DePpovdpro.
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ABSTRACT

The European Commission defines “Nature Based Solutions (NBS) to societal challenges” as
solutions that are inspired and supported by nature, are cost-effective, provide environmental, social
and economic benefits and help build resilience. (EC, 2016). The concept of NBS has been adopted
in the research programme HORIZON 2020 (EC, 2015), as well as in the OPERANDUM principles,
aiming to provide science-based evidence for the usability of NBS, ranging from local to landscape
scales, and foster the market opportunities, upscaling and replicating in Europe and Worldwide. NBS
is a complex process of nature that requires a range of methods and tools aligned with all possible
procedures such as co-design, implementation, evaluation and monitoring, policies and regulations.
Keywords: NBS, Climate Change, Hydro-Meteorological Risk, Co-Design

MIA OAIXTIKH IMPOXEITIZH TON OYZIKQN AYZEQN Q¥ MEXO
I[TPOZAPMOI'HEX KAI METPIAXMOY TQN KINAYNQN THX KAIMATIKHX
AAAATHZ: H IIEPIIITQXH TOY XIIEPXEIOY

M. Ztepavomovrov’, A. Maykae’, H.I'. Aroctodridov’, X. Zavpov’®, M. Aodrmng”
"Innovative Technologies Centre (ITC) S.A., Akkétov 25, 11633 A6yva, EAAGSa,
http://www.itcnet.gr, e-mail: maria.stefanopoulou@itcnet.gr
*Tunna Tewypagiog Xapokdneto [aver. Adnvav, EL. Bevitéhov 70, 17671, ABiva, EXAada
"E6vixo ko Kamodiotproxd Moavemotimo Adnvav, 34400 Woyvé, EAAGSa, http://www.uoa.gr

HHEPIAHYH

H Evponraiky Emtpomn opiler wg «Duvowéc ADGE, TPOCAVATOMGUEVES OTIS KOWMVIKESG
TPOKANGEISY, TIG AGELS TOL gumvEovTol Kot vtoatnpilovtal amd T eHon, ol 0Toieg elval OlKoVOKA
ATOO0TIKES, TOPEXOVV TEPPUAAOVTIKE, KOWVMVIKAE KOl OIKOVOLKA 0QEAT Kot emmA£ov Bonbovv oty
owkodoounon oavlektikotnroc. (EC, 2016). H évvown tov dvowodv Avcewv evoouatmdnke oto
gpeuvnTikd mpoypappe HORIZON 2020 (EC, 2015), 6mwg emiong kou omv @uAoco@io. Tov
OPERANDUM, pe 6t0)0 TNV TOPOYN ETICTNUOVIKNG YVOONG Tov B evduvaumacel T ypnion Tov
duokdv AVoewV, amd TO TOTIKO £MG UEYUAVTEPTG KAILOKAG TOTO, TNV TPo®ONoN VEOV EVKAIPLOV
oTNV oyopd Kot TV avodduion Ko avarapoymyr toug oty Evpdnn ko maykoopiong. Ot uoikég
Avoeig (NBS) eivon pior o0vBetn dwadikacio n omoio pipeiton tm @OOT Kot omottel puo cepd and
puefddovg Kot epyoireion evBvypapoUEVE e OAEG TIG S1UOIKOGIEG OTMG TOV OO KOWOU GYESUGUO,
NV vAomoino, aSloAdynon Kot TNV TapakolovoNnon, Tig ToAMTIKEG Kot T vopobeasia.
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A&Eg1g KAeWO1d: Duoikég Avoelg, Khpatikr AAdayr|, Atokivobvevon, ATd Kotvol oxedlocrog

1. INTRODUCTION

Extreme hydro-meteorological events such as heavy rainfall, flooding, drought, storm surge,
leaching of suspended solids and nutrients have high negative impacts on ecosystems and man-
made infrastructures in Europe and worldwide. The frequency of these events is expected to
increase in the future due to climate and land use changes, and to further increase the risk of
negative impacts. The employment of Nature Based Solutions -NBS- can be used to mitigate the
risk of these hydro-meteorological phenomena. The concept of NBS was introduced towards the
end of the 2000s by the World Bank (MacKinnon et al., 2008) and International Union for
Conservation of Nature (IUCN, 2009) to focus on the importance of biodiversity conservation for
climate change mitigation and adaptation.

NBS is a complex process of nature that requires a range of methods and tools aligned with all
possible procedures such as design, co-design, implementation, evaluation and monitoring,
policies and regulations. Nowadays, an increasing number of NBS projects are being implemented
across Europe (EU) and worldwide. The European Commission adopted the concept of NBS for its
research programme HORIZON 2020 (EC, 2015) with a defined focus mainly on urban areas. The
ambition of OPERANDUM EU (HORIZON 2020) is to provide science-based evidence for the
usability of NBS focused on rural areas. Ranging from local to landscape scales, fostering the market
opportunities, upscaling and replicating in Europe and other non-European territories,
OPERANDUM EU —project fosters a set of co-designed, co- developed, co-deployed, tested and
demonstrated innovative NBS for the mitigation of the impacts of extreme weather events. In this
paper, the NBS concept will be presented as a holistic approach, which can be used as means to
mitigate climate change induced risks and the demanding process needed for the co- design of set
up of the potential NBS at the OAL Greece in Spercheios River, will be reported.

2. NBS CONCEPT AND PROCESS AS A MEANS TO MITIGATE AND
ADAPT TO SEVERE HYDROMETEOROLOGICAL RISK

NBS has broad definition, constituents and scope, with a broad view on nature and an emphasis
on participatory processes in creation and management (Pauleit et al., 2017). Cohen-Shacham et al.
(2016) described NBS as an umbrella concept that covers a whole range of ecosystem-related
approaches, all of which address societal challenges.

c kar POV &
wffectivoness, finance, job

opportunities

link to SDMGs
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Fig. 1: Schematic overview of multi benefit impacts of NBS for hydro/meteorological risk
management

A great range of definitions can be found in the literature. For example, IUCN defines nature-
based solutions (NBS) as “actions to protect, sustainably manage and restore natural or modified
ecosystems, which address societal challenges (e.g., climate change, food and water security or
natural hazards) effectively and adaptively, while simultaneously providing human well-being and
biodiversity benefits.” (Cohen-Shacham et al. 2016). The European Commission understands: “...
nature-based solutions to societal challenges as solutions that are inspired and supported by nature,
which are cost-effective, provide environmental, social and economic benefits and help build
resilience. (European Commission, 2016, p. 1). This means that apart from the human (socio-
economic) or technical system around the problem, the ecological one should also been considered.
As the concept of NBS is defined in many ways, there is confusion, overlapping and partly
complement among the definitions; although these relationships are seldom acknowledged explicitly
(EC, 2015). However, the availability of many ways to frame and define the concept is not
necessarily problematic, as long as each case is explicit in its rationale for particular interpretation of
NBS (Nesshover et al., 2017).

NBS is a complex process of nature that requires a range of methods and tools aligned with all
possible procedures such as design, co-design, implementation, evaluation and monitoring,
policies and regulations. Thus, in order to set up the implementation of NBS, the research teams
have to follow a co-creation process, which combines generative or exploratory research with
development design. Co- creation includes four phases:

Co-design: Co-creation starts with co-design, a process where the problem and the target area are
identified as well as the stakeholders, their aspirations, shared values or common interests and
aims regarding the project and the target area.

Co-development: In this phase, by using the variety of the expertise and knowledge of the group,
potential solutions for the problem are jointly developed, with the help of some research if needed.

Co-deployment: In this phase, the solutions are implemented.

Monitoring: Monitoring is an essential part of the co-creation. It can focus on the
outputs/outcomes of the processes (NBS) as well as the process itself. It shapes the way the process is
structured and resourced, ensuring that it is reflective and adaptive as much as it is generative.
Monitoring and associated assessment is also an important element for learning.

The Co- creation process helps the definition of the problem by considering different
perspectives and knowledge. Experts from various sectors (diversity of knowledge) engage
stakeholders (any person or group who influences or is influenced by the project) to work
together(collaborate) throughout all the stages of the life cycle of the project, in a planned and
conscious form.

3. SETTING UP NBS AT OPEN AIR LABORATORY: THE CASE STUDY OF OAL
GREECE SPERCHIOS RIVER
3.1 The current hydro- meteorological and socio- economic status

Spercheios River Basin which is located in the Region of East Central Greece, has a length of

82 kilometers, an average annual runoff of 0,703 km3 and is the main feeder of Maliakos Gulf
(Skoulikidis, 2009). The steep slopes, which are present within approximately 2/3 of the total length
of the river course, form a rather mountainous topography (streamy with crucial flooding peaks
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and very intense sediment yield). Only in the downstream part of Sperchios course, the topography

gradually changes into a lowland relief, with an extent at the river mouth of 1830 kmZ2. In the last
third of the route, Spercheios changes in a lowland river and crosses low areas that are often
flooded (Gounaris, 2012). Spercheios has a mean annual water discharge of 62 md/s, varying
between 110 m?/s in January and 22 m3/s in August (Therianos, 1974). Furthermore, the total

annual sediment load of the River Sperchios has been estimated to be in excess of 1.5 x 106
tonnes/year (Poulos et al., 1997). It is estimated that the total annual loss is 2,850,000 t/y, while the

total annual quantity of sediment that arrives in Spercheios delta is of 1,140,080 m3 (Gounaris,
2012).

The hydro-meteorological and socio-economic indicators below provide background and
reference values for understanding the hazards related to extreme hydro- meteorological conditions
at the OAL GR.

. Location in climatic zones and biogeographical regions
According to Kdppen-Geiger climate classification for observed 1976-2000 period, the OAL-
Greece (Csa) has warm temperate climate with dry hot summers. Similarly, the western tip of the
OAL-Greece belongs to the Csb region. The location of the OAL Greece to the European
biogeographical is in Mediterranean region

I E7 Potar potar tundra

EF Palar polar frost
¥
I 0sc Snow summar dry cool summer -
B Dsb Snow summer dry warm summer ry
I s Srow summer diy hot surmer e

Alpine
P Anatolian
Arctic
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I Ot Snow fully humid cool summer
I O Snow fully humsd warm summer Black Sea
B ta Snow fulty humsd hot summer B Boreal
Csb Warm temperate summer dry Warnm summes
I <= Warm temperate summer dry hat summer

Continental

- Mediterranear
Cfe Warm temperate fully humid cool summer e

I Pannonian
G Warm temperate fully humid warm summer

. o Steppic
o S W o warm temperate futly humid hot summer K
] - B3h And sleppe hot and o
oo

B5k And steppe cold and

BWh Asid desert hot arid
B\Wk Arid desart cold arid

Fig2. Modified from:'i.?ubel and Kottek (2010). Fig3. Figure modified by using information
of the European Environment Agency 2016

o Current climate at OALs
The climate of Maliakos Gulf and its surrounding area is a typical Mediterranean climate, with
dry periods in summer and early autumn and precipitation mainly in winter and spring.
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Fig. 5. Mean total annual, growing season and dormant season precipitation at the
OALs. The bars indicate minimum and maximum total annual precipitation.
(Deliverable D4.2, OPERANDUM 2019)
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Fig. 6. The mean climatic water balance and the percentage of evapotranspiration out of
precipitation at the OAL GR(Deliverable D4.2, OPERANDUM 2019)

" The predominant wind components are mostly
1.5mis from the east and west, following the localized
east-west trend of the Spercheios valley.
Average wind speeds are 1-2,5 m/s for the
= westerly winds and 2,5-4,5 m/s for those from
the east (Poulos et al., 1997a).
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Fig. 7. Mean wind speed, frequency of calm winds < 0.5 m/s, and frequency of different wind
speeds by direction at the OAL GR (Deliverable D4.2, OPERANDUM 2019)

3.2  Socio-economic status including land use

Land cover and land use are essential for our human life and socio-economic welfare. Both are
affected by current and future hydro-meteorological hazards. The current socio- economic
structure of the OAL GR is characterized by the following indicator.

. Area and land cover
In the OAL-Greece forests and semi-natural areas are the main land cover type and their proportion
is higher than the average European cover. at the OAL- Greece the state owns two thirds of the land.
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Fig. 9. The land area of the OALSs. Fig.10. Proportions of different land cover

types at the OAL GR according to CORINE.

o Transportation channels
In the OAL-Greece, roads exposed to hazards comprise <20% of all roads

o Number of Inhabitants
In the OAL-Greece less than 20% of the inhabitants are exposed to the hydro-meteorological
hazards. It is important to mention that according to the information gathered from the OALs,

hazards have an impact on the feelings of security and on the social relationships of the people
living at the OALSs

. Life of people

Agriculture is the most important means of livelihood in the OAL-Greece even though the
forests and semi-natural areas cover larger land area than agricultural areas in those OALS. Services
and administration are the second important means of livelihood in the area. Fishery is among the
means of the livelihood in the OAL-Greece, although it is not highly important. Finally, recreation
and tourism are important too. These activities are mostly related to activities taking place in
nature. As a result, recreation and tourism may be affected by the hydro-meteorological hazards.
There are different kinds of nature conservation areas and cultural heritage sites, probably used for

recreation and tourism, which are exposed to hazards. In the OAL-Greece the proportion of nature
conservation areas exposed to hazards is 23%.
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Fig. 11. Total number of inhabitants and the Fig. 12. The area of nature conservation
number of inhabitants exposed to hazards at the areas exposed to hazards at the OALSs.
OALs. (Deliverable D4.2, OPERANDUM (Deliverable D4.2, OPERANDUM

2019) 2019)
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3.3 The Current Hydro-Meteorological Hazards and primary risk assessment

The two main hydro-meteorological hazards that OAL Greece identified in the specific area are
floods and droughts. In the context of OPERANDUM, the conceptual framework for vulnerability
and risk assessment of Socio Economic System was preliminarily developed through review of
existing vulnerability and risk assessment frameworks found in scientific literature. Then the
framework was further enhanced incorporating stakeholders’ priority and needs in OALSs which are
obtained through Focus Group Discussion and questionnaire survey (Deliverable D6.2,
OPERANDUM 2019).
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Fig. 13: The impact chain for Sterea Ellada region showing linkage between the hazard, exposure,
vulnerability and risk

3.4 The identification of climatic and socio- economic drivers for future hazards
Comprehensive climate change projections will be modelled for OAL GR based on the
selected IPCC scenarios

. Climatic drivers at the OAL-Greece
As it is mentioned above the OAL-Greece is located in the Mediterranean region, where the air
temperatures are predicted to increase especially during summer and autumn seasons and cause hot
extremes. Precipitation may decrease especially during summer.

. Socio economic drivers at the OAL-Greece

At the OAL-Greece agriculture is the main means of livelihood in the Spercheios River.
Possible reduction of agricultural land may occur in the future due to the determination of the
management measures of Directive 92/43 /EEC and by the protection of water systems zones, used
for water supply. Some indirect pressures on land use are expected due to the restructuring of
agricultural production or the imposition of stricter operating rules in production facilities.
Regarding the transportation infrastructure, no major change is expected. The reduction of flood
events will protect residential and agricultural properties and protect the access roads between the
villages and the main city of the area (Lamia). The sense of safety will improve the relationships in
the local society and will leverage trust between local community and the State, which owns 3/4 of
the land in the OAL area. It will also preserve and enhance the recreational use of the area,
including visits by tourists.
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4, RESULTS: THE POTENTIAL NBS TO BE IMPLEMENTED THROUGH CO-
DESIGN PROCESS

The appropriate NBS solutions to be implemented, have been proposed after following the
process of the co-creation framework designed in the process of OPERANDUM. Through the co-
design process the research team had explored several NBS options, such as retention ponds,
sedimentation ponds, removal of longitudinal barriers, restoration and reconnection of seasonal
stream, stream bed re-naturalization, natural bank stabilization and infiltration trenches to mitigate
the impact of flooding and drought in Spercheios River. The above potential NBS solutions have
been assessed as it is essential for the pilot project to demonstrate the effectiveness of NBS and
the positive outcomes of any cost benefit analysis

applied to them. Finally, at this stage of the project, the following solutions are proposed:

A. Construction of Flood Storage Reservoirs (FSR) adjacent to the river
The intervention involves the construction of one or more Flood Storage Reservoirs (FSR),

which will be filled with the river water by controlled overtopping along the river during flood
events.

FLOOD STORAGE RESERVOIR SEQUENTIAL SMALL BASINS ADJAGCENT TO THE RIVER BEO

6 - Wakrakami
- sattlamont

1. Kastrl settioment 2. Exleting debrl eone of stream

The location of the intervention should fulfil the following criteria:_

> Wide enough area in order to store a significant water volume.
> Area without vegetation or agricultural use.
> Proximity to the river to avoid connectivity works. Non-permeable ground, to avoid
leakage of the stored water
The advantages of this solution are:

v/ Attenuation of the flooding water volume and gradual release downstream, resulting to
reduction of velocities and smooth routing of the flood waves during severe events.
Lower risk of erosion of the FSR.

Longer life span of the intervention.

Habitat creation in and around the FSR.

Possibility of use for recreational and educational purposes.

Easier installation of water level monitoring systems.

Lower risk of debris deposition and consequently reduction of the storage capacity.

NSNS SN

The hazards associated with this solution are:
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> Deforestation and change of use of agricultural land.
> Reactions from the local inhabitants.
> Higher construction cost.

B. Construction of sequential small basins within the river bed

This intervention will be located within the main river, where sequential small basins will
be created by widening and deepening the bed in several location. These basins will hold the
water until they are full, when it will flow to the next pond.

SEQUENTIAL SMALL BASINS WITHIN THE RIVER BED

SEQUEMTIAL SWALL BASNS WITHN THE RIVER BED

The advantages of this solution are:

v No need for change of use for any of the adjacent land.
v No need for deforestation.
v Depending on the size of the intervention, significant amount of water can be
stored, to be used for irrigation.
v Enrichment of the ground water aquifer.
v/ Reduction of high velocities during flood events.
v/ Lower initial financial cost compared to Solutions A and
C.
The hazards resulting from this solution are the following:

> As no hard structure willbe constructed for this solution, the most upstream pond
will be filled with sediment and debris, especially during winter and floodevents.

> The basins’ banks will not be protected with hard structures and therefore can be
eroded during flood events or by local interventions.

> For the efficient operation of the solution, continuous monitoring and restoration
will be needed.
C. Use of Spercheios’ old river bed
The deepening and widening of the old river bed can increase the stores water volume and
provide water for irrigation throughout summer. Moreover, this solution will provide
enrichments of the ground water levels.

The merits of this solution are:

v No need for change of use for any of the adjacent land.

v/ No need for deforestation.

v/ Depending on the size of the intervention, significant amount of water can be stored, to
be used for irrigation. Enrichment of the ground water aquifer.
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Lower initial financial cost compared to Solution A. The disadvantages are the following:

> Due to the water velocity reduction, there will be increased possibility of sediment and
debris accumulation, especially during flood events. This can change significantly

the spatial distribution of the river and the banks and reduce the intervention storage capacity.

> For the efficient operation of the solution, continuous monitoring and restoration will
be needed. Due to the fixed location of the intervention, which is downstream of the
location of solutions A and B, there is no protection of the upstream areas. Idf this
solution is adopted, there should be extensive study of the hazards that can be caused to
the upstream areas and especially of the possible water level increase due to blockage
of the flow through the intervention.

PROJECT DESCRIPTION

TYPICAL PLOT e 12000
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ﬁ i m
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SECTION - OLD RIVER BED S RvER BED
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5. CONCLUSIONS

A growing body of literature and experience supports NBS effectiveness for adaptation and
mitigation of hydro-meteorological hazards. Climate change is expected to accentuate hydro-
meteorological hazards such as extreme temperature, torrential rains, flooding, droughts, sea
level rise and other hydro- meteorological extremes in term of frequency, intensity and
magnitude (IPCC, 2018).) Conventional risk mitigation measures, based on engineering
structures only, such as dykes, embankments, dams, levees, storm barriers, and sea-walls
amongst others, have not provided adequate risk reduction solutions (Bubeck et al. 2015; Day et
al. 2007; van Wesenbeeck et al. 2014), nor fit easily into long-term sustainability goals. At the
same time, the implementation of purely green infrastructures at the small-scale level for
hydro-meteorological risks management, though offering short and long-term benefits, might
not be sufficient to meet the scale of predicted future hydro-meteorological hazards (Kabisch et
al., 2016). As a best solution, Kabisch et al. (2016)

Nature-based solutions (NBS) have developed in recent years (Bowler et al. 2010; Kabisch
et al. 2016; MacKinnon et al. 2008; Rizvi 2014), showing promising results in terms of risk
reduction especially in urban areas. The OPERANDUM project aims to reduce hydro-
meteorological risks in rural areas through co-designed, co-developed, deployed, tested and
demonstrated innovative green and blue/grey/hybrid NBS, and push business exploitation.
However, the process is still at early stages. Research will be continued in order to
systematically analyse their (long-term) effects, effectiveness for natural hazards (hydro-
meteorological risks) reduction and supplying of co-benefits. Moreover, research will be
conducted to foster the wider uptake of NBS, measuring the effectiveness and how the existing
evidence can be translated into management strategies and when policy instruments are needed.
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EPEYNA IIEAIOY XTHN AIAXEIPIXH EPAPMOI'HX
OYTODPAPMAKQN

A.B. Avayveotémovrog, I'. BLovriog', M-N. Ntukév’
Mav. @socariog, Tuipa Gut. Iapayoynig kot Ayp. Hepipériovioc, Dutoxov, 38446, N. Iovia
[av/po Osoocoriog, Tufpe MXIIIIA, olvteyviky Zyohd, [edio Apemc, 38446, Boroge-mail:
dvanagnosto@yahoo.gr

INEPIAHYH

mv mopovca epyocion £ywve mpoomdbelo EKTIUNONG TNG CLUTEPLPOPAS TOV YEOPYDV OTNV
dlayeipion utoopudKkov otnv guplhtepn meployn Tov Aquov Zoeddwv kot [Talopd. O péoog
Tapoywyog mapovcioce OeTikn otdon oe dladikacieg mov £xel Apeso OQPEAOG VD O GAAEG TTOV
Kodgitan va AdPel pétpa mpootaciog yio To mepPaiiov £0e1&e apKetn adtapopic. XopoKInploTiKa
névo ond to 80% exkteAovoe pe cvvénelo TV Pabpovounon tov YeKaoTKoD kKol SIEDETE AoPOAN
amofnikn. Avtifeta 10 50% dnAmvel OTL Oev ekterel TV TANPOOT TNG SEEAUEVIC GE AGPAAT] LEPOG
eved 10 37% Kot Vv gpappoyn wekalel HExpt TV GKPN TOL 0ypoL OVEEAPTNTA TNG YEITVIOONG LE
voata. Emiong, mpofAnUatiky] eKovo TopoucticTKE KOl 6TV O0YEIPIoT TV VITOAEUUATOV KOODS
TOVAGYIOTOV €vag oTovg Tpeic dev ektehel opbn ko aceaing diayeipion. Télog n nAkio kot M
ekmaidevon eavnke 0Tt Lmopovv va Tai&ovv polo oty PerTion TG KOTACTAONS 0V GLVIVAGTOVV
LE OMOTEG VITOOOUES KOL OPYOVOUEVO GUGTNO EAEYYOV.

AéCeig kAe1did: cOUTEPLPOPEL, YEKAGTIKA, OLOLXEIPLOT), PLTOPAPLLAKOL

FIELD RESEARCH IN MANAGEMENT OF PESTICIDES

D.V. Anagnostopoulos’, G.Vlontzos', M-N. Duquenee®
YUniversity of Thessaly, Department of Crop Production and Rural Environment, Fytoko street,
38446, N. lonia
2University of Thessaly, Department PRD, School of Engineering, Pedion Areos, 38446, \olos, e-
mail: dvanagnosto@yahoo.gr

ABSTRACT

In this paper an attempt was made to assess the behavior of farmers regarding the management of
pesticides in the wider area of the municipalities of Sofades and Palamas (Greece). The average
farmer held a positive stance to procedures that had a direct benefit, whereas seemed indifferent
towards others that included measures of environmental protection. Specifically, over 80% of the
farmers conducted consistently the sprayer calibration and stored safely the packages. On the
contrary, almost 50% admitted not filling the tank in a safe place, while 37% sprays during the
application over the whole field area, disregarding the possible proximity to an aquifer. Moreover,
problematic was also the management of residuals, since one out of three farmers does not work on a
safe and correct management. Both age and level of education seem to play a role in improving the
situation if combined with proper infrastructure and organized control system.

Keywords: farmer behavior, sprayer, management, pesticides
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1. EIZATQIH

Ot xvup1dtepol AOYol aHENoNG TNG QTOJOTIKOTNTAG TMV OYPOTIKOV EKUETOAAEVCEWMV Elvar 1
Jldkacio EKUNYAVIONS TG YEMPYIOG Kol 1 E100YMYN] PLTOTPOCTUTEVTIKOV oKevacudtwv. Ocov
aQOPE TOL PLTOPAPLAKO TO, OPEAN TOL TPOKVTTOLY A0 OVTA EIvol TOAAATAL OTT®G: o) 1 AENCN TNG
Tapoy@ykdéTTag ) N TOPAYOYH ACEOADY, TOWOTIKOV KOl O OVIOY®OVIGTIKOV TPOIOVIOV GTNnV
ayopd Y) M TPOoTOGio TOL avOpOTOV Omd OLVGUEVEIS OPYOUVIGHOVG Ol LOVO HEGH OO TOL OYPOTIKE
TPOToVTa. OAAG Kol pEGO amd eEOVTMON OPICUEVOV TAPIUGITOV eTPAAPOV Yoo TV ONpdcto vyeio
(kovvovmia, Katoopideg) 1| akoOpa Kot Tov EAeyyo airepyldv (xpnomn {illavioktovev). Qotdco meldn
éva vopopo €xet movto 000 OYEIS M €QPOPUOYT PLTOPUPUAK®V £PEPE OVTIOTOL(O OVOAPECTES
EMMTAOCEIS 6TOV AVOPOTO OAAG KOl 0TO €VPLTEPO TEPPAALOV LE KATOLEG ammd OVTEG Vo ivor un
avtioTpentés. Koplot Adyot givar ) vepPoAikn gpnon QLTOPAPUAK®V, N oTeEPIOKEYi0 Kot 1 Ui opon
owyeipion amd T TAELPA TOV TOPAYOYDOV, N KVKAo@opia daitepa emMPAAPOV 0VGIOV KAl 1M
EMAenym petddoong yvoong mpog tov mapoywyo. Emopévag okomdg e mapovcag epyaciog HEca amd
g épevva mediov etvar va extiunBet kor va a&oloynBel 1 ocvumeprpopd Kot 1 yVAOGCN TOL
TOPOy®yoD KOTA TNV SodKacior EQAPUOYNS TOV GLTOPAPHAK®OV Kol Vo, TPOTaBoLv péTpa mov Oa
ovuPdrovv otny opbn drayeipion avtdv.

2. YAIKA KAI MEGOAOI

H épevva mediov oieénydn omdé tov Ampiio g 10 IovAo tov 2017 pe ypfon
EPMTNUATOA0YIOV HECH TPOSMOTIKNG cLVEVTEVENG og 150 mapaywyods pe epOTAGES TOGO OVOLYTOL
000 KOl KAEWOTOL TOMOL.MEGa Omd TIG €PMTNGES AQUPAvovTal ONUOYPUPIKES TANPOPOPIES,
TANPOQOPIES TOV APOPOVY TNV JOUN TV EKUETOAAEVCEMV, TANPOPOPIES TOV OPOPOLY TNV GTAOT
TOV TOPAYOYDOV ATEVOVTL 6TO TEPIPAAAOV HEGH QIO TOVE YEKOGOVG KOl TAT|POPOPIES TOV £XOVV VL
KAVOUV HE TNV YVAOOTN KOl OTNV OTACT TOV YEOPY®OV YOp® amd TNV Olayeiplon g TANpovg
ddkaciog epapuoyns twv eutoeapuakwv. Ocov agopd To deiypo MTAV TLYOOTOMUEVO Kol
amotelobvTay omd  aypoTeg TG VPVTEPNG TEPLOYNG TOL dMNUOL Xoeadwv kot dMuov [Moiopd. H
EMAOYT TOV €V AOY® TTEPLOYDV £YIVE KAODS GLVOPEDOLYV LLE VOATIVOVS OTTOSEKTEG Kol EXEL EVOLOPEPOV
N mepifoiiovtikny 6tdon tov cuvorov. Emiong ot mepiosodtepol Nrov PapPfarkokaiiiepyntéc, Kabhg
OTIG GUYKEKPIUEVEG TTEPLOYESG Elval 1010{TEPOL EKTETOUEVT] 1| KOAMEPYELD EVD EMIONG OEXETOL OPKETES
ukés emeppaoetg. Téhog ypnowo cvotiuoTo Yoo TV SeEaymyn, TNV ovaivon Kot Tnv
napovoiacn g Epevuvag ftav to Googleform, to Microsoft Excel kabmg kot to IBM SPSS Statistic
23.

3. AIIOTEAEXMATA KAI XYZHTHXH
3.1 Apoypoa@ikd amwoTeAEOCHOTO KOl O0UT] EKPETUALEDCEMV

To mpoiA TV TapAYOYOV TOV GLUUETEIYOV Tapovsiocay péon nhkio 42 €TOV aptBpdc mov
vor pev owapépel amd ototyeio g Eurostat (2012) aAAd mpooeyyilel aviiotoreg €pevveg mediov
(Damalasetal. 2006). Zyetikd pe t0 HOPPOTIKO EMITESO TV £pOTNOEVTOV TO 59% TV aypotdV gival
amo@ottol AvKelov v VIAPYEL Kol £V IKOVOTOMTIKO TOGOGTO Kovid 610 25% mov elval kot
amoO@olTol TPtoPaduag exmaidosvong kot PO 16% omdeottor dnpotikov. Av kpivovpe omd to
YOUNAO HéEGo Opo nAkiog TG Epevvag givor Aoyikd Kot To VYNAOTEPO EMIMEDO EKTOIOEVONG GE GYETN
pe Gideg épevveg mediov (PyrovetsiandDaoutopoulos, 1999; Angelopoulosetal., 2016). Xe kd0e
TEPIMTOON OTMOC TO TPOPIA TNG TOPOVGOC EPELVAG OV AVTIKATONTPILEL TANPWOC TO TPOPIA TOL HEGOL
‘EXMnva Topayoyod aAld To veapd KOppAtt Tov cuvolov. Emiong péca amd v mapodoa evotnta
extipunnke kot 10 Vyog TV emdotnoemv kobmg o¢aiveror Ott t0 62% TV gpmBEvVImV
napovctalovy emdotnoelg dve towv 5000 gvpd Kot poAg o 11% Kt amd 1000. Zyetikd pe tnv
doun TOV eKPETAAAEDGE®Y TTpoékLyE pEon KoAMEpyewn 211 otp, aplOUdc mov SlapEPEL ONUAVTIKA
and 1o 48 otp. g EAXTAT (2015). Katt tét010 &v pépet dwkororoyeitoar Ady® TG LYNANG
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TAPOLGIOG PLTAOV PEYAANG KOAMEPYELNS 6TO 98% TNV MPO TOL GTNV YDOPA TO TOGOCTO APOTPLOLMV
KaAMePYEUDV OTAVEL TO 52%. Avlpesa oTIg KAAMEPYELNG TNG TOPOVCAG LEAETNG LTI TTOL KLPLapyEl
etvar o Pappdaxt (n.o. 129 otp) axorovdei n undwkn (103 otp), ta yewepvd citnpd (83 otp), Ta
eapwva outnpd (28 otp) Ko to Aowwd yoyxavin (29 otp). uykpivovtag pe otoryeion TosdoT®ONG
kaAlepyeiwv g EAZTAT (2015) yw tov vopd Koapditoog to otoryeic mocodcT®OoNG Kpivovtal
AVTUTPOCMOTEVTIKA 0G0 apopd To Papfdxt kot ta crtnpd. MeydAn amdkMon cuVaVTAULE KUPimg 6TV
KaAMEPYELD TG UNOKNG KABDG evd Tavelhadikd 1 KaAvyn ¢ kallépyelog eivar oto 4,5 % kot
otov voud Koapditsog oto 7% otnv mapovoa epyacio vrdpyet €vo mocooto s téEems tov 21%. Ta
ototyeia ¢ EAXTAT wotdéco eivar ovykevipotikd o¢ 1o 2013 gvd ommv ovvéysio Ady®
avaBedpnong e KAII éywve mpodbnon tov yuyavBodv mov cuvexdg avédvovtal ypdvo pe tov
xPOVO Kol 1OwTEPO OTIC TEPLOYEG WEAETNG EMELDN GLVOPELOVY UE VIATIVOLG OmOdEKTES (£xOVV
EMAPKELQ VEPOD, ATOPAITNTO Y10 TNV UNOIKN).

3.2. Anoteréopnata 0mo00KELONS PLTOPUPUAK®V

Ievikotepa o1 aypdteg Adoav 0Tt d1aBETOVV AGPAUAEG LEPOG OMOBKEVONG PVTOPUPUAK®V
oe mocootd 86%, amotéleopa wWwitepa evBappuvtikd oe oxéon pe v oebvny Piproypaeio
(Lekeietal., 2014). Qotdéco kavovtag gupdabovvon oto gpdTHO omodeiytnke 0Tt poig to 20% tov
yeopymv o0bBétouv amdAvto ac@areic omobnkeg mov Ppiokovroar oyt uoévo paxpd amd Loikovg
0pYOVICHOVS Kot TpOQLUa 0AAG eivar Ko eE0MAMOUEVEG [LE GUOTAUOTO AGPUAEING OTOC TNAEP®OVO
€KTATNG OVAYKNG, GULOTHLOTO TLPAGPAAELNG, KOVLTL TPOTOV Pondeidv, okodmeg, KAOOVLE Kot
TAUOTIKEG GOKOVAEG. ZOUQOVA UE TO TOPOTAvVED Topatnpeitoyua avtipaon g Oewplag pe v
P& o0t ev pépet to 80% tv mapaywydv Bempel 6Tt S100TEL AGPAAT YDPO ATOBNKEVONG EVD
amd TV GAAN oG to 20% drabétel oty TPAEN andAVTO ACOAAT] YDPO LLE ATOPOLTITO GUGTLOTAL.

IMivaxag 1: Amotelécpato cuvONKOV amofnKeELONE PLTOPAPUAK®OY AVAAOYO TO VA0, TO EMITESO
EKTOOEVOMNG KoL TIG EMOOTNOELS.

O yopoc anoBnxksvoms £t ONUAVGELS,
Mapayovtec exibpaonc ;\fv.?teerco.acgw._n '/_fopo B oMM rq;.s@wyci escTwc_rn; Cl.\‘g.'!k'.fl_; Kq(k-)g
aROBMKEVONS TOV aYPOMUIKOY | Kot  piGo EXTaXTC  avdykng, oneg
OV ZPNCIUOTOWD, HaxKpLd and To | Ruvpocfecmipa, xovti RpdTey Pondaby,
onitt pov, LGa Kot PP OKOURES, WANCTIKES CaxKOoVALS, xado
QTOPPIUUATEV KA.
AROQOITOZ ONUOTIKOD 81% 8%
Eninsdo AnOQO1TOs DEVTEP. 87% 18%"
Exnaidevong exnaidevong
ITruyovyos 85% 339%"
Avipag 85% 20%
Piko Tovaixa 100% 18%
<1000 82% 35%
EmBomh . 1000-5000 86% 16%
TOOTGE
>5000 86% 19%
ZYNOAO 86% 20%

*Chisquare 6.976 (df=2). p-value=0.031<0.05

Ev cuveyeia ekTeAOVTOG OTATIOTIKEG OVOADGELS POVEPMOONKE CTATIOTIKA CNUAVTIKY ETIOpOOT
™G NMAKiog Kot Tov EMITEOOV EKTMOUOEVONG GTO TOPAYOVTIO NG ACPOAODS amofnKevong.
SVYKEKPEVO OGO VEOTEPOL KOl OGO VYNAOTEPOL LOPPOTIKOV EMTEIOL Eivaol Ol YE®PYOl TOCO TO
mBavo eivor Kot va katéyovv TANpmg eEomhopévn amodnkn. To yeyovog avtd emPefordveTon Kot
and v Piproypagia (GaberandLatif, 2012; Mohantyetal., 2013).
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3.3 Zopumeprpopd yE@PyY®OV 611 pOORLION YEKAOTIKOD

ZYHETIKO UE TO. OMOTEAEGHATO POOLIONG TOL YekAoTIKOVTO 86% dNAmoedtiyvmpilel mmg va
Babuovopet 1o yekaoTikd KabdS Kot Ty onuacio g dadtkaciog. Qotdco 1 amddooT AVTOV TOV
amoteAecudTOV givan Bewpntikn kot Bo MTav evolapépov va omotummBel 1 kotdoTtoon otV
TPOYUOTIKOTNTO HE MO TPOKTIKEG €PMOTNOCES. EMOpéveg péco amd 7O TPOKTIKEG EPOTICELS
emPePardvetor Ko oty TPAEN M onupacic mov divovv ot yewpyoli otnv Pobpovouncn tov
UNYOVILOTOG. ZVYKEKPLUEVO GYEOV TO 89% TV 0ypOTAOV EAEYYXEL TO WYEKOGTIKO UNYAVNLLOL TPV TNV
EQUPUOYT Y10 TOAVEG S1OPPOES KO Y10 TNV GMOOTY| AEITOVPYI TOV HOVOUETPOL KOL TOV AKPOPLGIMV.
210 1010 unKog Kopatog 10 91% dnAdvel 6Tt TPV TV €QAPUOYN EAEYYEL TNV TOOTNTO KOL TV PON|
TOV YEKOOGTIKOV SLADLOTOS Y10, OLOOHOPPN Kot akpiPny epapuoyn otov aypd. Ocov apopd v
doom gpapuoyng moapopota o 90% tov yempydv akolovbel TNV €TIKETO TOV GKEVAGUOTOG Yol TV
TOPOCKELY] TNG 000G epapuroyns. Iapdro motdco TV TVLIIKN TapakorlovOnon kot pHOUIoN TOL
pnyovnpuatog poAg to 70% onimver 01t Pabupovopet to WekAoTIKO TOLAGYIGTOV HOPOPE TNV
KOAALEPYNTIKY] TEPi0d0. Xg QT TNV MEPITTOOYN OEV TOPATNPNONKAY OCTOTICTIKO OYNLOVTIKEG
owpopég petald emmédov ekmaidevong, @UAOL kot Vyovg emdotnoewv. AvrtibBeta Ppébnke
OTATIOTIKA CNUOVTIKY €MIOpacT TG NAKiaG otnv Pabuovounon tov yekaoTikov Kabmg ot vedtepot
aypOTEG TOPOoVSIdLovV To vtevhLVN GTAGT.

Mivaxkag 2: Amoteléopata pHOong yekaoTikoh avarloyo 1o VA0, TO EMINESO EKTAIdELONG KL TIG
EMOOTNOELC.

Eépo i va Mptv yexdcn vroroyile

wopile T Hptv yexdon shiyyo T v TGO TOL TOV Bupde co
Tapayovies enibpaong PUORO 40 Py s o] IO Mo o L Pubuilo 10 | axokovbd ndvra T
¥ WEKOGTIKG OV uépN TOV YEKaoTIKOD | shxvemipa Kot Tov oyko | T 7 i ’
; ; e 5 o | yexaoTid pov odnyiec nov
B G e Kat (Mavopstpo, prexdxa) [ Tovvypov movyexal@ava | . 'L e ~
Tvopile T oNUacia | i ve SUmOTOen av | AETT6, 110 ve vTohoTice e BHL SRR || SAIpaRevam B
Iisgted ; e ; A el FPOVIKG UOKEVATIES TOV
OV £7£11 GO Bovkebovy coOTE Kot axpipew tov 67x0 TOV Sl wilnl it
2 & ; o p : 3 Swotipota | aypoymudy Tpw
pvBuion Tov Bev vrapyovy Sppoés | yexaotikon vypod wov Bu il
YEKOGTIKOD TPEREL VU NUPUCKEVACE
AnoQotTog dNuoTIKoY 96% 100% 100% 17% 100%
Eninedo Anogotrog deutep. 85% 87% 89% 70% $7%
Exnoidevor; | exruibevom:
TIro00705 82% §7% §7% 67% §7%
Avrpog 86% 89% 950% 69% 89%
Wi Tovoixa 1% 100% 100% 3% 100%
<1000 80% 77% 88% 76% 94%
EnSorhosic 1000-5000 82% 91% 86% 68% 84%
mboToes

>5000 90% 91% 93% 710% 91%
ZYNOAO 86% 89% 91% 70% 90%

Yvvoyilovtag, o amoTEAEGOTO, PUOIOTG TOV YeKAOTIKOD glval evOOPPLVTIKA G GYEoN e
mv PPrloypaeio (Ozkan, 1991; HofmanandSolseng, 2004). Eniong Oetikd sivor kot 1 cuyvotra
Babuovounong mov mpoékvye amd TV Tapovoa LEAETN o€ oyéon pe v PipAoypaio oAld o KaOe
nepintowon Yo KoAdtepa amoteAéspota 1 fabpovounon npénet va yivetor mopamdve amd o opd
avé kaAMepyntikn mepiodo (Grissoetal., 1988). Téhog Betikd eivon To. amoteAécaTa THPNONG TOV
0OMNYIOV TNG ETIKETOC TOV OKEVACUOTOC KOOMDG o TapoOupoleg PEAETEG 0TO TaPEABOV TO TOCOGTO
mpnong uropei va etavel 30 pe 50% (Jallowetal., 2017).

3.4. ZopmePLPopa YEOPYAOV GTIV TANPOGT TOV YEKAGTIKOD PNYOVI|LOTOS

To 69% tov mopay®ydV avagépel 0Tt TPOETOALOVY TO YEKAOTIKO StdAvIO pokpld omd
nyEC vepol kat g acpain pépn. To mocootd oe oyéon pe v Pploypagia ek TPMOTNG Aroyng
Qaivetal evOappLVTIKO OALL 08V QOVEPDOVEL TNV OTOALTN TPUAYUOTIKOTNTO. X& EMOUEVY] EPMTNON
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Qovep®ONKe MO PEOMOTIKO TOGOGTH KOOMG HOAG TOo 47% OnAdvel 0Tl dev yepilel TO YeKAOTIKO
pnyavnua angvbeiog amd mnyég vepov. Eniong, noig 58% cvuminpovet 6Tt yepilel 10 YeKooTIKO O
youvo yopo. Méca amd Tig avTIQACELS KOl TOV GUVOVOCUO TOV OMOTEAEGUATOV GTNV PELVO TESIOV
TPOEKLYE OVOLACTIKE €va TOG0oTO Kovtd 6to 42-50% mov Oyt povo dev Aapfdaver vmoyn v
YEUTVIOON HE VOATIVOVG OOJEKTEG KOl (PLTIKOVS OPYOVIGHOVG OALL eKTEAEl KIOAOG TNV TANPOON
amevBeiog amd ToVg VOATIVOVS amodékTeC. Ta amotehéspata avtd dev givar evBappuvTikd oAl eival
mo Oetkd amd oviictoyyo G PPrAoypaeiog Kol QoveEP®VOLV  EAAPPDS  UEYOADTEPT
evauwcOntonoinon amévavtt oto mepiPdAiov (Mohantyetal., 2013). Emiong ovte 10 emimedo
exmaidevong oAAd o0te 10 QOAO  @aivetar vo  emOPodV  OTOTIOTIKA ONUOVIIKG OTNV
amavtnon.Q26t6co TPOPANUATIGHO TPOKAAEL TO YEYOVOS OTL M YEVIKOTEPN €KTaidevon Oev mailet
pOLO TNV 0pBOLOYIKY ANYT ATOPACEMVY Y10 TV TPOGTUGIO TMV VIATIVOV ATOJEKTOV OTWS avTiETA
ovuPaivel oe mapouoleg peiétreg (Janhongetal., 2005; GaberandLatif, 2012). Avrtifeta
TOPOVGLACTNKE GTOTIOTIKA CNUOVTIKY EMOPAOT NG NAIKIOG GTNV AmOQOCT TANPWOONG GE YOUVO
YOUO. ZVYKEKPIUEVA Ol Topay®yol ot omoiol yéulav v de&aevny 6€ YOUVO YOUO NTAY VEOTEPOL
yeyovog mov ovpPadiler kot pe pépog g Pproypaeiog (PyrovestiandDaoutopoulos, 1999;
Schenkeretal., 2002).

MMivaxkag 3: Amoteléopato TAPOONS YEKAGTIKOD 0VAAOYA TO VA0 KOl TO EMINMESO EKTOLOEVOTG.

Tepileey 10 wexkooTtikd wpov [ To onueio omov vyeuile To
. - anevfsios om0 SMQOVEWNKES | WEKOCOTIKO wHov sivor youvo
TTapayovies enidpocns T s A i
N YES vepoL (Aduves, moTap, | yoOuo
oVAGK10)
ATOQOITOS ONUOTIKOV 54% 54%
Eminedo AnéQo1Tos dsvTEp. 52% 55%
Exnoaidsvong | exnaidsvong
ITruyovy0s 51% 67%
Avipog 54% 55%
®vio - . .
Tvoika 27% 91%
ZYNOAO 53% 58%

3.5. ZopmePLpopa YE@PYADVY GTNV EQUPLOYT] YEKIOTIKOD OL0AVNATOS

AvVoQopKd e TO ATOTEAECUATO E€QPOPLOYNG TOV YEKAGTIKOL OtoAdpatog 1o 50% twov
TAPOyOY®OV ONA®VEL OTL Ogv yvopilel Bempntikd Tt givor ot evoldpecses (OVES KOl TOwoL 1) SNUAGToL
TOVG Y10 TV TPOCTOGIO TOV ETPAVEINKDOV VOATWV. To 0Tt 01 psoi aypdteg mapafAémtovy v Evvola
elvar kpicio aAhd otV TPdén TeEPIocOTEPOL YEMPYOL TNV TNPOVV. Zuykekpipéva 10 63% dMAiwoe 0Tt
dev yekalel g TV GKPN TOL OYPOKTNLATOS OV aLTO YEITVIALEL LE VOATIVOLG OTOOEKTESG KOl £V TEAEL
0VLGLOOTIKG AP VeL evoldueses (dvec. Avti N amdkAion g Bewpiag pe v Tpdén etvon Betikn mpog
opelog tov mepPdArovtog. Emiong katd tnv odpkewn tov yekaopov to 70% mepimov tov
TAPOYOYDOV avaeépel 0Tt Tapoakoiovdel Kot tnpel mOBovOV TPOEBOTOMTIKEG TAUTEAES Yo ANy
UETPOV Y10 TNV TPOGTACIO T®V VOATWV. 2GTOCO KOl OTIS OVO TEPMTOCELS OTMOTEAECUATOV VITAPYEL
éva un apeAntéo mocootd 30 pe 37% yewpydv mov ToPoPAETEL OTOLOONTOTE OPVNTIKY EMITTMOOT)
TPOG TOVG VOATIVOVG OTOOEKTEC Kot TO TEPPAALOV TopOAO OV elvarl UIKPOTEPO GE GYECT WE
avtiotoyyeg pekéteg (Mohantyetal., 2013).
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Mivaxkag 4: AmoteAéopato QOPUOYNCYEKAGTIKOD OOAAEILATOG OvAAOYO TO GUAO Kol TO €mimedo

’
EKTTOLOEVOTC.
ITavTo TpOGEY®m Y10 TUYOV
. - . . tmapln mwvaxibov tov
TMopdayovies snibpacng Iveopiln o sivaan .~ - .
. - ) e . | nposbonowoty Yia T ATjym
wevdapeon Lavm» Asv yexalo uéypt ™y auEnuEveY JETPwY
O o E"'Tul n ) t:_:z:q ;?J\:ozc;&?owlﬁa”:ou HPOGIELG(Q; EMUPAVEIRKOV
oNuacia mg Yo my OPEUEL pe vepev xa1 Ty emPoin
MPOCTACIO TV ENMQQVEWOKA VEPQ . a s L
EMQUVEWIK @Y VEPOV WILEX YAIMANC OUUGTOPAS 1)
™ ONUOVPYit EVOIRUEGHY
Cevveov
Anogottog SnuoTikov 50%* 59% 629%*
Eninedo ATOQOITOS OEVTEP. 42%* 62% 69%**
Exnoidsvong exnaibevong
TIupwovyos 69%* 72% 90%**
Avtpas 48% 60%*** 68%
$olo -
Tovaixa 73% G1%*** 91%
EYNOAO 50% 63% 70%

*Chisquare 8,487 (df=2), p-value=0,014<0,05
**Chisquare 10,289 (df=2), p-value=0,006<0,05

***Chisquare 3,975 (df=1), p-value= 0,046<0,05

SOUTEPOUCUATIKG TO. OTOTEAECUATO CUUTEPLPOPAS TOV YEOPYDV KOTE TNV SLOPKELL TOV
yekaoumv Ogv etvarl evBappuvtikd anévavit oto meplBdAiov. Agv Aapupdvovv voyn oyeddv Evag
OTOVG TPELG TOL VOATIVOVG OOOEKTEG OVTE KOV TPOEOOMOMTIKEG TvoKides. Ev ovveysio og
TEPAUTEP®  OTOTIOTIKEG  OVOADOES PpéBnke oTOTIOTIKGA ONUAVTIKY EMIOPACT TOV  EMITEIOL
EKTTAOEVOTNG KOl TOL PVAOV. ZVYKEKPIUEVO OGO TLO LOPPMUEVOL Eival Ol aypOTES TOGO TTO THUVO VoL
yvopiCovv v evdidueon (ovn, 1660 To mBavod va pnv mopafAETOVV TIG TPOEOOTOMTIKES
mvakidec. Emiong ot yuvaikeg mapovoiacav o mo vrevbuvn 6Tdon oV EQopUoyn KoBmg dev
yekdlovuv ¢ TV dKpT TOL YOPAPLOD.

3.6. Zoumeprtpopa YEOPYDV TNV OLUYEIPLONOTEPEDV KUL VYPOV 0TOPANTOV

ZYETIKA [E T 0TEPEN VIOAEIppATO PHEC Ao KLPlwg BewpnTikés epmToELS T0 69% dNAmvel
o0TL yvopilel mog mpénel va dlayelpiletol TIg KEVEG CLOKEVAGIEG TAPOAO OV TAPUSOEMG G GAAN
ePMTNOT avoeEPEL OTL HOMG To 35% TV OaypotdV &xel ekmandevtel omnv dlyeiplon Kevov
ovokevaowov (ITivakag 5). H avtiBeon avt) elte pavepmdvel AovOacuévn eviOm®OT OVGLOGTIKNG
YVOONG TOV TOPAYOYDV €ITE OVIMG TOVG EYEl HeTad0Bel 1 Yvdon dayeipiong amd otoua 6 GTON
a0 TOVG EKTOOEVUEVOLG TOPAYWYOVG 1 LECO ATTO TPOCMOTIKEG TOVS avalNTAOELS. ZTNV cvuvndiouévn
TPAYUOTIKOTNTO PECH amd €KTEVELG CLINTNOCELG TOV £YIVOV LE TOVS TOPAYMYOVS, Ol YEWPYOL dEV
yvopilovv TANPOC TNV O00Kacio. TS OlXEIPIONG TOV KEVAV GULOKELOCLDV. XVYKEKPIUEVO
avaPEPOLV 01 TO TOAAOT OTL TO 130VIKO €ival Ta oTEPER ATOPANTA VO TNYAIVOVV GE E101KOVG KAOOVG
AVOKOKAMONG TOPOTEUTOVTOS TIS OLOIKOGIEC TOL TPIMAOD TAVLGiHaTog, TG Tagvounong avd
péyebog 6€ GOKOVAES KOl TV OTY| OTIG CLGKEVOGIEG Y10l [U1] ETOVOPTCULOTOINCT. X YEVIKEG YPOUUUES
TOL AMOTEAEGUOTO KOl TO, TOGOGTA SL0YEIPIONG KEVMDV GLOKEVACIMOV, 6T KOl LE EAMTY YVOON, ivor
Betcd oe oyéon pe avtiotoryeg peréteg (Damalasetal., 2008). Qotdc0 dev mpémet va, mapaPAEmeTon
TO YEYOVOG OTL Ol EPMTNCELS TNG TOPOVGUS EPYACING OGOV apopd TNV OlXEIPION TOV CTEPEDV
amoPAntov eivor mo oA BewpnTiké Topd TPOKTIKEG. Xe OxEoN UE TO HIKPO TOGOGTO
EKTTOOEVUEVAOV AYPOTOV aWTO O€ amotedel TPOPANUA KabdS dmmwg avapépovy kat ot Jorsetal. (2016)
TO LEYOADTEPO OQEAN GTNV OAACYT] VOOTPOTIOG GTO arypOTI TPOKLATOLY OO TNV UETASOCT YVDOONG
amd otopa o€ oToOpa. TEAOG OTATIOTIKA CNUAVTIKY EMidpacn NG ekmaidcvons Ppédnke kabmg 660
O HOPPOUEVOG elvar €vag aypOTne TOG0 o Thoavo va yvopilel mog va dayelpileton Tig otepess
GUGKELAGIEC.
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IMivaxkag 5: AnoteAéopata Sloyeiplong oTePEDV ATOPANTOV YEKAGHOD 0VAAOYD TO VA0 KOl TO
eninedo ekmaidevong.

Tvopilo nodg vo dwysp1otd | Exe  skmowsvtsl  xor  £e
. - g adereg CLOKEVOCIES | oL GOYEL O OLOKAMPAOUEVO
TTapdyovies emidpaans 1“ i P i i HpETHOzE et e HE\
aypoOyMUKAYV, axoiovBdvros | cboTua JwWyEPONS  KEVEV
10 TPAO TAVCIO CLOKEVLACIOYV QY POY T LIKOY
ANOQOITOZ ONUOTIKOD 58%* 27%
Eninesdo AmOQOo1TOZ dEVTEP. 66%* 33%
Exnaidsvonc | sxnoaidsvong
ITrvyovyog 85%* 49%
Avtpog 68% 37%
H -

@uko Tovaika 91% 18%
EYNOAO 65% 35%

*Chisquare 6,425 (df=2), p-value=0,040<0,05

ZxeTikd pe o vypa vroleippato to 65% TOV TAPAYOYOV AvAEEPEL OTL TAEVEL TO YEKACTIKO
puoévo Otav TPOKELTOL KATO TNV EMOUEVT] EQAPLOYT VO AALAEEL PUTOPAPLOKO. XE KADE TEPIMTTOON 1|
TOKTIKY] OLTT] TOL TOPOLGLALOVY TAV® OO TOVG HICOVE TAPUY®YOVS OV Eival oTH Kabdg €161 TO
YEKOOTIKO TEPA TOV OTL POeipeTan amotedel kot €otion pOTAVONG KOl TOEIKOTNTAG, TOCO LAAAOV OV
oKePTEL Kovelg OTL Ol TMEPIOCOTEPOL £YOLV TO GTOAO TOVG KOVTO O KOTOIKNUEVES TEPLOYES.
YuveyiCovtag to 66% TV TAPAYOY®OV TEPITOV dNAMVEL OTL TO TAVGIUO TNG OeEAUEVIG TO KAVEL OE
ACQOAEG HEPOG OTOV aYPd LOKPLA OO TNYEC VOATIVOV OTOOEKTOV EVD GE GAAN TAPOUOLN EPATNON
Byaiverl éva avtipatikd anotéhespo kabmg Tpokvmtel 61l 10 42% TV Yempymdv TAEVEL TG defapevn
GTO OTTL TOV TPOGEYOVTAG TOVG VIATIVOVS amodEkTeC. Omme Kot va, £xel amd T0 GuVIVACUO TV 0VO
TOGOCTMV Giyovpa LILAPYEL £va T0c06TO Kovid 610 40% mov ektedel To TAVGIUO 6TO TTEPIPAAAOVTAL
YDPO TOL OMITION €iTE G POVIUN PAoM €lTE TEPIOTACIOKA. XE YEVIKES YPOUUES Elval v pEPT OeTikd
OTL 01 TEPLOCOTEPOL AYPOTEG TAEVOLV TNV OEEAEVT] TOV YEKAGTIKOV TOLG GTO OYPO TPOGEXOVTOS TOL
VOUTIVOVG ATOJEKTEG AL OO TNV GAAN givan pedovo onueio ot vdpyet 40% mov 10 TAEVEL 6TO
neplPdAlovio xdpo Tov omToY KoOMOG ciyovpa évag TéTolog ywpog Ba yerrvialel pe mbovoig
ool opyaviopovg kot tpoeiua. Emopévog evtinwon iowg mpokalel to yeyovog av 6vimg ot
Tapoywyol péso amd v mapovoo epyocios mapovctdlovv TV mpaypatikny oindsia 6Tt dvtwg
TPOGEYOLV TOVE VIATIVOVS OTOOEKTEG EVA TAPAAANAQ deV d16TALOVY VO KAVOLV TNV d10d1KaGTo TNG
Ao G KOVTA 6Tov {OTIKO YDpo NG oikiag Tovg. Tnv mbovn emmdion 6Tdon 0T TOV TOPAYOYHOV
TNV GLUTANPOVEL TO YEYOVOG OTL LOAG 1 otovug 4 mepimov (23%) dnidverl 0Tt yvopilel Eva apketd
dwndedopévo cvoua dtayeipiong amofAntev 6mwg sivor to Heliosec tg Syngenta. Ev cuveyeia
EKTEMDVTOG OTOTIOTIKT AVOAVOT PpEONKE GTATIOTIKA CNUOVTIKT ETIOPACT] TOL EMTEOOV EKTAIOELONG
oTNV YVOGN TOV GVLOTNHOTOG dlayeipiong amoPfintov Heliosec eved emiong @dvnke kot po wo
vrevBvvn GTACT TOV YLVAIKOV 000V apopd To Kabapiopd tov yekaotikov. EmmAéov mpoékuye
OTOTIOTIKG GNUOVTIKY €MdpAcT TG NAKING 0T0 UEPOG TAVGIHATOG TG deEapevng KaBmG Kot otV
yvaon tov cvotiuatog Heliosec. Xuykekpyuéva tor ATOo 10V TAEVOVV TO YEKAGTIKO UNyavnio 6To
aypd TPOGEXOVTOS TOLG VIATIVOVG ATOOEKTEG EIVOL OTATIOTIKA oMpovTIKG vedtepncnAiog (p-value
0,034<0,05) oe oyéomn pe EKEIVO TOV OEV TO TPATTOVY EVD AVTIGTOLYO VEOTEPOL EIva Ko EKEIVOL TOV
yvopiCoov 10 ocvotuo Heliosec (p-value <0,001<0,05). To onueio givar evbappuvtikd Kabmg
dtapaivetor OTL 01 vedTtePOL YempYoi givar o vtevBuvol Kot o eviuepouévol oe Bépata daryeipiong
KEVAOV GUGKEVACLAOV.
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Mivaxkag 6: Amoteléopata Slayeiplong vYPOV AmoPANTOV YeKAGHOD ovAdAloyo TOo @UAO KOl TO
eminedo ekmaidevong.

s

Kabapile 0 | [Tiéve 10 wexaomxd pov ot | [vopile wmyv  vmapln
Tapéyoveec exidpacnc \?sxgcttxé pov !..l(:)?'o uqqm},é; p{épg; oto ‘/_L-defpl Kfl} ,:vcsw y. COOTH
OToN wdle | mévie poxpid and emeaveloxd | doyeipon v
QYPOYNUKO Tov | vepa VROJSWPATOY YEKOOTIKOD
vexdlo vypov, onws to HELIOSEC
Anégottog dnpotikon 70% 65% 12%*
Eninedo | Amdgoitog devtep. 65% 64% 18%*
Exnoidevong | sxmoidevong
ITruyiovyos 51% 74% 41%*
Avtpog 67%** 65% 22%
oo Twoika 36%** 91% 36%
LYNOAO 65% 66% 23%

*Chisquare 10,470 (df=2), p-value=0,005<0,05
**Chisquare 4,182 (df=1), p-value=0,041<0,05

4. Xvoprmepacpota

YUuvoAMKA Tto TPoPid Tov ‘EAAnva aypotn otnv mapovca epyacio 0gv €lval 1KOvVOmTomTikod
OYETIKA pe TV dwyeipton yekaopmv. Amod v pia, evBappuviikd eivar to amoteAéopota dtav ot
vempyol €govv dueco 6@erog. Xapoktnplotikd oe Bépoto pOOoNG YekaoTIKoOD TOPOLGINGOV
ave&optNTmg NAkiog Kot ekmaidevong wiaitepo OeTikn ewoéva KOOOG amd avt) TV JldKacio
e€aptdron ko M emTvyio epapuoyns. Ouota oe otoryeion amobnKevong Aapupdvouy Tig amapoitnTeg
TPOPLVAAEELG Yo vo. punv eBapobv o1 OpacTIKEG 1) VTOGTOLV dnAntnplacels. AvtiBeta OtL Béua
dwayeipiong oyetileTon pe PETPOL YO0 TV TPOGTAGIO TOL OIKOGLGTHIATOS TO TOPAUEAODV OPICUEVES
Qopég akopa Kot emdekTikd. [TAEoV avTéG 01 CLUTEPLPOPES SLALOPPDVOLY 0 KOKT KOl avevBuvn
vootpomian amévovit ot1o mePParrov. Qotdco TO o1d00Eo  elval OTL TPOEKLYOV KOO0
QMOTEAECUATO. TTOV UTOPOVV ¥pnoiponomBodv g epyoreio yuoo v Peitioon Tng KaTdoTOONG
vevikotepa. Emopuévmg ol Tpotdcelg mov TpoKLTTOVY amd TV Tapovca pyocio stvor:

» H evtotikn, 1 7POKTIKN KOl GUVEYNG €Kmaidevorn TV mapayoydv. Onmg TPoékvye oOTIg
MEPIGCOTEPES TOV TEPUITAOGE®V 1 GVUPOAN TOv emmédov exkmoaidevong mailer poAo otV
SUOPP®OT| o BETIKNG GLUTEPLPOPLS.

» Na 60000V gpebicpata yio TV HETASOGT] OVTHG TNG YVAOOTG AtO GTOLN GE GTOLA.

Y

Na yivovv mo evtatikoi ELeyy0Ol Kot KUPAOGELS OO TOVG aPUOIIONG POPEIC.

» Na d0000v emmAéov kivntpa opOng draxeipiong kabmg 6tav Exovv dQEAOG amd Ui S1dKaGio Ot
Topay@yol Ty vioBetovv og LYNAO Pabuo.

» Tlpénet va yivouv KatdAAnAeg vwodopéc mov Bo vVTOGTNPIEOLY L VEX KOTAGTOON. ZVYKEKPIUEVA,
KGO kowotnta Bo Mrav oamapoitmto va €xel Kowod onueio TANpwong TG oeapevig Kot
dwyeipiong twv amoPfAToV.

» Xvotiuoto yewpyiog akpiPelog Kot VEEG TEYVOAOYIEG UTOPOVV VO SLOUOPPAOVOVY WIKPOTEPES
OTOAEIEG YEKACTIKOD VEQPOVS TPOG TO TEPIPAALOV.

» Kivmtpa mapapovig tov véov aypotdv. Onwc mpoékvye ol VEOTEPOL YEMPYOL E£YOLV TLO
vevBovvn 6TdoT TNV SLUYEIPIOT PUTOTPOGTATELTIKMOV TPOIOVIWV.
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ANAIITYEH MEOGOAOAOTITAX I'TA THN TEXNOOIKONOMIKH
ANAAYZH ME BAXH THN AEI®OPIA TQN BIOI'ENQN
[TAAXTIKOQN TOY AI'POAIATPOOIKOY TOMEA KATA TO XTAAIO
TOY TEAOYX XPHXHX/ZQHY TOYX

A. Mrtprocoving, A. IIikdon & M. Xiokaxkng
I'eownoviko Tav/po Adnvav, Tugua AGTI-I'M, Iepd Od6¢ 75, 11855, Abnva, e-mail: pikasi@aua.gr

IHHEPIAHYH

Avantuoén pebodoroyiag yia T TEXVOOIKOVOUIKT 0ELOAOYNON TNG OEWPOPIOS EVOALUKTIKMOV TPOTWOV
BérTiotg dwyeipiong Ployevidv TAACTIKOV TOL aypOSOTPOPIKOD TOUEN, KATA TO OTAO0 TEAOLG
ypnong/Cong tove. Ta Proyev] TAACTIKO GLOKELOGIOG TPOPIU®V KOl YEOPYIKOV QUAAWDV,
eEetaoOnkov ¢ yapaktnplotikd mopadeiypata. H avantuén g pebodoroyiag cuvovdotnKke pe Tov
TPOGOIOPIGUO OPYDV KOl TEYVO-OIKOVOUIKAOV KPUtnpiov oeipopiag Kabde Kol Tov avtioTolyov
dewktmv. H peBodoroyior otoyevel otn duvatdtTnTo ETOVOYPNCLOTOINONG TOV PLOYEVOV TAACTIKMOV
TOV AYPOSUTPOPIKOV TOUEN, UETA TO TEAOC YPNOUNG LONG TOVS MG OEVTEPOYEVDV TPAOTWOV VADV GE
Slapopa oTAdIOL TNG TOPAYWOYNS PLOYEVOV DAIKAOV, KOl APETEPOV GTO VO d1EPELVNOEL KATA TOGO VT
AmOTELOVV L0 TTLO OELPOPIKT AVOT| GE GYECT LE T OVTIGTOLY0 GUUPATIKG TAAGTIKE VAIKAL.

AéCeig rherdia: agwpopial, TEYVO-OIKOVOUIKN avaAvoT, deikTeg, floyevn TAACTIKA

TECHNO-ECONOMIC SUSTAINABILITY
ANALYSISMETHODOLOGY FOR ALTERNATIVE END-OF-LIFE
OPTIONS FOR POST-CONSUMER BIO-BASED PLASTICS USED IN
THE AFRIFOOD SECTOR

D. Briassoulis, A. Pikasi, M. Hiskakis
Agricultural University of Athens,Department NRM & Ag.Eng.,IeraOdos 75,11855,Athens, e-mail:
apikasi@aua.gr

ABSTRACT

A techno-economic sustainability assessment (TESA) methodology of End-of-Life (EoL) options of
bio-based plastics used in the Agrifood sector was developed. Two main categories, flexible food
packaging and agricultural films, were considered as illustrative examples, taking into account the
relevant increasing demand. The TESA methodology development was followed by the definition of
TESA indicators, referring to relevant principles and criteria. The methodology aims first at ensuring
optimal alternative EoL routes for the bio-based plastics, allowing for their recirculation as valuable
secondary resources in the biorefineries production in support of bioeconomy and subsequently
examine the potential of the biodegradable mulch films and bio-based compostable packaging to
represent more sustainable solutions as compared to the conventional plastic products.

Keywords: sustainability, techno-economic analysis, indicators, bio-based plastics
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1. INTRODUCTION

The global production capacity of bio-based plastics in 2018 reached 2.1 Mt and it is estimated to
grow to 2.6 Mt by 2023. A significant proportion of the global production of bio-based
biodegradable and non-biodegradable plastics concerns the food packaging (0.5 Mt) and agriculture
(0.1 Mt) market segments (European Bioplastics, 2019). The sectors of flexible food packaging and
agricultural films show an increasing demand for bio-based biodegradable plastics.

The main question on the use of bio-based plastics concerns their sustainability, estimated over
the whole life cycle from the resources stage, to manufacturing, use and to the End-of-Life (EoL)
options. Do the commercial biodegradable mulching films and bio-based compostable packaging for
fruits and vegetables represent a more sustainable solution as compared to the conventional plastic
products? To answer this problem, first the definition of sustainability has to be clarified:

e Circular economy: A circular economy system with resource inputs and outputs minimized
through the design for recirculation or long-lasting loops of reuse following repair, remanufacturing,
refurbishing and recycling, or upcycling (Geissdoerfer et al., 2017)

» Bioeconomy: A renewable resources- of biological origin-based economy system. The
processing methods used in biorefineries aim at valorising the biomass as resource for the production
of bioenergy and bio-based materials such as chemicals, bio-gas (European Commission, 2018)

e Sustainable bioeconomy: The renewable segment of the circular economy. The sustainable
circular bioeconomy turns biogenic waste and residues into renewable resources for the production
of added value bio-based materials (European Commission, 2018)

The sustainability assessment of any product or process, including bio-based plastics, is composed
of three pillars and it may be applied to the whole life cycle of a product or to part of it:
environmental sustainability assessment (LCA), technoeconomic sustainability assessment (TESA)
and social sustainability assessment. The present study focuses on the TESA of the EoL options of
post-consumer bio-based plastics of the Agrifood sector.

The techno-economic analysis (TEA) analyses the technical feasibility and economic viability of
all the stakeholders involved (including the community). This analysis differs greatly between an
existing product in the market, where the technical feasibility is demonstrated and real data exist, and
a conceptual new product, where the data must be estimated. In the first case a detailed process flow
diagram of the system can be constructed and the variability of some of the parameters (feedstock
availability, market, resources etc) can be accurately estimated. In the case of a new process the
analysis depends of the readiness level. At least advanced laboratory and early scale-up data are
needed in order to construct a process flow diagram scenario. The use of a stochastic model to
estimate the inputs, outputs and resources utilization is needed to account for the risk factors
associated with the economic funding of the project analysed. The variability of the inputs and
outputs in such a model are represented as probabilistic functions. The standard deviation of this
function represents the uncertainty (risk) and decreases if more data are made available (by
increasing the readiness level).

The techno-economic sustainability analysis, depending on its specific scope, compares the
sustainability aspect of two existing or optimized systems or alternatives. Therefore, the techno-
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economic sustainability analysis of bio-based products uses the results of techno-economic analysis
and optimization to compare the profitability (with a broad sense that includes all involved
stakeholders) and viability of the products in question. This techno-economic sustainability analysis
in interaction with the environmental sustainability analysis and the social sustainability analysis
complete the sustainability analysis for a specific case.

The techno-economic sustainability analysis should respond to two questions. Firstly, to which
extent the technical feasibility and sustainability of resources is assured and secondly, how the
economic profitability with a very broad definition that includes all stakeholders like the consumers
and the community and society in addition to the traditional businesses (that in any case will not
operate unless they are profitable) is addressed and assured.

It is evident that there is a significant overlapping between the economic, environmental and
social aspects particularly in the community and the society profitability concepts.

The aim of this work is to present a techno-economic sustainability analysis methodology for each
major EoL route of bio-based products with emphasis placed on bio-based plastics, and to define
techno-economic sustainability indicators for the EoL of post-consumer/industrial bio-based plastics
of the Agrifood sector.

2. METHODS
2.1. Methodology

The techno-economic sustainability analysis (TESA) methodology for the post-consumer and
industrial stage of bio-based plastics has been developed based on three preliminary inventory
analysis steps (Briassoulis et al., 2019), followed by the TESA methodological steps for the
development of techno-economic sustainability principles, criteria, and indicators. The aim of the
TESA methodological framework is to ensure that optimal alternative EoL routes are defined for the
bio-based plastics, allowing for their recirculation as valuable resources in line with the concept of
the circular bioeconomy.

2.1.1. Step 1: Inventory analysis of policies, action plans and regulations concerning the
sustainability aspects of the circular economy (CE) and bioeconomy

2.1.2. Step 2: Inventory analysis of the EoL options of bio-based and conventional fossil-based post-
consumer products focusing on the EU and USA statistics and the corresponding legislative
developments for plastics

2.1.3. Step 3: Inventory analysis of techno-economic parameters pertaining to the sustainability of
the alternative EoL options of bio-based and conventional fossil-based products based on literature
review

2.1.4. Step 4: A set of principles, criteria and indicators for techno-economic sustainability
assessment of the alternative routes of the EoL stage has been proposed based on the outcomes of
steps 1-3 and relevant scientific sources.

512
11° MaveMAvio ZuvESpPLo MTEwPYLKAC MNXOVLKAG
BoAoc 2019



ENOTHTA 6 - MEPIBAAAON

2.1.5. Step 5: The proposed EoL sustainability principles, criteria and indicators are currently
assessed/evaluated using selected case studies of the Agrifood sector and the TESA methodology for
EoL options in order to be refined and finalised (step in progress).

The TESA for the EoL of post-consumer and industrial bio-based plastics is applied in two stages
following the prioritised alternative EoL routes according to the hierarchy of the Circular Economy
Package (CEP) (COM 28 final, 2018): reuse, material recovery (mechanical and chemical recycling),
organic recycling (aerobic composting and anaerobic digestion) while energy recovery is a
complementary route (i.e. not an independent option) applied only for non-recyclable non-
biodegradable bio-based products (Figure 13).

Harizen 2020 q
for Research & Innovation #3 ProBio

sustainable circular bioeconomy

Recovered bio-based materials =
New bio-based raw materials

* Reuse v
* Recovery \"i & Bio-based plastics EoU/Eol recovery
" routes hierarchy:

a) Material recovery:
Mechanical recycling

Recirculation into the Chemical or feedstock recycling

production system or b) Organic recycling
through industrial *  Aerobic composting
symbiosis * Anaerobic digestion

) c) Energyrecovery
| By-products, Products, market,

| Post-industrial .| Post-consumer

The Circular Economy Package (EC) sets new EU recovery targets by 2030:
Recycling: §5% of te; 75 | e

Lanfilling: Binding max 10% of pal waste; Ban la

Figure 1. EoL routes for biobased plastics in the basis sustainable circular bioeconomy (adapted
from Briassoulis et al., 2019)

Stage 1 - Materials recovery: TESA data of an established materials recycling reference scenario
process resulting in the production of recyclates or monomers from a specific post-consumer,
industrial bio-based plastics. An equivalent reference product should be used for comparison
purposes. In the case of drop-in (non-biodegradable) bio-based plastics, the conventional fossil-based
products are selected as reference materials. In the case of biodegradable bio-based plastics a
conventional bio-based plastic (equivalent in terms of applications/ properties) should be used as
reference material.

Stage 1 - Organic recycling: TESA data of an established organic recycling reference scenario
process resulting in the production of compost and possibly biogas from a specific post-consumer,
industrial non-recyclable bio-based plastic entering the facility together with biowaste. An equivalent
reference conventional biodegradable plastic (bio-waste) should be used for comparison purposes.
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Stage 2. The TESA analysis of stage 1 shall be evaluated under different not established
processing and market conditions (i.e. TESA analysis based on pilot-scale or experimental data and
hypothetical scenarios). Stage 2 TESA sensitivity analysis will be performed provided that needed
scientifically justified data are available. Stage 2 will provide a sensitivity analysis allowing for the
evaluation of possible techno-economic improvements through alternative processing and/or
marketing options, with special emphasis placed on the recirculation potential of the products of
alternative EoL options, in support of the emerging circular bioeconomy.

3. RESULTS

3.1. Proposed techno-economic sustainability analysis principles, criteria and indicators for
alternative EoL options for post-consumer /industrial bio-based plastics

3.1.1. Principle 1: Sustainable Alternative EoL Routes — Techno-economically sound EoL options

This principle focuses on the techno-economic assessment of alternative EoL options for a post-
consumer/industrial product including technical processability, economic viability, combined
environmental and techno-economic resources efficiency and impact on sustainability. The
assessment should be compared against a reference product and depending on the scope of the
analysis should also compare alternative EoL options. In the case of biodegradable mulch films, the
reference material is the conventional Linear Low-Density Polyethylene (LLDPE) mulch film. In the
case of bio-based biodegradable packaging film for horticultural produce, the reference material is
the polypropylene (PP) film.

3.1.2. Proposed criteria falling into Principle 1.

A. Technical feasibility for material recovery (mechanical and chemical recycling) and organic
recycling (aerobic composting and anaerobic digestion) based on existing processes and possible
improvements.

B. Economic viability of material recovery & organic recycling based on existing processes

C. Common environmental and techno-economic criteria of material recovery and organic
recycling.

Proposed indicators for the corresponding criteria and the highlights of the most important
parameters to be considered for the techno-economic sustainability analysis (TESA) of alternative
EoL options are summarized in the following section.

3.1.3. Proposed indicators falling into Principle 1

a. Proposed indicators for criterion A: Technical feasibility

al: Main characteristics of the post-consumer /industrial plastic that distinguish the possible
mechanical and chemical recycling or organic recycling routes and affect significantly the
processability of the stream.
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The nature and the intrinsic properties of the materials, particularly their biodegradability is a
determinant factor for the route they will be directed as well as for the treatment they will be
subjected to at their EoL stage (Delft, 2017; European Bioplastics, 2017). The constituent parts of
this indicator which can be used as indicative qualitative metrics are the non-biodegradable (so
called, drop-ins) and the biodegradable bio-based plastics. Both bio-based mulch and food packaging
films are biodegradable bio-based plastics.

a2: Sorting efficiency of the collected post-consumer specific bio-based plastic from different
collection and sorting schemes.

Post-consumer mulch films are not collected as they are designed to be biodegraded in the soil in
contrast to LLDPE film that may be routed only to energy recovery at a high cost. Bio-based
biodegradable packaging films should be collected and sorted into a stream routed to material
recovery as a priority or organic recycling as a second option. In the case of PP packaging film, the
priority is material recovery (Figure 14).

The sorting process is a critical step for the material recovery as well as organic recycling EoL
options (Plastics Recyclers Europe, 2013; Seadi et al., 2013; Garcia, 2016)

a3: Mechanical recyclability of the sorted post-consumer specific bio-based products.

The technical feasibility of the mechanical recycling process depends on several factors such as the
thermal stability (Al-Salem et al., 2009), the uniformity of the mono-stream or the sorted post-
consumer bio-based plastic stream (Singh et al., 2017), the impact of physical limiting factors which
may determine the recyclability of specific bio-based plastics; among them is the presence of
contaminants in the plastic waste stream. In the case of bio-based packaging, mechanical
recyclability is possible for various bio-based polymers such as PLA, as well as for PP films, under
specific reprocessing conditions.

| Flexible food packaging film for horticultural produce EOL options |

| I

| PLA flexible packaging film | | PP flexible packaging |
Mechanical li
Mechanical recycling
Chemical recycling
Chemical recycling |
Aerobic composting
Anaerobic composting
| Mulch film EOL options |

| Ecovio® mulching film | | LLDPE mulching film |

l Biodegradation in soil I Energy recovery

Figure 2. Alternative EoL routes in priority for biobased and reference food packaging and mulch
films

515
11° MaveMAvio ZuvESpPLo MTEwPYLKAC MNXOVLKAG
BoAoc 2019



ENOTHTA 6 - MEPIBAAAON

a4: Technical feasibility for the chemical recycling of the sorted post-consumer specific bio-based
products.

The technical feasibility of the chemical recycling process can be evaluated by the
depolymerisation efficiency as measure. The efficiency in terms of conversion yield in high value-
added monomers and/or chemicals recovered is a crucial factor. A depolymerisation process that is
not efficient cannot result in high recovery rates or high-quality monomers/chemicals. Both PLA and
PP polymers may follow depolymerisation processing.

ab5: Technical feasibility for the aerobic composting and anaerobic digestion of the sorted non-
recyclable post-consumer specific bio-based biodegradable products

The technical feasibility of organic recycling relates to the conformity of bio-based plastics to the
compostability and/or biodegradability requirements defined by standard specifications published by
several organizations, to be accepted for industrial composting and/or anaerobic digestion (AD). In
this aspect biodegradable bio-based food packaging, if not recyclable mechanically or chemically,
can be routed to aerobic composting facilities or to AD facilities. In contrast, PP packaging film, if
not recyclable, should be routed to energy recovery. Biodegradable in soil mulch film is designed to
be rototilled along with plant remains in the soil. LLDPE much film is not biodegradable in soil and
non-recyclable.

b. Proposed indicators for criterion B: Economic viability
bl: Availability of recycling facilities for mechanical and chemical recycling of post-consumer
/industrial products.

The availability of mechanical recycling facilities in the region that accept bio-based plastics,
and/or the distance of available infrastructures, turns mechanical recycling into a priority alternative
EoL route for bio-based plastics including bio-based food packaging, or not. In the case of chemical
recycling, the establishment of the feasibility of large-scale operations in a way that chemical
recycling becomes a valuable alternative recycling route in the near future (European Bioplastics,
2017).

b2: Availability of aerobic composting and anaerobic digestion facilities for the organic recycling
of non-recyclable post-consumer /industrial biodegradable products

The availability of industrial composting facilities and AD facilities that accept bio-based plastics,
including bio-based compostable food packaging in the region and/or the distance of available
infrastructures are basic prerequisites, for considering organic recycling and/or anaerobic digestion
as suitable EoL options for bio-based products.

b3: Availability of collected/sorted recyclable industrial/post-consumer bio-based products

One of the key factors for the economic viability of mechanical recycling and/or chemical
recycling is the requirement that sufficient quantities of commercial mono stream bio-based plastic
are available, and their supply is rather stable to cover the investments required.

b4: Availability of collected and sorted non-recyclable industrial /post-consumer compostable
bio-based products along with bio-waste feedstock
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A guaranteed long-term supply of bio-waste feedstock, including bio-based compostable plastics,
is necessary before the establishment of an aerobic composting or AD plant. The development of
separate collection of municipal biowaste will allow for routing bio-based biodegradable packaging
that is non-recyclable to aerobic composting with biowaste.

b5: Post-consumer / industrial recycled product quality characterization

It is crucial that the final products are characterized in terms of their quality. Several standards
define the required general characteristics and some optional degradation characteristics of
conventional plastic recyclates, applicable also to their bio-based non-biodegradable counterparts
(EN 15347:2007). No standards exist yet for recyclates of bio-based biodegradable plastics such as
PLA.

b6: Compost quality from aerobic composting and AD of non-recyclable post-consumer
/industrial biodegradable bio-based products and biowaste

The quality of the final products of organic recycling (i.e. compost, digestate and biogas
respectively), has strong impact on the economic viability of the relevant EoL treatments. Meeting
the requirements of the specifications of the Revised Fertilising Products Regulation (European
Parliament, 2018) is a critical issue for the marketing of a final organic recycling product. Bio-based
biodegradable food packaging labelled as compostable according to EN13432 is acceptable to
aerobic composting facilities and possibly to AD facilities.

b7: Market value of post-consumer / industrial recycled product.

The market price for a specific quality of bio-based recyclates is a crucial factor of the economic
viability of mechanical recycling. Mechanical recycling may be feasible but not economically viable
if the prices obtained do not support its operation as a priority option for EoL of bio-based products
(Van den Oever et al., 2017). The market price for a specific quality of second-generation bio-based
monomers or oligomers is a crucial factor of the economic viability of chemical recycling.

b8: Market of non-recyclable post-consumer/industrial biodegradable bio-based products

Ensuring successful industrial composting and/or AD plant development and operation with
strong impact on the economic viability of the organic recycling of non-recyclable bio-based plastics
along with biowaste, requires availability of markets for the end-products.

b9: Estimated financial feasibility of mechanical recycling, chemical recycling and organic
recycling of post-consumer /industrial bio-based products

The financial feasibility of the EoL options is based on the economic data and can be described in
terms of the profitability of the processes.

c. Proposed indicators for criterion C: Common environmental and techno-economic
cl: Mass recovery efficiency through the mechanical and chemical recycling

The higher the recyclate mass or the higher the mass of pure monomer/ oligomer or chemicals
produced from the initial mass of the sorted post-consumer plastic entering the mechanical or
chemical recycling facility, respectively, is, the higher the material recovery and recirculation
potential is achieved.
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c2: Biogas mass recovery efficiency under AD conditions

The percentage of the compostable bio-based plastics composted and/or the percentage of
anaerobically digestible bio-based plastics converted into biomass is small. The biogas obtained
describes the efficiency of recovery of the sorted post-consumer biodegradable bio-based plastic
mass entering the AD facilities together with biowaste.

c3: Impact of additives and reagents used with mechanical and chemical recycling of post-
consumer/industrial products on sustainability

The nature and efficiency of additives and of reagents used for the manufacturing and the
reprocessing of the bio-based plastics, and in chemical recycling, respectively, affect the overall
sustainability of materials recovery (Hahladakis et al., 2018).

c4: Impact of the additives and reagents used with aerobic composting and AD of non-recyclable
post-consumer /industrial biodegradable bio-based products on sustainability

The efficiency and nature of the additives used in both the composting process and the AD, with
emphasis placed on the use of environmentally benign additives that are natural substances or
compostable/digestible bio-based compounds may affect the techno-economic and environmental
sustainability of the process (Gabhane et al., 2012; Gonzaélez et al., 2018).

c5: Utilisation efficiency of the resources used for the mechanical reprocessing, chemical
depolymerisation and organic recycling of post-consumer /industrial products

The overall environmental and techno-economic sustainability of the alternative materials
recovery and organic recycling processes is affected significantly by the efficiency of the utilities
used for the processes and their renewability and/or recirculation. The energy used may be derived
from renewable and/or conventional sources while the water used may partially come from a closed
recycling loop of the wastewater.

c6: Impact of the waste — emissions associated with the mechanical reprocessing and chemical
depolymerisation of post-consumer /industrial products on sustainability

The wastes and the air emissions produced during the mechanical and/or chemical recycling
processes have important impacts on their techno-economic and environmental sustainability. Waste
streams in mechanical or chemical recycling usually include solid waste and air, possibly harmful,
emissions and wastewater mainly in the mechanical recycling case (Xiang et al., 2002).

c7: Impact of the waste — emissions associated with the aerobic composting and AD of non-
recyclable post-consumer /industrial biodegradable bio-based products on sustainability

Waste streams generated from aerobic composting, such as leachate, residuals, odors, air
emissions and in AD anaerobic digestion effluents (ADESs) may have important techno-economic and
environmental sustainability impact.
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3.1.4. Principle 2: Techno-economically sound recirculation potential of recycled post-
consumer /industrial bio-based products through alternative EoL routes

Techno-economically sound recirculation of mechanically and chemically recycled post-consumer
and industrial bio-based products back into the plastic conversion manufacturing of end products and
the polymer processing stages, respectively, depends on the recirculation potential of the specific
bio-based products and also on the manufacturing techno-economic recirculation processing
efficiency. Recirculation of non-recyclable biodegradable bio-based products may be achieved using
compost produced from biowaste together with compostable plastics as organic fertilizer for biomass
(resources) production.

The possibility of the recycled post-consumer and industrial bio-based products to recirculate
from the stage of the EoU/EoL back into the manufacturing and processing stages or even to the
initial parts of the value chains comprises the recirculation potential that in general integrates criteria
related to the EoL stage described in principle 1 (Figure 13). The reason that the recirculation
potential is presented as an additional separate techno-economic sustainability principle (2), even
though it contains elements of the techno-economic sustainability criteria of the alternative EoL
options (principle 1), is the identification of the gap between product design, materials supply,
marketing and manufacturing, on one hand, and the return flow of recycled/ recovered materials, on
the other hand. The inclusion of the specific principle 2 on recirculation of the recycled/ recovered
materials along with associated techno-economic criteria and indicators aims at ensuring the
restoration of the fragmented connection between the EoL stage and the produced secondary
materials with the bio-based products value chains. Material characteristics, standards, traceability
schemes can play a significant role in this direction.

3.1.5. Proposed criteria falling into Principle 2.

D. Recirculation potential of mechanically and chemically recycled post-consumer /industrial bio-
based products

E. Recirculation potential of organically recycled post-consumer and industrial biodegradable bio-
based products

3.1.6. Proposed indicators falling into Principle 2

d. Proposed indicators for criterion D: Recirculation potential of mechanically and
chemically recycled bio-based products

d1: Recirculation potential of specific post-consumer /industrial products through mechanical
and chemical recycling reprocessing

The physical and chemical characteristics of specific post-consumer /industrial products have
strong impact on their recirculation potential. In mechanical recycling, the maximum number of
reprocessing cycles before the material becomes non-recyclable anymore depends on the specific
material and the reprocessing conditions. The deterioration (degradation) of the properties of a bio-
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based or conventional polymer in most cases is gradual, analogous to the reprocessing cycles and
characteristic for the specific product. In chemical recycling, the recirculation potential through the
recovery of monomers/oligomers depends on the characteristics of the specific product.

d2: Characterisation of mechanically reprocessed and chemically depolymerised post-consumer
/industrial products according to relevant standards

The mechanically reprocessed and chemically depolymerised post-consumer /industrial products
are characterized according to standards for their quality and their potential to close the loop of the
recirculation back to their useful life cycle stages. The establishment of relevant standards is an issue
of essential importance, as the European plastics recycling industry lacks uniform standards and
certification schemes which would strengthen the secondary raw materials market. Consumers hardly
rely on constant supplies of high-quality products, due to the differentiation of quantities and
qualities of reprocessed materials because of the standards variation (Plastic recyclers Europe, 2019).
Moreover, chemical recycling needs to be conceptualized in the legislation so that the produced
material’s quality and recirculation potential are clearly defined as well as distinguished from energy
recovery (Plastics Recyclers Europe, 2019).

d3: Traceability schemes for recording the mechanically reprocessed and chemically
depolymerised post-consumer /industrial product

Traceability schemes may be required by legislation, international standards or end users in order
to allow better product control or to locate and withdraw unwanted material and/or defective
products from the secondary market (British Standards Institution, 2019). Such schemes enhance the
confidence between the producers and end users as far as the use of the reprocessed /recovered
materials are concerned, ensuring their recirculation potential back to the useful life cycle stage.

e. Proposed indicators for criterion E: Recirculation potential of organically recycled
biodegradable bio-based products

el: Recirculation potential of the compost produced through organic recycling of non-recyclable
post-consumer /industrial biodegradable bio-based products

The final compost product from the organic recycling of biowaste together with non-recyclable
post-consumer /industrial biodegradable bio-based products, may be characterized and used as
organic fertilizer, or soil improvement compound. The compost enhances the biomass production
and the CO, absorption replacing chemical fertilisers.

4. CONCLUSIONS

The techno-economic sustainability analysis (TESA) methodology for the post-consumer and
industrial stage of bio-based plastics has been developed based on three preliminary inventory
analysis steps, followed by the two TESA methodological steps for the development of techno-
economic sustainability principles, criteria, and indicators. The last methodological step, currently in
progress, constitutes the application of the proposed methodology and EoL sustainability principles,
criteria and indicators in selected case studies of the Agrifood sector. The aim is to assess/evaluate
the proposed TESA methodology for EoL options of post-consumer /industrial bio-based plastics and
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refine and finalize it. The case studies tested include biodegradable mulch films versus LLDPE
mulch film as the reference material and bio-based biodegradable packaging film for horticultural
produce versus PP film as the reference material. In this last step, the TESA for the EoL of post-
consumer /industrial bio-based plastics will be applied following the prioritised alternative EoL
routes according to the hierarchy of the Circular Economy Package (CEP) (Figure 14). Special
emphasis will be placed on the recirculation potential of the EoL alternatives, in support of the
emerging circular bioeconomy.
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ABSTRACT

The assessment of the environmental impact of agricultural production has received increasing
attention over the last years, because agriculture appears to have a major impact on the environment.
Modern, intensive crop production is regarded as a source of solid, liquid and gaseous emissions,
which can be both a nuisance and environmentally harmful. Plastic, waste water and greenhouse
gases, coming from direct or indirect sources, are the most important effluents for polluting the air,
the ground and surface water (nitrates and phosphate emissions), causing climate change,
acidification, eutrophication and ecotoxicity (soil enrichment with heavy metals). Regarding
protected cultivations, there are some environmental studies that are restricted to the use of national
or EU level guiding policy or in improving farm management by supplying information to the farmer
or advisor. To reduce pollution sources from intensive agriculture production systems to the
environment many technologies have been developed and applied, like close hydroponic systems,
close greenhouse, degradable plastic covering materials etc. However, till today information and
studies concerning a complete environmental assessment of greenhouse cropping system are limited.
Therefore, there is an increasing interest in product-oriented and life cycle based environmental
assessments (LCA), because there is a need to evaluate global emissions and impacts from the whole
production chain in relation to types and amounts of products consumed. Life cycle assessment
(LCA) is a generally accepted method to evaluate the environmental impact during the entire life
cycle of a product. In the present paper, we built upon the results of previous EU projects rational
irrigation strategies in greenhouse and using the LCA method through the SIMAPRO software we
evaluate the environmental impact on close, semi-close and open greenhouse hydroponic systems.
Keywords: Life Cycle Assessment, Hydroponics, Water use efficiency,

1. INTRODUCTION
Along with an increasing population, the world faces climate change, rising fossil fuel prices,
ecosystem degradation, and water and land scarcity - all of which are making today's food production
methods more challenging. The EU energy strategy (2030 Energy Strategy) calls for a 40% cut in
greenhouse gas emissions compared to 1990 levels and at least a 27% share of renewable energy
consumption whereas the EU directive (EU No 406/2009/EC) for greenhouse gas emissions (GHG)
forces for to at least 50 % reduction below 1990 levels by 2050. Limited water availability already
poses a problem in many parts of Europe and the situation is likely to deteriorate further due to
climate change, with Europe’s high water stress areas expected to increase from 19% today to 35%
by the 2070s (COM2009 147/4).
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In Greece, but in general in the Mediterranean region, protected cultivation constitutes the most
productive form of primary agricultural production. Although the climate conditions for greenhouse
crop production are favourable, the Greek greenhouse industry, like many other parts of the agro-
food chain, faces a major challenge: Meeting the increasing food needs whilst simultaneously
reducing agriculture’s environmental impact. The majority of greenhouses in the Mediterranean area
are low cost, low-tech, labour intensive and simply equipped. Most of the greenhouse crops are
grown in the soil but in recent two decades, there has been a switch to hydroponic production
systems. Hydroponic systems offer several benefits such as the control of root pathogens, superiority
of physical and hydraulic characteristics of growing media, better control of nutrient availability,
pollution prevention and higher water and nutrients use efficiency. Although high-tech greenhouses
are capable of providing the optimal conditions for year-round production, they are the most
expensive option in terms of capital, running costs and energy consumption. VVanthoor et al. (2012)
reported that the most profitable infrastructure for a specific region is not necessarily the most
expensive one; and growers' experiences show that in many cases high profits can also be achieved
using intermediate-level greenhouses or low cost structures. However, as lack of technology and
automation is shown to lead in higher demand for labour, labour costs also to be taken into account,
too.

In many Greek (and Mediterranean) regions up to 85% of the total fresh water consumption can
be attributed to agriculture. Many areas are facing severe problems with water shortage and/or poor
quality of water resources. This situation will be further worsen since the expected climate change
will worsen the situation as it will lead to hotter summers. Apart from water, EU agriculture uses
massive amounts of expensive imported nutrients, notably Nitrogen (N) and Phosphorus (P). N and P
nutrient production and use are associated with appreciable amounts of energy use, greenhouse gas
emissions, and other environmental problems, like depletion of natural resources, eutrophication,
acidification, etc (Munoz et al. 2008c). Advanced cultivation and management techniques and
optimisation of external nutrient and irrigation water input are required to ensure that Mediterranean
agriculture remains competitive and sustainable.

Sustainability assessment tools can provide support to on-farm decision making and hereby may
have a significant impact on a sustainable development of farms. At international level, it is well
recognized that an integrated sustainability assessment must be based on a life cycle approach that
allows to deeply analyse the whole system or supply chain, thus avoiding burden shifting. Life Cycle
Assessment (LCA) is the key tool to perform an environmental sustainability analysis of products
and technologies (Guinée et al., 2004). It has already been widely applied to assess the
environmental performance of agricultural systems, and when combined with social and economic
indicators can ensure economic, environmental and social pillars of sustainability.

There are several valuable studies available in the literature which investigated the LCA in
agricultural products (Tabatabaie and Murthy, 2016, Khoshnevisan et al. 2013, Longo et al. 2016).
The environmental impacts of some protected crops (peppers, melons, tomatoes, cherry tomatoes)
have also been analysed (Munoz et al. 2008a, Munoz et al. 2008b, Nemecek et al. 2008, Cellura et al.
2012). In the present paper, we built upon the results of previous EU projects rational irrigation
strategies in greenhouse and using the LCA method through the SIMAPRO software we evaluate the
environmental impact on close, semi-close and open greenhouse hydroponic systems.
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2. MATERIALS AND METHODS
2.1. Experimental greenhouse

The experiments were conducted in the greenhouse facilities of the University of Thessaly, in
Velestino, Greece (390 44’ N, 220 79’ E). The geometrical characteristics of the greenhouse were as
follows: eaves height of 2.4 m; ridge height of 4.1 m; total width of 8 m; total length of 20 m. The
greenhouse was equipped with two side roll-up vents and flap roof vent. Heating was achieved by
means of PVC pipes (@ 0.2 m) located above ground, near plants’ substrate. The tomato crop
(Lycopersicon esculentum ‘Formula’) was transplanted in rockwool slabs placed in 6 independent
closed-cycle hydroponic installations (experimental units). Three treatments differing in the
management of the drainage solution (DS) were applied in duplicate in the six experimental units: (a)
a standard open hydroponic system (O), the DS was constantly discharged throughout the
experiment, (b) a semi-closed system (SC), the DS was recycled as long as the Na concentration of
the nutrient solution was lower than 12.5 mM

2.2 Life Cycle Assessment

The methodology chosen to evaluate the environmental impact of the tomato production was LCA
which has been effectively applied in agricultural and food systems over the last few years. The
principles of LCA are described in the ISO standards 14040 and 14044 (ISO, 2006a,b), which define
four phases: goal and scope definition, inventory analysis, impact assessment, and interpretation.
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Fig. 1. Flow diagram, process contribution and system boundary
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The basic elements of LCA are the following:

a) The functional unit (FU) refers to the main function of the system analysed and is the
reference unit for the inputs and outputs of the system analysed. Since the final function was
the production of vegetables, the FU chosen for this study was the mass unit 1 kg of tomatoes.
(An average yield production of 25 kg/m? is considered representative for the specific type of
the greenhouse)

b) The system boundary defines the unit processes included in the model production system. We
defined the system boundary from raw materials extraction up to farm level, including
material disposal. Thus, the processes considered for the environmental analysis included
inputs and outputs in the manufacture of greenhouse components, transport of materials,
materials disposal and greenhouse management (water, fertilizers, pesticides and electricity
consumption). The flow diagram with the selected system boundary presented in Fig. 1.

The crop production system was structured in several stages/groups for the inventory analysis,
each one including relating processes and flows, in order to facilitate the study and interpretation of
the results: greenhouse structure, auxiliary equipment, climate control system, fertilizers, pesticides
and waste management.

Greenhouse structure included: The steel elements, frame reinforcements, gutters, axes,
profiles, arches and ventilators. The trellis system to support the tomato crop was made of
wire. The covering and floor mulching were made of low density polyethylene, the front
and side walls of polycarbonate sheet and the insect proof screens of polyethylene. The
foundations and main path were made of concrete

Auxiliary equipment included: the irrigation system; drainage and rain water collecting
installations; consumption of electricity by the watering system, and the substrate.

Climate control system as in most Mediterranean greenhouses, there was no heating
system and only natural ventilation was used to alleviate the heat stress

Fertilizers, the total quantities of N, P and K were obtained from the different fertilizers
applied to the crop.

Pesticides,the total amount of active ingredient was considered for insecticides and
fungicides

Wastes management: several wastes material treatments were considered. Metal and
polycarbonate wastes were 100 % recycled. Concrete and substrate were 50 % recycled
and 50 % transported to landfill. Plastics were 90 % recycled and 10 % transported to
landfill. Green biomass was treated at the compost plant, considering a 60 % loss of fresh
weight at the time of transport. Only emissions due to transport to the landfill and
composting plant, and emissions due to landfill disposal were included in the study.

The primary data for the agricultural operations, such as water consumption, fertilizers and
pesticides doses and vyield, were experimental greenhouse data. The secondary data were obtained
from the Ecoinvent database like manufacture of greenhouse components, substrate, and pesticides;
electricity production mix; and materials transports, and disposal. The LCAFoods database was used
for fertilizer manufacture.

The indicators and impact categories selected for the environmental assessment were chosen
because of their relevance in energy and agriculture processes and were: cumulative energy demand
(MJ) as the energy flow indicator, and five midpoint impact categories, defined by the CML2001
method v.2.05 (Guinée et al. 2002):
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e Abiotic depletion (kg Sb eq): This impact category is defined as depletion of future
availability of natural resources. This impact category includes abiotic resources and
energy. The category indicator is related to extraction of minerals and fossil fuels.

e Air acidification (kg SO, eq): Consists of acidifying substances deposition due to nitrogen
and sulphur oxides to the atmosphere, soil and water. The acidity of the environment can
change damaging flora and fauna in it. The major acidifying pollutants are SO,, NOx and
NHs.

e Eutrophication (kg PO4—3eq): This category includes all impacts due to excessive levels
of macro-nutrients, nitrogen and phosphorus in aquatic ecosystems, making an increase of
biomass that can lead to anaerobic conditions and can make disappear any type of aerobic
life in the end.

e Global warming (kg CO, eq): This refers to atmosphere and oceans global increase of
temperature. Climate change is related to greenhouse gas emissions. Human activities
produce and increase of these type of gases which is directly related with planet
overwarming.

e Photo-chemical Oxidation (kg C,H4 eq).: This is the formation of reactive gases (mainly
ozone) when heat from the sun acts on antropogenic emissions. These gases are very
harmful to humans, ecosystems and crops. This problem is also indicated with “summer
smog”.

e Cumulative Energy Demand aims to investigate the energy use throughout the life cycle of
a product. This includes the direct (extraction and transport or raw materials, manufacture,
distribution, use and product waste treatment) as well as the indirect uses (production of
electricity, fuels, machinery, transport, etc).

e \Water use: Water is a precious resource. It is critical for ecosystem functions both as
habitat and as resource) and equally essential for humans. Water abstracted for human
purposes can have significant impacts on water systems.

e Transport by lorry or van were included for most elements delivered to the greenhouse,
considering vehicle and road manufacture, maintenance and diesel consumption.

3. RESULTS.

In the open hydroponic system the main burdens in the product system were mainly caused from
the climate control system, and fertilizers (nutrient solution), and secondly from auxiliary equipment
and structure. The high values in climate control system is due to direct energy inputs for ventilation
and heating system. The environmental impacts sourced from the use of nutrient solution/ fertiliser
reached almost 60% in eutrophication impact category and almost 20% in acidification (Fig 2.).
These impacts were mainly due to emissions during manufacture and to their application to the crop.
The principal burden in the auxiliary equipment stage was water consumption, since the amount of
electricity for the irrigation system was low, and the substrates were the same in all treatments. The
inputs for steel, plastics, concrete and transport processes were evaluated in the assessment of the
structure.
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Fig. 2. Environmental impact assessment of an open hydroponic system

In the semi - closed hydroponic system also the climate control system accounted for the highest
percentage of contribution in all the impact categories. However, the second most contributing group
was the auxiliary equipment mainly due to electricity consumption for irrigation (higher amount
compared to open system). However the high contribution that the auxiliary equipment has in
eutrophication and acidification is due to the higher concentration of N and P in nutrient solution due
to the close irrigation system. Thus, the amount of nutrients used were reduced and that resulted in
decreased contribution of nutrient solution/ fertiliser to eutrophication and acidification impact

categories to the overall environmental impact (Fig. 3).
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In semi close hydroponic system the contribution of the groups of practices are very similar to
close system with the difference attributed to water consumption and the eutrophication and
acidification where higher amount of nutrients were used since after 3-4 circulations an amount of
water in the irrigation system was discharged and also the nutrient solution was enriched again with

the necessary nutrients
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Fig. 4. Environmental impact assessment of a close hydroponic system

4. CONCULSIONS

The use of close and semi-close irrigation systems can sustainably reduce the use of irrigation and
fertilizers in greenhouse crop production systems and thus to reduce the overall environmental
footprint of the production enable a more environmental crop production with lower emissions to the
environment. The greenhouse crop production processes in total as well as the electricity production
process were also proven to be important contributors to the total use of resources and emissions.
Completion of LCA studies involving a number of different greenhouse producing systems
(crops/structures/equipment), development of site and eventually country-specific emission factors
for the processes at the greenhouse level and finally specifically designed LCA’s for the greenhouse
production processes, will be the main research interests in order to improve the quality of LCI
results and therefore the estimation of the environmental performance of the greenhouse sector
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ENERGY CROPS IN CROP ROTATION USING DIFFERENT TILLAGE
SYSTEM

A.Vatsanidou'& T. Gemtos®
'Center for Research and Technology-HELLAS (CERTH), Institute of Bio-Economy and
Agrotechnology (IBO), Dimarchou Georgiadi 118, 38333, Volos, Greece
Department of Agriculture Crop Production and Rural Environment, School of Agricultural
Sciences, University of Thessaly, 38446, N. lonia, Magnisia, Greece

ABSTRACT

Monoculture cropping system was the dominant cropping system in Thessaly for a long time. The
new reform of EU CAP has decreased subsidies linked to specific crops, like cotton, and durum
wheat. New cropping systems have been already introduced by CAP, where crop rotation is imposed
under cross compliance standards. The recent EU Directive (Renewable Energy Directive, RED)
introduced the use of energy from renewable sources, like biomass. Thus, the new cropping systems,
using bioenergy crops had to be tested and proven under Greek conditions. The main objective of the
present study was to compare the environmental profile of the different agricultural practices in a
crop rotation system used for biomass production. The ultimate aim was to reveal and compare the
environmental impacts of using different tillage practices for seedbed preparation (conventional and
conservation tillage) in an innovative crop rotations system, combining winter and spring crops, in
order to achieve a continuous over the years soil coverage of the field. Environmental impact
assessment was performed using a multiple impact category LCA following the ISO standards for
LCA 14040 and 14044.

Keywords: Biomass, Life Cycle Assessment, Tillage, Crop Rotation

1. INTRODUCTION

The last few decades the use of biomass for energy production (bioenergy), such as electricity,
heat and transport fuels, was seen as a promising option to reduce the use of non-renewable energy
sources and the emissions from fossil fuel carbon (C) to the atmosphere (EC, 2000). This perspective
and the development by most EU governments of detailed bioenergy plans including alternative
energy sources (EC, 2005), has resulted in an extensive research on raw material production,
transformation to energy and environmental performance of biomass and energy crops. The potential
environmental benefits of bioenergy derived from renewable biomass sources have been the subject
of research the last years. Dedicated energy crops have the benefit of providing specific ecosystem
services (e.g. C sequestration, biodiversity enhancement, GHG emissions mitigation, enhancement of
soil quality), the value of which are depended on the particular bioenergy production system and the
reference land use that it displaces (Cherubini et al, 2009).

Monoculture cropping system was the dominant cropping system in Thessaly for a long time. The
new reform of EU CAP has decreased subsidies linked to specific crops, like cotton, and durum
wheat. New cropping systems have been already introduced by CAP, where crop rotation is imposed
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under cross compliance standards. The recent EU Directive (Renewable Energy Directive, RED)
introduced the use of energy from renewable sources, like biomass. Thus, the new cropping systems,
using bioenergy crops had to be tested and proven under Greek conditions.

In order to develop more sustainable farming systems, researchers and decision-makers need
information about the strengths and weaknesses of different farming systems with respect to
productivity and environmental impacts within the ecosystems' carrying capacity. Therefore,
assessment tools are required to comprehend the environmental impact of different farming systems.
Life Cycle Assessment (LCA) is used more and more to assess the ecological sustainability of goods,
including food products, and is seen as a useful diagnostic tool for evaluating environmental impacts
of food products and production systems (Roy et al., 2009). LCA is an accepted methodology for
quantifying the energy consumption, material usage, and environmental impacts of processes over
their entire life cycle—from *“cradle-to-grave”. LCA is the most comprehensive method available
and useful to avoid problem-shifting e.g., from one phase of the life cycle to another, because it
analyses potential environmental impacts throughout a product's life cycle including the supply chain
and downstream processes (I1SO, 2006).

Many environmental research studies have focused on the environmental profile of specific crops
(Ramesh et al., 2012), while a great number was concerned with the environmental impacts from
different agricultural practices or different cropping systems (Abdollahi et al., 2015; Bacenetti et.al.,
2015). Crop residue management and land use management changes, from monoculture (using
conventional tillage and, in most cases, burning or removal of the residues) to a crop rotation using
conservation tillage (reduced and no-till tillage) were also issues under consideration in the current
study. The reference scenario of the monoculture conventional crop corresponded to the cotton
cultivation. Planting winter cover crops can compensate for some disadvantages (i.e., soil organic
carbon levels and soil erosion) occurring when removing crop residues in energy crops. Cover crops
also permit crop residues to be harvested without adverse effects to the environment, like soil
erosion. Thus, utilization of crop residues and winter cover crops can improve the eco-efficiency of
the cropping systems (Kim and Dale, 2005).

The main objective of the present study was to compare the environmental profile of the different
agricultural practices in a crop rotation system used for biomass production. The ultimate aim was to
reveal and compare the environmental impacts of using different tillage practices for seedbed
preparation (conventional and conservation tillage) in an innovative crop rotations system,
combining winter and spring crops, in order to achieve a continuous over the years soil coverage of
the field. The goal of the study was to perform a multiple impact category LCA following the ISO
standards for LCA 14040 and 14044 as close as possible.

2. MATERIALS AND METHODS
2.1 Tillage systems
The different tillage systems used (treatments) were:

e Conventional tillage (CT): Seedbed preparation for sunflower as spring crop using
ploughing at 25-30 cm and two passes of a disk harrow at 7-9 cm. For winter crop, one
ploughing at 25-30 cm, two passes of a disk harrow at 7-9 cm and two passes of a light
cultivator at 6-8 cm for seedbed preparation.
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e Reduced tillage | (RT I): Seedbed preparation using a heavy cultivator at a depth of 20-25
cm and one pass of a disk harrow or a light cultivator for each crop.

e Reduced tillage Il (RT II). Seedbed preparation before planting sunflower using strip tillage.
A strip tillage machine developed in the laboratory of Farm Mechanisation was used for
spring crops. Primary and secondary tillage carried out by a disk harrow at 6-8 cm for the
winter crops. A total of three passes, two passes for weed destruction and initial soil
disturbance and one for seedbed preparation before planting the crop.

e Reduced tillage 11l (RT II1) with one pass of a rotary cultivator at 10-15 cm for primary
tillage, and a second pass with disk harrow for the spring crop and one pass of rotary
cultivator for winter crop.

e No-tillage (NT). Direct planting using a no till pneumatic drilling machine for winter crops
and a pneumatic drilling machine for spring row crops.

2.2 Functional Unit

In the present study the FU was defined as the 1 kg dry matter of biomass production at farm gate.
This means that the LCA study is a cradle- to - gate study, which means that includes all the
processes until the biomass is harvested at the farm. So, the answer to the question “what” is the
recently harvested dry matter of biomass at field. The time period (the “how long”) depend on the
needs of the biofuel production market. The “how well”, meaning the quality of biomass produced in
the field is determined from chemical analysis, and more specific from carbon and ash content of
biomass. The latter is a fundamental characteristic of biomass, since the high ash content can lead to
problems in combustion, gasification and pyrolysis during the conversion of biomass to biofuels

2.3 Functional Unit

The study under analysis was a Cradle to Gate study, meaning an assessment of a partial life cycle
of a product, from the extraction of raw materials (cradle) up to the production of the product, at the
farm, “gate”. In the current study the phase of the “gate” was the biomass production in the field,
including the whole above ground plant part of the plant in its entirety. Thus, all emissions and
resource uses during biomass production and the supply chains of all inputs are included (e.g.
fertiliser production from raw materials and fertiliser application equipment, production,
maintenance, etc.). It is pointed out, that the CO2 uptake of the plants is included, but reported
separately, because the carbon is released as CO2 when the biomass is used for generating energy,
which nullifies this positive effect. The CO2 captured in the soil, due to land use change was also
included and reported separately. Seed, fertiliser and herbicide production are also included and the
agricultural practices of soil seedbed preparation, sowing, irrigation, harvesting, baling, loading bales
and, finally, transporting the biomass at the field temporary storage area. In the case of capital goods
(or ancillaries), the production, use and maintenance phase of the machinery are being analysed, as
well as the farming infrastructure (e.g. buildings, irrigation infrastructure, etc.) its production, use
and maintenance. The environmental impacts of field operations by human labour were not
considered, as well as the transportation of human labour to the field. All the processes included to
the cradle-to gate analysis are presented in figure 1. As for the time boundaries, the study considered
the complete lifetime of whole year field cultivation.
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2.4 Inventory Analysis

The data used to make the inventory were collected from one year of a three year crop rotation.
Crop rotation used energy crops with double crops per year, one rain fed and one irrigated, in order
to keep the soil covered all year round and simulate the conditions that will be created when second
generation biofuels will be adopted.

Three categories of data were used in this study: the foreground data, the background data and the
semi-specific data, as was also presented in the pear case study. The attributional modelling approach
will also be used here for compiling the inventory of the system under study. The foreground data
concerned the primary data from the energy crop cultivation and were obtained via questionnaire
based interview during the growing seasons 2012 and 2013. These foreground data, included
amounts of all the crop production input/inflows categories- fertilisers, pesticides, machinery,
irrigation, fuel consumption and transportation of agro-chemicals from the production site to the
store and from the store to the farm. These data is highly detailed data when different production
inputs within an input category is used, e.g. N ammonium nitrate and N in urea for N fertilisers.

The background data concerned all the information about the inputs production stage from raw
material including the machinery and infrastructure production and all the operations under specific
conditions. These data were taken from the Ecoinvent database, cut-off (also called recycled content)
system model version 3.1 (Ecoinvent, 2014).

Fertiliser / Herbicide / Koil seedbed preparation|
Equipment production, e Tillage
transportation of raw > o Base fertilisation
materials, diesel, * Herbicide control
maintenance
Seed production,
equipment production, .

- i R
transport of seeds, el

diesel, maintenance.
Water pumping,
equipment, electricity, o
quipm: Rl —_ Irrigation —
water supply,
maintenance

Equipment production,
transport, diesel, — Harvesting —
maintenance

Equipment production,

transport, diesel, » Baling ——| Legend:
maintenance

production, diesel

! ——  loadingbales | gemij-specific data
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Equipment production, Background data

transport, diesel, )
X P —*  Transfer to side
maintenance —

Fig. 1. The processes included to the system boundaries for the biomass production
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The semi-specific data concerned data coming from the ecoinvent background database adapted
for the conditions of the present study. In the farm machinery input category, as the Table 5-2 shows,
the processes from the Ecoinvent data like, “Tillage, ploughing”, “Tillage rotary and spring
harrowing”, “Tillage chiselling and rotary cultivator”, “Sowing”, “fertilising by broadcaster”,
“Baling” and “Transfer to side” were adapted to the data of the study, mainly for fuel consumption.
All the other characteristics of the machines, like tractor, agricultural implement, shed production
and maintenance etc. remained the same as in the background data.

For the fertilisers and herbicides application the background data were used, where different
amounts of inputs within the inputs categories were distinguished, e.g. for N fertilisers we used N
from urea, ammonium sulphate and ammonium nitrate, while for pesticides the pesticides’
unspecified production and active ingredient compounds were used. Also for the seed production the
background data were used. The irrigation process was adapted from the ecoinvent data base
‘Spanish irrigation market’ process, using the Greek conditions for irrigation and as source, a ground
well for pumping water. Energy use for pumping included electricity-powered pumps, which were
modelled with country-specific datasets using the country’s electricity consumption mix and from
diesel-powered pumps, were used generic data (diesel market ‘Europe, without Swiss’). Regarding
transportation from the place of production to the point of sale, global freight process from the
background ecoinvent database was used. The pesticides assumed that have been produced in
European countries and came to retail points by lorry. Likewise, the fertilisers assumed either they
have been produced in EU or the raw materials were extracted in European countries and came to
Greece by lorry. Transport passenger car was used as semi-specific process for the transportation of
the fertilisers and pesticides from the agri-store to the field.

For land transformation, which is a change from one land use type to another as a result of a
human activity, we used the area of 1 ha, the area required to produce the biomass of crops of the
present study. For land occupation (occupied area multiplied by time) the resource flow occupation,
“occupation arable” was chosen to represent the cultivation of energy crops. It should be noticed that
the two cultivations, spring crop and winter crop, occupied six and a half and five and a half months
respectively, completing a whole year of cultivation.

The quantitative data of product output in the present study were defined as the kg dry matter of
biomass produced in one ha and one year of cultivation. In the analysed cropping system, the
biomass and the seeds are collected together, so the agricultural harvesting work includes the
collection of the whole above-ground plant mass

3. RESULTS.

The ReCiPe 2008 method was chosen to perform the impact assessment of the results. This
choice, as already has been mentioned in the previous chapter, was based on the fact that impact
categories at the midpoint have a stand-alone value in a midpoint-oriented LCA method, which is
also usable as an intermediate step in an endpoint-oriented method. As mentioned before ReCiPe
method was combined with the method of Pfister et al. (2010) with title ‘“Water use impacts on
resources method’” for midpoint and endpoint level of the hierarchist (H) perspective. Thus, the
results of the LCA of energy crops production using the adapted Recipe method (Goedkoop et al.,
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2013) are presented below. Also the results of the midpoint and endpoint Impact 2002+ method are
presented. In the current study, the obligatory step of the characterization phase was only completed,
without proceeding to the other optional steps of the LCA.

The results of the Impact Assessment using the ReCiPe endpoint method combined with the
Pfister et al. (2010) method for scarcity in water are presented in figure 2 for all the treatments of the
study. In the endpoint level the impact categories are aggregated into three endpoint categories:

e damage to human health (HH)
e damage to ecosystem diversity (ED)
e damage to resource availability (RA)

The figure 2 shows that the RT Il (Disk harrow/strip tillage) treatment of the energy crop study
had better performance compared to other treatments in the three areas of protection (AoPS),
meaning that it was the least harmful treatment, according to the adapted ReCiPe endpoint method.

120%

BmCT
100%

80%

RTI
chiselling

60%

40% W RT Il Strip

20%
ERT I
Rotary

0%

Human Health Ecosystems Resources

Fig 2. Results of Impact Assessment applied on energy crops study at the endpoint level using FU 1
kg of dry biomass

In all the impact categories the analysis showed that strip tillage treatment had lower percentages
in the environmental impacts compared to the other tillage treatments of the study. Also the
variations of most impact categories of the other experimental treatments are due to the yield
variations among the treatments.

The environmental profile of each treatment of the energy crop study is presented in Figures 3 to
7 for all the tillage treatments. Each graph depicts the contribution (in percentages) of each process
group, like fertiliser production, field operations, etc., to the most important impact categories for the
study. All the emissions of substances to air, water and soil from the biomass production phase in the
different tillage treatments are represented by CT, RTI, RTIIl, RTIIl and NT biomass group. The
biomass production phase was almost exclusively responsible for the emissions in the Agricultural
land occupation category and CO2 from land transformation. These results are due to land use for
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specific period, during growth cultivation and to the C sequestration in soil from land management
change of use, respectively. Also biomass production group covers a part of Fossil CO2 category
with similar percentages (23-25%) for all the tillage treatments, and a part of Particulate matter
formation ranged from 25-29% also for all the tillage treatments.

Pesticide
production

m Seed
production

W Capital goods

B Energy/Fuel
production

H Operation

M Fertiliser
Production

B CT biomass

Fig. 3. Processes contribution to the most significant impact categories for Conventional tillage
treatment
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M Fertiliser
Production
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Fig. 4. Processes contribution to the most significant impact categories for Reduced Tillage |
(chiselling) treatment

The biomass production phase had no contribution to Human toxicity, meaning that production
phase is not responsible for emissions included in this impact category.
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Fig. 5. Processes contribution to the most significant impact categories for Reduced Tillage Il S
(disk harrow/strip) treatment
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Fig. 6. Processes contribution to the most significant impact categories for Reduced Tillage 11
(Rotary) treatment

The diesel consumption in tractor uses, gasoline consumption in transportation and electricity use
in irrigation are represented from the Operation in the graphs. As it is depicted mainly in Water
Depletion impact category and consequently in Particulate matter formation and Fossil CO2, the
operations showed significant contribution, with CT tillage treatment having the higher amounts in
Particulate matter formation and Fossil CO2 (17% and 10% respectively), while the lower was
recorded in No-tillage treatment (7% and 4%). The agricultural machinery production and
maintenance of all the equipment and machinery used are included in the Capital goods group and
had an important contribution percentage in the majority of the impact categories in all the
treatments.
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Fig. 7. Processes contribution to the most significant impact categories for No-tillage treatment

4. CONCLUSIONS

The objective of the second study was to compare the environmental profile of the different
agricultural practices in a crop rotation system used for biomass production. The Life Cycle Impact
Assessment (LCIA) in the characterisation phase presented the results of the analysis using primary
data of one year (including two successive crops; spring and winter crop). The main conclusions
emerged from this LCA study is summed up below:

e When the cropping system was analysed concerning inputs and outputs the fertilisation
was the main driver for environmental impacts followed by fuel consumption during the
biomass production for all the treatments

e When the different tillage practices were compared, RT Il S treatment presented the best
environmental performance compared to all the other tillage treatments in all the most
important impact categories

e When the mass based FU was used (1 kg DM), the monoculture single cotton crop had
higher environmental impact than the energy crops.

e When the area based FU was used (1 ha) No tillage treatment had the best environmental
performance in relation to the total CO2 emissions, between the two cropping systems, but
also presented better environmental performance among the tillage treatments of the
energy crop study in the most impact categories
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INEPIAHYH

Yy epyocio avt epappoctnke pebodoroyia mepiParlovrikng Avatvong Kokiov Zong (ELCA)
YL TNV OTOTIUNOT TOV OMOTLTOUOTOS GvOpako 4 cLOTNUATOV aryoTPoPaToTPOPiag To. Omoin
TPOPOJOTNOAV LE YaAL TNV 1010 YohakToBlopnyavia, pe kopa ypopu moapaymyns m @éta IIOIL. H
Aertovpyikn] povada opiotnke g 1 kg dopbmpévon yahaktog (g TPog TNV TEPIEKTIKOTNTA AlTOVS
Ko wpwteivng). To dvvapukd maykodopag vrepbéppavong (GWP1) ftav 0 oyetikdc deikng,
arotyunOnke pe t pébodo IPCC 2013 v. 1.03 ko Eexymplotd yio v Queon aAlayn xpnonsg yns
(GWP100, dLuc). T'la tn povtelomoinon ELCA, ypnoyomombnke to Aoyiopikod SimaProv. 8.5.2 PhD.
Q¢ amotédecua ™G avdivong, TpocsdlopioTnray ta onueia eotiaong Yoo 1o GWP tov 4 aivcidwv
TPOP0d0Giag kot culnTNONKaV o1 factkol TaPAYOVTEG dPOPOTOINGTG TOL OTLS OAVGIOES VTEC.

AéCeig kheroia: TepParioviiky AKZ, Anotdnopa dvBpaka, Aryorpofeto yora, @éta TTOIT

CARBON FOOTPRINT OF THE SHEEP & GOAT MILK USED FOR
INDUSTRIAL FETA CHEESE PRODUCTION IN GREECE

V. Anestis** ™, A. Vatsanidou®, T. Bartzanas>’& C. Kittas
YUniversity of Thessaly, Department of ACPRE, Fytokou Str., 38446, Volos
“Centre for Research & Technology Hellas (CERTH), Institute for Bio-economy & Agri-Technology
(IBO), Dimarchou Georgiadou 118, 38333, Volos
$Agricultural University of Athens, Department NRM & Ag.Eng.,lera Odos
75,11855,Athens,><lvanestis@agr.uth.gr

ABSTRACT

In this work, an attributional, ‘cradle-to-farm-gate’ ELCA was applied for the estimation of the
carbon footprint (CF) of 4 sheep and goat farming systems in Greece which supplied with raw milk
the same dairy industry, whose major production line was Feta cheese PDO. The functional unit (FU)
was defined equal to 1 kg of Fat and Protein Corrected Milk (FPCM). The IPCC 2013 v. 1.03
method was used for the CF estimation with Global Warming Potential (GWP1qo) being the relevant
indicator and separately presented for direct land use change (GWP1o gLuc). SimaPro v.8.5.2 PhD
software was used for the LCA modeling. As a result of this analysis, the GWP hotspots of the 4
supply chains were identified and the most important factors for the differentiation between the GWP
estimates were discussed.

Keywords: Environmental LCA, Carbon footprint, Sheep and goat milk, Feta cheese PDO
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1. INTRODUCTION

Farming of small ruminants is of special economic, social and environmental importance for
Mediterranean countries (Zygoyiannis, 2006). In the year 2017, Greece was the country with the
highest and the fourth highest annual produced quantity of dairy products from raw sheep milk and
raw goat milk collection in the EU, respectively (Eurostat, 2019). Around 90% of the raw sheep milk
delivered to dairies in Greece is used for highly-valued cheese products, with Feta cheese (Protected
Designation of Origin label, PDO) being the most important commercially (Gelasakis et al., 2012).

Due to its size, sheep and goat farming in Greece contributes around 32% of the total Greenhouse
Gas (GHG) emissions (considering only CH,4 emissions from the dairy farm) from the Primary
Sector in the country (UNFCCC, 2017). Improvement of the environmental performance of Greek
sheep and goat farming could be decisive for the improvement of its competitiveness, especially if
the importance of production systems’ eco-sustainability and climate change mitigation in the
European agenda is considered (Vagnoni et al., 2015). Estimation of the environmental impact of
sheep and goat milk production processes in Greece and taking action for its reduction are therefore
of paramount importance. To this purpose, an environmental Life Cycle Assessment (ELCA)
approach can be employed. ELCA due to its analytical power for assessing environmental impacts
holistically (at supply chain level) has been widely used for estimating the environmental
performance of dairy products (Notarnicola et al., 2017). Considering that the primary production
stage (agricultural and livestock production processes) has been suggested as the most relevant for
the environmental performance of the supply chain of dairy products from ewe’s milk (e.g. Vagnoni
et al., 2017), use of the ELCA method focusing on the dairy sheep and goat farm would be very
important as a first step for the environmental sustainability of Feta cheese production. Few research
studies on ELCA of sheep and goat milk production have been carried out for Mediterranean
countries (e.g. Gutiérrez-Pefia et al., 2019; Vagnoni et al., 2015; Vagnoni and Franca, 2018).
Moreover, Anestis et al. (2016) was the only ELCA research found to be published for Greek sheep
and goat dairy production systems to date.

The aim of this paper was to apply a partial ELCA method in order to estimate the carbon
footprint (CF) of selected sheep and goat farming systems in Greece which supplied with raw milk
the same dairy industry whose major production line was Feta cheese PDO. Moreover, hotspots in
the studied supply chains for this environmental impact category are identified and differences
between the CFs of the various systems are discussed.

2. MATERIALS AND METHODS
2.1 Description of dairy farming systems

Data was collected from four dairy sheep and goat farms from the network of the same dairy
industry (DELTA FOODS SA), for the year 2016. Two of them were sheep farms (DSF1; DSF2),
one was goat farm (DGF) and the last one reared both sheep and goats (DMF) and were located in
three different Regions of Greece. The produced quantity of the ewe and doe milk from these farms
was exclusively supplied to the dairy industry and Feta PDO cheese was its major product. The
farms’ selection was accomplished according to the dairy industry’s recommendations and
considering that they belonged to the group of farms with the highest annual raw milk delivery
(>25tn) and the availability and capability of farmers to provide the requested data. Table 1 presents
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important characteristics of the dairy farm systems and Table 2 their material and energy inputs and
manure management systems.

Table 1. Characteristics of the dairy sheep and goat farms (year 2016)

DSF1 DSF2 DGF DMF
Characteristics
Sheep Goats

Land

Pastures (ha) 7.0 0.0 10.0 26.5
Arable land (ha) 0.0 0.0 19.0 20.5°
Grazing land (ha) 7.0 0.0 15.0° 35.0*
Duration of grazing (days) 240.0 0.0 240.0 240.0

Livestock / products
Mature females (heads) 460.0 230.0 350.0 455.0 96.0
Mature females sold (kg/year) 0.0 0.0 660.0 3300.0 450.0
Surplus female lambs sold (kg/year) 1482.0 1495.9 606.0 1754.5 283.4
Mature males (heads) 14.0 9.0 20.0 12.0 4.0
Mature males sold (kg/year) 121.4 216.0 0.0 187.9 82.7
Surplus male lambs sold (kg/year) 3031.6 2693.3 1222.7 3399.3 671.6
Raw milk sold (kg FPCM/year) 83184.6  78756.9 29380.7 60978.2  14440.2
Raw fiber (kg/year) 300.0 156.2 43.0 600.0 13.0

! 2.5ha for maize; 11ha for wheat; 4ha for barley: 1.5ha for clover

2 Mature goats grazed the crop residues of clover, barley and wheat cultivations (land size of 5ha) as
well as the pasture land (10ha)

3 Bha for maize; 7ha for barley; 4ha for wheatgrass; 4.5ha for clover

* Mature sheep and goats grazed the crop residues of wheatgrass and clover (8.5ha) as well as the
pasture land (26.5ha)
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2.2 ELCA methodology

In this study, the attributional, partial ELCA is consistent with LEAP guidelines for small
ruminants (FAO, 2016a), which were developed in accordance with 1SO standards for LCA. The
functional unit (FU) was defined equal to 1 kg of Fat and Protein Corrected Milk (FPCM) (IDF,
2015) as suggested by Pulina et al. (2005) with the raw milk (RM) yield corrected at 6.5% fat (FC)
and 5.8% protein contents (PC):

FPCM (kg) = RM (kg) x [0.25 +0.085 x FC (%) + 0.035 x PC (%)] (1)

Table 2. Material and energy inputs and manure management systems of the dairy farms.

DSF1 DSF2 DGF DMF
Characteristics
Sheep Goats

Farm material and energy inputs

Concentrate feed 0.0/102.9 0.0/102.5 47.0/18.1 90.0/53.6 (S), 11.6
produced on-farm / (G)
purchased (t)

Roughage produced 0.0/137.1 0.0/149.8 21.0/48.2 32.3/132.7 (S), 25.4
on-farm / purchased (G)

(t)

Mineral fertilizers 0.0/0.0 0.0/0.0 640.0/210.0 0.0/0.0

(N) 7 (P20s)

(kg/year)

Pesticides (I/year) 0.0 0.0 1150.0 0.0

Diesel purchased 1500.0 0.0 2435.5 1623.7

(ka)

Electricity 18696.4 8000.0 9348.2 15580.4
consumption

(kWhlyear)

Management of manure excreted during housing

Deep litter; Deep litter; 100%  Solid storage;  Deep litter; 100% of

solid storage; of manure 100% of manure applied to
100% of supplied to manure applied the farm’s arable
manure applied neighboring farms  to the farm’s land
to grazing area arable land
S: Sheep, G: Goats
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The system boundaries were ‘cradle to farm gate’, including the processes associated with the
supply chains of market inputs (i.e. production of feed and bedding materials, mineral fertilizers and
pesticides for feed crop cultivation, fuels, water and electricity — background system) to the dairy
farms as well as the on-farm processes (i.e. in-house rations’ supply and grazing of the different
sheep and goat cohorts, feed crop cultivation, shearing and milking, sheep and goat manure
management — foreground system), resulting in the production of raw milk, animal live-weight and
raw fiber. All transport processes in the supply chains of market inputs to the dairy farms were
included. Supply of cleaning products, veterinary medicines and refrigerants for on-farm raw milk
cooling were excluded. Dairy farm buildings and machinery were also excluded. Soil carbon
sequestration in the natural grasslands and meadows grazed as well as by the feed crops was not
taken into consideration due to related primary data unavailability. The background system was
further divided to the following sub-systems: a) concentrates, b) roughages, c¢) agrochemicals, d) fuel
and e) electricity.

GHG emissions were estimated both during housing (enteric fermentation, on-farm manure
management (OFMM) and grazing (enteric fermentation and excreta deposition on pasture) of sheep
and goats. Emissions of CH,4 from sheep and goat enteric fermentation and from manure, as well as
direct and indirect N,O emissions from manure were estimated by using the respective IPCC Tier 2
methodologies (FAO, 2016a; IPCC, 2006a, 2006b). Direct and indirect N,O emissions were also
estimated for the case of N fertilizer application to the land for feed crop cultivation as well as for the
feed crop residues on an annual basis (Tier 1 methods, IPCC, 2006b). GHGs from diesel combustion
in agricultural machinery were estimated considering the annual diesel purchase, according to the
Tier 1 method of Winther et al. (2017).

Cereal grains, roughages and compound feeds were all domestically produced. Industrial feed
material (co-) products and inputs to the feed industry were all modeled as market mixes consisting
of both local produce and imports. Official data from FAOSTAT for Greece was employed to define
the country’s market mixes. Ecoinvent v.3.4, Agri-footprint v.4.0 and Agribalyse v. 1.3. datasets as
available in the SimaPro v. 8.5.2 PhD software (Pré, 2017) were used as a basis both for modeling
the production of the feed materials from producers at short distances from the dairy farms and
developing the market mix datasets. Local transport processes by truck were modelled by using the
respective Agri-footprint v.4.0 datasets. Modeling of the fertilizers and pesticides’ inputs to DGF
was also based on Ecoinvent v.3.4 datasets.

A biophysical approach which used the dietary energy requirements’ model for sheep and goats of
the IPCC (2006a) was used for allocating the environmental burden to the various co-products of the
dairy farms (i.e. raw milk, animal live-weight and raw wool), as suggested in FAO (2016a). An
economic allocation approach was generally used for the background processes of feed production as
recommended in FAO (2016b).

The IPCC 2013 v. 1.03 method as available in Pre (2017) was utilized for the estimation of the
CF. The Global Warming Potential over a time horizon of 100 years (GWP1q9) was the relevant
indicator and it was separately presented for direct land use change (GWP10o guc). Raw milk supply
chain modeling for the studied farms as well as the assessment of their CF and hot spots were also
performed by using Pre (2017).
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3. RESULTS AND DISCUSSION
3.1 Carbon footprint

In Table 3, the estimates for the two CF indicators (i.e. GWP150 and GWP1oo qLuc) are presented.
The range of the results for the systems studied was 2.68-4.02 and 0.09-0.50 kg CO,-eq/kg FPCM
for the GWP100 and GWP10, qLuc, respectively. Direct land use change was found to contribute less
to the total Climate Change (CC) potential of the system (max. 11.9% in DSF2), in all cases. From
the sheep producing farming systems, DSF2 was connected with the highest GWP estimates while
small differences were found for the total CC potential between DSF1 and DMF_sheep. On the other
hand, the GWP estimates of the DGF were the highest from the goat producing systems investigated.
Moreover, from the systems exclusively producing sheep and goats, DGF was associated with the
highest GWP150 while DSF2 with the highest total CC potential. In the DMF system, production of
doe milk was also found to be connected with higher GWP estimates than the production of ewe
milk.

Table 3. The CF estimates (kg CO,-eq/kg FPCM) of the dairy farms’ supply chains

Dairy Farm Supply Chains

CF indicator
DSF1 DSF2 DGF DMF _sheep DMF_goats
GWP100 2.68 3.70 4.02 2.89 3.44
GWP100, dLuc 0.21 0.50 0.14 0.09 0.12
Total CC 2.89 4.20 4.16 2.98 3.56

CC: Climate Change

In order to explain the aforementioned findings, the contribution of the various sub-systems to the
total GWP1 estimates was calculated and shown (Figure 1). The contribution of the dairy farm, feed
(concentrates and roughages) and bedding materials’ supply to the total GWP19o was more than 93%
in all the studied supply chains apart from the DGF (77.7%). In the latter supply chain, there was also
a significant contribution of agrochemicals’ supply (15.4%).

For all the studied systems, the dairy farm was found to be the largest contributor to the total
GWP1qo (from 47.11% in DSFL1 to 68.56% in DMF_goats). The contribution of the dairy farm sub-
system was increased in the farming systems with own-production (i.e. DGF and DMF) of cereal
grains (and straws) and clover in comparison to the DSF1 (no own-production of feed). The fact that
the dairy farm in DGF showed a lower contribution than in DSF2 and DMF can be explained by the
increased contribution of agrochemicals’ supply in this supply chain. Furthermore, the dairy farming
sub-system in DSF2 was associated with the largest GWP1qo estimate (2.36 kg CO,-eq/kg FPCM) in
comparison to the rest of the sheep producing supply chains and DSF1 with the lowest (1.26 kg CO,-
eq/kg FPCM). The dairy farming sub-systems in DGF and DMF_goats were found with similar
GWPyy estimates (2.41 and 2.36 kg CO,-eq/kg FPCM) and were potentially larger than the
respective estimates in the sheep producing supply chains.
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Figure 1. Contribution of the sub-systems to the total GWP1qo estimates.

As expected, the contribution of concentrate feed supply in DSF1 and DSF2 (non-feed producing
farms) was larger than in DGF and DMF (feed producing farms). The GWP;qo for concentrate feed
supply was more than double in the DSF1 (0.77 kg CO,-eq/kg FPCM) and DSF2 (0.66 kg CO,-eq/kg
FPCM) supply chains than in the DMF_sheep. Small differences were found in the GWPyyo for
concentrate feed supply between the DGF (0.33 kg CO,-eq/kg FPCM) and the DMF_goats (0.38 kg
CO,-eq/kg FPCM).

In addition, the contribution of roughage feed and bedding materials’ supply was found similar in
all systems except for DGF, again mostly due to the increased contribution of agrochemicals in this
system. Small differences were observed between the GWP1go estimates for roughage feed and
bedding materials’ supply of the DSF1 (0.47 kg CO,-eq/kg FPCM) and DMF_sheep (0.51 kg CO»-
eq/kg FPCM) systems while the estimate for DSF2 was larger (0.60 kg CO;-eq/kg FPCM). The
GWPq of the roughage feed and bedding materials’ supply was 31% larger in the DMF_goats than
in the DGF (0.56 vs. 0.39 kg CO,-eq/kg FPCM).

Diesel and water from local network seemed to be less important contributors to the total GWP1go
and possibly less responsible for its differences between the studied supply chains.

Furthermore, in all the studied supply chains, the concentrate feed supply sub-system was
responsible for more than 98% of the total GWP1qo g uc estimate.

3.2 Carbon footprint hot spots

The hot spots of the supply chains are defined as the processes emitting GHGs and whose sum of
contributions to the to the total CF indicator is 80% or more (European Commission, 2018). The
identified on-farm and off-farm most contributing processes (grouped) for the GWP1q indicator are
summarized in Figure 2.
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Figure 2. The GWP1g hot spots (y-axis) and their estimates (x-axis).

CH, emission from animals’ enteric fermentation was found as the most important contributor to
the total GWP1qq in all systems. Furthermore, Figure 2 illustrates that the management of the manure
excreted at house (due to both direct and indirect N,O emissions and CH, emission), the manure
application to the farm’s croplands (and grazing lands) (due to direct and indirect N,O emissions),
the domestic cultivation of crops for roughage feed and bedding material supply (mostly due to N,O
emissions from all sources of N input to soil) and the domestic high voltage electricity production
processes (mostly due to CO, emissions from lignite combustion) seem to be the rest of the processes
of high importance for the majority of the systems studied. The largest electricity consumers were
found to be the dairy farm, the drying of domestically produced cereal grains and the irrigation in the
domestic cultivation of cereals. It should be noticed that manure application to soil was considered
out of the system boundaries for DSF2. Moreover, the supply of synthetic fertilizers and pesticides in
DGF caused an increased contribution of foreign industrial production processes (e.g. CO, emissions
due to liquid ammonia and N,O emissions due to nitric acid solution production). Finally, the
domestic cultivation of crops for concentrate feed supply (mostly due to N,O emissions from all
sources of N input to soil) is a hot spot for DSF1, DSF2 and DGF but not for DMF with the
contribution being decreased for DGF. This could be explained from the on-farm feed crop
production taking place in DGF and DMF.

Regarding GWP10, qLuc, three processes could be characterized as hot spots for all the supply
chains: a) the clear-cutting of primary forest for annual cropland tenure in Brazil, b) the clear-cutting
of secondary forest for annual cropland tenure in Argentina and c) the foreign cultivation of soybean
as modelled for the rest of the world (i.e. for all countries except for Argentina, Brazil, Canada-
Quebec, Switzerland and United States according to Ecoinvent v. 3.4 database (Pré, 2017)). These
were all associated to CO, emission and to the soybean cultivation upstream to the soybean meal
supply to the domestic Feed Industry.
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3.3 Differentiation in the CF estimates

Ewe milk production. Figure 2 shows that the GWPio, estimates with the largest potential
differences between the ewe milk producing systems were connected to the management system of
the manure excreted during housing (OFMM), with DSF2 receiving larger values than DSF1 (7-fold
difference) and DMF_sheep (66.5% difference) and DMF_sheep larger values than DSF1 (4-fold
difference). Moreover, the GWP;q, estimate due to sheep enteric fermentation in DSF2 was 40.7%
and 36.7% larger than DSF1 and DMF_sheep, respectively. Thus, OFMM and sheep enteric
fermentation seem to be the major factors determining the degree of differentiation between the total
GWP1q estimates of the ewe milk producing supply chains. More specifically, the difference in CH,4
emission from the OFMM mostly determined this differentiation between DSF1, DSF2 and
DMF_sheep, with the larger methane conversion factor for the deep bedding systems in DSF2 and
DMF_sheep (due to the farms’ average annual temperature conditions and the period that the litter is
stored within the house (IPCC, 2006a)) comprising the main reason for this difference. Between
DSF1, DSF2 and DMF_sheep, the larger annual Gross Energy Intake per adult ewe due to their
ration supply in DSF2 seems to be the basic reason explaining the larger GWP1q, estimate due to
sheep enteric fermentation in this system.

Doe milk production. Although there are differences worthy of noticing between the GWP1go of
goats’ enteric fermentation, the OFMM and the diesel combustion of on-farm agricultural operations
for the DGF and DMF_goats supply chains (Figure 2), a counteraction seems to take place resulting
in a similar GWPy for the dairy farm sub-system. This leaves the agrochemicals’ supply (for the on-
fam feed crop cultivation processes) in the dairy farm of the DGF system the main responsible factor
for its larger total GWP1qo estimate in comparison to the DMF_goats system.

Ewe vs. doe milk production. For the DMF system, Figure 2 shows that the differences in the
GWPy of animals’ enteric fermentation and OFMM were mainly responsible for the higher total
GWPyy in the DMF_goats than in DMF_sheep. The higher CH; and N,O emissions of the
DMF_goats associated to these processes per kg FPCM can be basically attributed to the larger
allocation factor of the environmental burden which is connected to the sold FPCM in the
DMF_goats system. In addition, for the systems exclusively producing either ewe or doe milk, the
higher total GWP19o of DGF in comparison to the DSF1 was associated with higher GWP1o due to:
a) CH,4 from enteric fermentation, b) N,O from manure application to soil and c) CO, emission from
diesel consumption in the farm’s agricultural machinery. The aforementioned hold as a result of the
lower annual CH,4 and N2O emissions and the lower annual quantity of the FPCM sold in the DGF.
On the other hand, the annual quantity of the diesel combusted was higher in the DGF. The supply of
fertilizers and pesticides for feed crop production in the DGF was another important factor to this
differentiation. Moreover, the similarity in the GWP1qo of the dairy farm sub-systems of DSF2 and
DGF came as a consequence of the counteraction of the differences in the GWP1qo of all on-farm hot
spots (larger in DGF) with the difference in the GWP19o of manure handling (larger in DSF2). This
leaves the supply of agrochemicals as the major responsible factor for the larger total GWP1go in the
DGF supply chain.

Direct land use change. The differences in the total GWP1q0, gLuc estimates of the studied supply
chains clearly reflect the degree of dependence of sheep and goat diets on soybean meal with DSF2
being the most dependent and followed by DSF1.
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4. CONCLUSIONS

The results suggested that the milk delivered by the most intensive sheep farm (i.e. DSF2) was
associated with the highest CF indicators’ estimates from the sheep rearing systems while DGF with
the highest from the goat rearing systems. Direct LUC was found to contribute less to the total CC
potential in all the supply chains and its contribution was mainly dependent on the existence of
soybean meal in the sheep and goats’ diets. In all the studied systems, the ruminants’ enteric
fermentation process was the most important contributor to the total GWP10. Emissions of CH,4 from
the OFMM and sheep enteric fermentation were the major factors for the differentiation between the
total GWP;qo estimates of the ewe milk supply chains. The supply of agrochemicals (for the on-fam
feed crop cultivation processes) in the DGF system was the main responsible factor for the respective
differentiation between the doe milk supply chains as well as between the supply chains with the
highest CC potential (i.e. DGF, DSF2).
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