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Etopwkn Kowwvikrp Evbovn: Ot aviidqyelg tov KoTovolotdy yio
T1G TEPPOUANOVTIKEG TTPOKTIKEG TMV EMYEPNCEDV

2tavpomoviov, A., Kootdkng, L., Yapdiavov, E.

Xapoxonero [avemoto

Social responsibility and environmental management policies in
higher education

Sepetis A." and Rizos F.?

" General Hospitals of Lamia, Technological Institute of Athens
? University of Piraeus

Environmental policy and CSR: How climate change is interpreted in
CSR reports of Greek companies

Metaxas T' and Tsavdaridou M.

! University of Thessaly Department of Economics

? University of Thessaly Department of Planning and Regional
Development

From Green Policy to Results in Greece- The Response of Greek

Firms to the National Call for Boosting Green Entrepreneurship
Markatou M.
University of Thessaly, Unit for Innovation and Entrepreneurship

>vinmon

1° Havelivio Zovédpro Owovopkng tov ductkmv [Topmv kat Tov IepiBdilovtog:
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3" Xvvedpios: 14:30-16:35 Apg0satpo
Ogpoaticn: [Tocotikéc MéBooor Owovopukng Puoikav [Mopwv
kot [eppairovtoc I
IIposgdpia: K. Mérrog
14:30 — 14:50 Learning the Dynamics of Climate Change: An Experimental
Analysis

Nastis S. and Mattas K.
Aristotle University of Thessaloniki School of Agriculture
Department of Agricultural Economics

14:50-15:10 On the dynamic linkages between CO, emissions, energy
consumption and growth in Greece
Katrakilidis C., Kyritsis 1., and Patsika V.
Aristotle University of Thessaloniki

15:10-15:30 Confidence intervals for percentiles in stationary ARMA processes:
An application using environmental data
Halkos G. and Kevork 1.
Laboratory of Operations Research, Department of Economics
University of Thessaly

15:30-15:50 Exploring climate change issues related to water resources and
agriculture in Cyprus, employing a Delphi type method
Markou M.", Michailidis A.%, Loizou E.> and Mattas K.?
! Agricultural Research Institute, Nicosia, Cyprus
? Aristotle University of Thessaloniki, Thessaloniki, Greece,
3 Technological Educational Institution of Western Macedonia

15:50-16:10 Climate Change Policy under Spatially Structured Ambiguity: Hot
Spots and the Precautionary Principle
Xepapadeas A. and Yannacopoulos A.
Department of International and European Economic Studies and
Department of Statistics, Athens University of Economics and
Business

16:10-16:35 >vinmon

1° Havelivio Zovédpro Owovopkng tov ductkmv [Topmv kat Tov IepiBdilovtog:
Khpotwikn AAloyn, Borog 26-27 Moptiov 2014
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IVECON 2014
4" Yuvedpio: 17:05-19:10 ApeOéatpo
OgpoTikn: Aotk ko [eprpepetakn Avdmntoén - Iepipallov
Iposgopia: N. TCepepéc
17:05-17:25 Population, economic growth and regional environmental
performance: A conditional range directional distance function
approach

Halkos G. and Tzeremes N.
Laboratory of Operations Research, Department of Economics,
University of Thessaly

17:25-17:45 H Aoctikonoinon omv AvatoAtkry Mecoyelo Kot ot EmOPAcELS TNG
TNV OTHOGPALPIKT PUTOVGT, TO KA Kot To otkocvotnuo: H
nepintwon tov Agkavonediov ATTIKNG
2o@iov @.1., [Marnakwvotavtivov A., Kacoidg K.
EBvik6 Metoofro Tlohvteyveio, Zyodn Aypovopwv Tomoyplhewmv
Mnyovikov,

17:45-18:05 Evpomaixkny kot EAnvikr;  [odtiky Buwowng  Aotikig
Kwnrcomrag kan Agikteg Aotikng Agipopiog
Cordvng A. xor HAo0 N.
[Moavemomuio Oecoariog, Tunpa [Moltikdv Mnyovikdv

18:05-18:25 Tpoywdia 1 gvkaipio; ZntHpoto Sloyeiptong TV VITOYEL®Y VIATOV
ot Oeccolia.
ApBovitiong I1. kot Nacioka P.
Tuqua Owovopkdv Ememuav, HMavemiotpuio Oeccaiiog

18:25-18:45 A multilevel analysis of the determinants of individual well-being in
European countries
Economou A. and Raptis A.
Department of Economics, University of Thessaly

18:45-19:10 >vinmon

1° Havelivio Zovédpro Owovopkng tov ductkmv [Topmv kat Tov IepiBdilovtog:
Khpotwikn AAloyn, Borog 26-27 Moptiov 2014
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5" Tovedpio: 17:05-19:10 Aifovoo 4
Ogpotikn: [Tpaoivn Owovopia, Biooiudtra, Kawvotopio
IIposgopia: K. Evayyehvog - 1. Nucordov
17:05-17:25 Exploring organizational accountability in relation to climate

change: Where do Greek corporations stand?

Skouloudis A.', Malesios Ch.? and Evangelinos K.

! Centre for Environmental Policy and Strategic Environmental
Management, Department of Environment, University of the Aegean
? Department of Agricultural Development, Democritus University of
Thrace

17:25-17:45 The Sustainable (Eco) Innovation Output in the OECD Area: a Patent
Analysis
Markatou M.' and Stamboulis Y.?
"'University of Thessaly, Unit for Innovation and Entrepreneurship
? University of Thessaly, Department of Economics- Unit for
Innovation and Entrepreneurship

17:45-18:05 Regional sustainability efficiency indexes in Europe: An additive
two-stage DEA approach
Halkos G., Tzeremes N., Kourtzidis S.
Laboratory of Operations Research, Department of Economics,
University of Thessaly

18:05-18:25 Environmental policies and eco-innovation
Georgatzi V' and Stamboulis Y?
! Economist, MSc
? Department of Economics, University of Thessaly

18:25-18:45 Sustainable Future Eco Landmarks: I[Tpétumn epappoyn Agipopog
AvanTuENnG e eMIKEVTPO TOMTIOTIKO TOTOOTLO TEPLOYNS
Avdpedmoviog A.
M.Ed., ocoppoviog Asipopoc Avantuéng, Sustainable Future Eco
Landmarks instigator; METIS Accredited Observer to UNFCCC;
UNESCO Task Force.

18:45-19:10 >vinmon

1° Havelivio Zovédpro Owovopkng tov ductkmv [Topmv kat Tov IepiBdilovtog:
Khpotwikn AAloyn, Borog 26-27 Moptiov 2014
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IHépunty 27 Maptiov 2014

6" Xuvedpia: 9:00-10:40 Apgr0éaTpo

OgpoTikn:

Ipoedpia:

Owovopukn Avantoén kot HepBailov:
KApotuay AAloyn

A. AvoxovAdxm

09:00-09:20

09:20-09:40

09:40-10:00

10:00- 10:20

10:20-10:40

Owovopukn avamtuén kot epiPaiiov:

Ioyver n vrdBeon ¢ mepPariovtikng kapmvAing Kuznets;
Xaikog I

Laboratory of Operations Research, Department of Economics,
University of Thessaly

Exploring the Energy-Growth link by investigating E-GDP causal
relationship and decoupling estimations: the cases of USA and China
Kalimeris P., Bithas K., Richardson C.

Institute of Urban Environment & Human Resources, Department of
Economic and Regional Development, Panteion University,

Epunvevtikoi mapdyovteg g petafoing towv ekmopndv CO, otnv
Evponaikn Evoon mpv Kot LETA TNV OIKOVOUIKY| Kpion
AwokovAdxn A., Komidov A.

EBvikd Metodfio [ToAvteyveio, Zyorn Xnukdv Mnyovikov
Epyaotpro. Biopnyavikng & Evepysiaxng Owovopiag

Environmental Management Systems in SMEs — The Impact of
Economic Crisis

Nikolaou I.', Daktyla M." and Evangelinos K.

! Department of Environmental Engineering, Democritus University
of Thrace.

* Department of Environmental Studies, University of the Aegean.

Xvinmon

1° Havelivio Zovédpro Owovopkng tov ductkmv [Topmv kat Tov IepiBdilovtog:
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7" Xovedpios: 11:10-13:15 AperOatpo
OgpoTiki: Owovopuxn A&ordynon IepidAiovtog
IIposcdpia: M. Xxovptog
11:10-11:30 The impact of social capital on willingness-to-pay for hard

engineered coastal defenses in south-east England

Jones N.", Clark J.R.A %, Malesios Ch.’, Evangelinos K.*

' Open University * University of Birmingham ° Democritus
University of Thrace * University of the Aegean

11:30-11:50 Implementing the European Water Framework Directive in Greece:
An Integrated Socio-Economic Approach and Remaining Obstacles
Koundouri P' and Dévila 0.G.
! Athens University of Economics and Business
? University of London

11:50-12:10 A Real Option framework towards analyzing coastal protection to sea
level rise
Damigos D.', Kontogianni A.%, Tourkolias Ch.*, Skourtos M.,
Andreadis O.*, Velegrakis A.*
! National Technical University of Athens > University of Western
Macedonia * Agricultural University of Athens
# University of Aegean, Department of Marine Science

12:10-12:30 The value of scientific information on climate change: a choice
experiment on Rokua esker, Finland
Koundouri P.', Kougea E.", Stithou M.", Alaaho P.”>, Eskelinen R.”,
Karjalainen T,P.%, Klove B., Pulido-Velazquez M., Reinikainen K.*
and Rossi P.M.>
'Athens University of Economics and Business > University of Oulu,
Finland; * Universitat Polite cnica de Valencia, Spain;
*Poyry Finland

12:30-12:50 On the Use of Quadratic Trends in Natural Resource Prices
Modelling
Antypas A.", Koundouri P.% Kourogenis N.'
! University of Piracus * Athens University of Economics and
Business

12:50-13:15 Yvinmon

1° Havelivio Zovédpro Owovopkng tov ductkmv [Topmv kat Tov IepiBdilovtog:
Khpotwikn AAloyn, Borog 26-27 Moptiov 2014
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8" Xuvedpia: 14:30-16:30 ApeOcatpo

Ogpotikn: [Tocotwkéc MéBodor Owovopukng Pvoikav [Mopwv
kot [epipdrirovioc 11

IIposgdpia: I'. Xdhkog

14:30-14:50 Managing environmental services as a renewable resource
Halkos G. and Papageorgiou G.
Laboratory of Operations Research, Department of Economics,
University of Thessaly

14:50-15:10 Regulating climate change using geoengineering methods when
countries are heterogeneous
Manousi V. and Xepapadeas A.
Athens University of Economics and Business,
Department of International and European Economic Studies

15:10-15:30 Managing Local Commons: Fairness vs Stability for the Management
of Mediterranean Tuna
Koutsouba K. and Kampas A.
Department of Agricultural Economics and Rural Development,
Agricultural University of Athens,

15:30-15:50 Using a general equilibrium model to evaluate first mover advantage
in climate policy
Karkatsoulis P., Paroussos L., Fragkos P. and Capros P.
E3MLab at National Technical University of Athens

15:50-16:10 A regional model for analysis and visualization of the synergistic
impact mechanism of climate related costs
Halkos G. and Tsilika K.
Laboratory of Operations Research, Department of Economics,
University of Thessaly

16:10-16:30 >vinmon

1° Havelivio Zovédpro Owovopkng tov ductkmv [Topmv kat Tov IepiBdilovtog:
Khpotwikn AAloyn, Borog 26-27 Moptiov 2014
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9" Yuvedpio: 14:30-16:15 AiBoveca 4
Ogpotikn: Bidowpog Tovpiopds - Bromokildtto
Ipoedpia: 2. Motoiopn
14:30-14:50 Integrating visitors’ motivations for planning tourism events: An

empirical research

Ekonomou G., Neofitou C. and Matsiori S.

Department of Ichthyology and Aquatic Environment, University of
Thessaly

14:50-15:10 KAMpotikn aAdayr| Kot o1 ETMIATOCELS TNG G€ TOPAKTIONG TPOOPIGHOVGS
palikov Tovpiopob ot Mecsoyeio
Adiroc N., Kootomoviov 2.
Topéag Avamtvéng kot Ipoypappatiopod, Tunuo Owovopukmy
Emotuov, Apiototédeto Tavemotipuo O@eccorovikng

15:10-15:30 H gvucioroyia dtatipnong og «epyaieion ektiunong Kivdhvov tmv
BoLAco1OV OPYOVIGUOV AOY® EMIOPAONS TNG KAMUATIKNG OAAOYNG
MuyonAiong B.
Epyaotpio ®vcroloyiog Zowv, Tuqua Broloyiog, Xyoln Ostikmdv
Emotuov, Apiototéieto [avemotuo @eccorovikng

15:30-15:50 [Ipocdioptopog TapaydvImv amdd00oT g OIKOVOUKNG a&lag ot
Boldooia frorotkildtnTo
Matsiori S., Varsamoudi P., Exadactylos A., Vafidis D.
Department of Ichthyology and Aquatic Environment, School of
Agricultural Sciences University of Thessaly

15:50-16:15 >vinmon

1° Havelivio Zovédpro Owovopkng tov ductkmv [Topmv kat Tov IepiBdilovtog:
Khpotwikn AAloyn, Borog 26-27 Moptiov 2014
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10" Xvvedpia: 16:45-18:45 Apeatpo
OgpoTiki: [Tep1Parrovtikd TTpoPAnuata:
Amnotedéopata Epevvnrikav [poypapupdtwv
IIposgdpia: I'. Xdhkog
16:45-17:05 An analysis of long-term scenarios for the transition to renewable

energy in Greece

Halkos G., Galani G. and Tzeremes P.

Laboratory of Operations Research, Department of Economics,
University of Thessaly

17:05-17:25 Development and evaluation of Mitigation/Adaptation
policy portfolios in countries with emerging economies
PROMITHEAS — 4 project results
Mavraki E-D and Flessa A.
Energy Policy and Development Centre (KEPA), National and
Kapodistrian University of Athesn

17:25-17:45 AvEAVoN GLYKEVTPOGE®V OOPOVUEVOV cOMHOTIOIOV PM o KAT
PM, 5 otnv mteproyn tov BoAov katd ) Oepivi ko xeyepvi mepiodo
2011-2012 oto mhaioto tov mpoypdppotog LIFE + ACEPT-AIR
Hporog I, Kovykohog A.', TToadlog X." ko Eevfepradng K.
'Movemomuo Osocaliog, IToAvteyvichy Tyodn, Tunue Mnyovikédv
Xwpota&iog [Toreodopiag, Xwpota&iog kot [epipepeiaxng
Avantuéng
2 EKE®E Anpéxprrog, Epyaotipo Meppériovroc kat Padievépytag,
Ivotitovto IMupnvikng Texvoroyiag kot AktivoBoiiog
Tevikd Tunpa Mabnpatikov, TEI [epod

17:45-18:05 Generalizing Pollution Social Cost
Halkos G. and Kitsou D.
Laboratory of Operations Research, Department of Economics
University of Thessaly

18:05-18:25 The effect of economic growth and government expenditure on the
environment: evidence using distributed lag models
Halkos G. and Paizanos E.
Laboratory of Operations Research, Department of Economics,
University of Thessaly

18:25-18:45 Xvinmon

1° Havelivio Zovédpro Owovopkng tov ductkmv [Topmv kat Tov IepiBdilovtog:
Khpotwikn AAloyn, Borog 26-27 Moptiov 2014
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11" Xovedpia: 16:45-18:25 Aifovca 4
Ogpotikn: Biooipec Metagpopég
IIposgopia: H. KeBopk
16:45-17:05 Climate change, environmental effects of transport modes and

transportation planning
Profillidis V.and Botzoris G.
Democritus University of Thrace, Department of Civil Engineering

17:05-17:25 Sustainable Transportation and Development: A preventing weapon
against Climate Change
Stergiadou A.
Aristotle University of Thessaloniki Faculty of Agriculture, Forestry
& Natural Environment

17:25-17:45 Sustainable Transportation Planning and Traffic Noise reduction in
Urban Built Environment
Galanis A.", Botzoris G.” and Eliou N.!
""University of Thessaly, Department of Civil Engineering
? Democritus University of Thrace, Department of Civil Engineering

17:45-18:05 OwovoKoTeYVIKOl Tapdyovies Tov Ennpealovy ta £pyo S1ivolEng
TOV dAGOLE GTNV OPEVT TEPLOYN TOL MeTcdfov pe okomd ™ Prdoyn
avamtoén g
Tounékne X.
Tunpa Mnyoavikov Xmpota&iog [ToAeodopiog kot [eprpepetoxng
Avantuéng, [ToAvteyvikn ZyoAn, [Tavemotiwo Oeococaiiog

18:05-18:25 >vinmon

1° Havelivio Zovédpro Owovopkng tov ductkmv [Topmv kat Tov IepiBdilovtog:
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2XYNOYH IIPAKTIKQN

To mpdypappa tov cvvedpiov amoterovvtay amd 11 cvvedpieg mov Erafav yopo
ot aibovoeg dwaokariog tov Tunuotog Owovopkdv Emommuov tov [Havemomuiov
Oeocarioc. Ov 11 Bgpotikég evOTNTEG MOV TOPOVOIACTNKAY aPopovsav TNV Extiunon
[TeptBarroviikdv Emmtdoewv, tic Emyeipmoelg ko to [lepiBdirov: Etopikn Kowvovikn
Evbovn, mig Ilocotikég MebBddovg Owkovoukng tov Ouvowkov Ilopov kot Tov
[TepiBarirovtoc, v Acotikn ko [lepipepelaxn Avéamtuén oe oyéon pe to [epifairov, v
[Ipdoivn Owovopia, t Biooyomta kot v Kawvotopia, tnv Owovopukn Meyébovvon kat
to Ilepipdrrov, v Owovoukny A&ordynon tov Ilepipdirovtog, T Ocwpia [Horyviov, To
Bioowywo Tovpiopd, ™ Bromowidomta kabBbdg kot to  omoteAEoUATO  KOATOL®V
[TeptBarroviikddv  Epevvntikov ITlpoypoppdtov petad tov omoiwv Kot avtd TOL
gpeuvnTikov poypappotog XYNEPT'AXZIA 2011 kou tov €pyov 11SYN-8-118.

YT0. TPOKTIKG TOV oLVESPIOL cvumepieAneOnkov 45 pelétec. Ov mpodTEG TMEVTE
EPYOCIEC TOV TPOKTIKOV TOV GULVESIPIOVL TAPOLGIALOVV TO OTOTEAEGHLOTO SLOPOP®V
EPELVVNTIKOV TPOYPOUUATOV OYETIKOV HE TNV  OVIIUETOTION TOV TEPIPAALOVTIK®OV
npofinuatov. H 1" gpyacio tov Xdikov, Tordvn . kor Tlepeué 1. mopovoidlet pia
EKTEVI OVOAVLOTN TOV UOKPOYPOVIOV GEVOPIOV LETAPOONG GE YPNOT OVOVEDCIU®V TIY®V
evépyelog oty EAMGOo amd T0 omOTEAEGHOTO  TOL  EPELVNTIKOV TPOYPALUOTOG
YYNEPI'AZIA 2011 kot tov épyov 11SYN-8-118 pe titho «Zevapio EKTOUTOV TOV aEPiOV
oV Beppoknmiov Kol TOMTIKEG KATOTOAEUNONG TOVg péEYpL To €tog 2030, oTovg TOpElS TG
Evépyelog, tov Metagopdv kot g Bloumyoviog otnv EAAGSo». H 2" epyoacio tov
Movpaxkn E.A. xou ®PrAécoa A. mapovctdler T AMOTEAEGUOTA TOVL  EPELVNTIKOV
npoypappatog PROMITHEAS-4 divovtog Paputnto otnv avamntuén kot eKTipnon tov
TOMTIK®OV EAEYYOV KO TPOCUPHUOYNG KOl AVUOEIKVOOVTAG TIG OVAYKES GE YVMGELG, TOGO GTO
eninedo TV TOMTIK®V, 060 Kol 610 eminedo ¢ vrootipiEng tovg. H 3" pedétn tov
[Mpoia, Kovykoiov, I[ToAvlov kot EAevBepiadn moapovoidlel to omoteAéopato ToV
LETPNOEMV OV £ytvay oTo TAaiola Tov Tpoypdappatog IeptParrovtikng Ilohrtikng Life+
ACEPT-AIR and 10 Zentépppio tov 2009. Zvykekptluéva avoADOVIol Ol GUYKEVIPMOOELS
alwpovuevov copatdiov PM;y KAI PM;s otv mepioynq tov Bolov katd ™ Bepvi ko
yewepwvn mepiodo 2011-2012 kot pe mpoomabelo. GUYKPIONG LE OVTIOTOLYO OTOTEAEGLLOTOL
AV peEAeT@OV TG dtebBvovg PiAtoypapiag Yo dAieg Teproyés. Ot tedevtaiec 000 epyacieg
éywov oto mhaicta tov HPAKAEITOZ. Zvykekpéva, n 4" gpyacia tov Xdikov Kot
Kitoov A. mapéyel g yevikeuorn Tov avapevVOUEVOD KOWVOVIKOU KOGTOLG TNG PUTOVONG
EMIKEVIPAOVOVTOG OTI YEVIKN] TOL HOPEN OAAG Kou oOTn ¥pNon OpOpOV GLVOPTNCEDV
mokvotnrog mhavotntac. Opoing 1 5" epyacia tov Xdikov kot [oulavov Pacildouevn oe
VTOOEIYHOTO KATOVEUNUEVOV YPOVIKDY VOTEPNGEWV EEETALEL TNV EMOPACT] TNG OLKOVOUIKNG
pey€0vvong kat Tov KuBepyNTIKOV damavdv 6To TEPIPAALOV.

1° Havelivio Zovédpro Owovopkng tov ductkmv [Topmv kat Tov IepiBdilovtog:
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Ot endpeveg TE60EPEIC HEAETEG ALGYOAOVVTOL LE TNV OIKOVOMIKY] OVATTLUEN KOl TO
nepdAlov pe uepacn oty khpotiky aAloy. H 6" pekérn tov I'. XdAkov anovid 6to
epOTUHO av woyvel N vadbeon ¢ mepParioviikng KoumoAng Kuznets e&nydvrtag tnv
évvola ¢ vdbeong avtng. Me T ypnon KaTdAANA®Y OIKOVOUETPIKOV HEBOS®V avaAvong
panel 6edopévov eetaletan epnelpikd n oxéon ekmounmv CO,/c kou AEIT/c deiyvovtag ot
N vmopén etepoyévelag PETaEd TOV YOP®OV OmOITEL TPOCEKTIKN LTOOELYUATOTOINOT KOl
V1000ETNON KOTAAANA®V TOMTIKOV AVTILETOTIONG TV TEPBOALOVTIKOV TpofAnudtov. H 71
epyacio tov Kainuépn, Mribo kow Richardson e€epevvel gumelpikd tnv oautiddn oyéon
evépyelag-olkovoukng peyébovong otig mepumtooels tov HITA ko g Kivag. TMa to
oKomd avtd Yyivetol piol 10TOPIKT OVOOPOUN| Yo TIG VO OVTEG YDPEG GE OYECN UE TNV
EUMEPIKN LIOOTNPLEN TNG dlEPEDVNONG VIOPENG aUTIOOOVS GYEONC UETAED EVEPYELOKNG
ypnong kou AEIT oe cuvepyacio pe TV EKTIUNGT TOV OMOTEAEGUOTOC OTOGVVOESNG TNG
gvepyelokn évroong ovd povado AEIT xat tov exkmopmdv CO, avé povada AEIL H 8"
perétn tov Atokovidkn kot Komidov &£etdlel TOvg €PUNVELTIKOVG TOPAYOVTEG TNG
petafoing tov ekmoundv CO; oty Evpomaikn ‘Evoon mpv Kot HETd TV OKOVOLIKN
kpion. To eumepikd amoteAécpata deiyvouv pio TopdmAevpn apvnTikny emidpacn g
VOECNC OTNV ONMOTEAECUATIKY] ¥PNoN TOL TEPPAAAOVTOG VTOSNADVOVTOG ONUOVTIKN
avaoTPOPN TNG GLUPBOANG TOV JPOPOV ETEENYNUATIKOV TUPAUETP®V GTNV TEPI000 UETA
mv okovouikt] kpion. H 9" epyacio twv Nikoddov, Aaktoro kot Evayyehivod eravektind
TNV EMOPOCN TNG OWKOVOMIKN KPIoNG o010 CLGTHWATO TEPPOAAOVTIKNG OlaXEIpIonNg oTIg
pikpopecoiec emyelpnocls. Bacel mpmToyeEvoNs €peuvag, To EUTMEPIKO OTOTEAECUATO
Jelyvouv OTL v Kot 1) OIKOVOUIKT Kpion UTOpEl Vo KAVEL KATOEG EMIYEPNOELS ampobupeg
oV viobétnon ocvoTudTov TEPIPOALOVTIKNG Oloyeiptong, mopd TOoOTA 1) TPEYOLOH
neptPaAilovtikny vopobesio pmopel vo 1GOPPOTNGEL LT TV TACN Kol Vo TPpowdnoel v
EQOPLOYN TOVG.

O1 emdueveg evvéa epyacieg aoyorovvtar pe tn xpnon Ilocotikdv Mebddwv otnv
Owovoukn tov ducikdv ITopov kot tov Iepifdirovtog. H 10" pedétn tov Naotn kot
Mdrtto aoyoAeiTonl TEPOUOTIKG pHe TNV eKpadnom kot emeénynon g OLVOUIKNG NG
KMUATIKNAG aAlayng Kot pe tn fondeta evog Suvapikod TPOGOUOIMTH KALLOTIKNG oAANYNG
(Dynamic Climate Change Simulator) mov &ivoar por amAoOGTELGN TOL TOAVTAOKOV
KMUATIKOO GVOTHUATOG 6T0 Bacikd cuotatikd TG cvykévipwong CO,, Tov avpomoyevedv
eknound@v CO, kat 611 Quoiky amoppoenon CO, oty atpdopapa. H 11" epyocio tov
KatpaxvAion, Kvpiton kot [Madtoka, Bacel etnoiwv otoyeiov yio v tepiodo 1960-2012
KOL TN XPNON OWKOVOUETPIKOV HEDOd®V, AGYOAEITOL HE TIC SUVOUIKEG OLTIMOEL KOl L)
oyxéoelg petald exmounmv CO,, evepyELOKNG KATOVAAMONG Kol LEYEBUVONG OTN YOPO LOGC.

H 12" epyaoia tov Kefopk kar XaAkov mapovctdlel To SIucTAUATO EUTIGTOCOVNG
TOV EKOTOGTNUOPIOV OTNV TEPINTTOON oG otdotung dadtkaciog ARMA kot pe epappoyn
otig etnoteg ekmounég CO, yio T povikn mepiodo 1960-2012. H 13" epyasio twv Mdapkov,
MuyonAidn, Aoilov kot Mdtta e€epevvd OEpOTO OXETIKA PE TNV KAUOTIKY 0AAOYT) KO TOVG
vddTIVoug TOPOLG Kot TN yewpyio otnv Kompo. Avtd emtvuyydvetor pe ) Ponbewa g
neBdO0v TG VIOBETIKNG OyOpas Yo TNV ATOTIUNGN TOL TEPPAAALOVTOC KO TNV EKTIUNON
™¢ Tpobuuiag TANpoung kabmg Kot g pebddov Delphi.
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Ot endueveg epyaocieg emkevipdvoviol ot Ocwpio [aryviov. H 14" gpyacia tov
Xaikov kou Ilomayewpylov peAetd T Suvopkn g pomavong Kot v mlovotnta
aotdBelog Kol KOKA®V, kataAnyovtag Hetald dAA®V 0Tl Taipvovtag TO omAd LIOSEIYUA
poTOVonG VO otadiov pe pio petafAnt elEyyov kot emekteivovtag o€ PeTaPAnTéG 600
otadimv, 1 1oppoTic EVOEXETAL VO OAAAEEL LE TO PLOUO GPLOTOV EKTOUTOV POT®V VO Elvarl
Kkukhikog. H 15" epyasio tov Moavovon kot Zemanadéa eE€tdlel ™ puOuon e KAMUOTIKAG
OAAOYNG HE TN XPNON YEOUNXOVIKOV UEBOS®V OTAV 01 YMPES TAPOVSIALOVV ETEPOYEVELQL.
["a 1o oxomd avtd perenOnke Eva amAd SLVOUIKO TTAlYVIO GYESOGHOD APLOTNG TOALTIKNG
o Opovg EKTOUTT®OV POTOV Kol yeounyovikdv mpoonabsidv. H 16" gpyacio tov
Kovtoovuma ko Kaumd egetaler to 0épa g Katavounig SKaloudtov aAievong yio )
dioyeipion tov Meooyetokov tovov. H 17" epyocio tov Kapkatcovin, ITapovcscov,
®pdykov ko Kdmpov ypnoylomoidvtog £va LTOSEYUN YEVIKNG LGOPPOTIOG EKTULA TO
TAEOVEKTNUA TNG TTPATNG KIVNONG OTNV TOALTIKY Y10 TV KAMUOTIKY 0AAOYT. ZVYKEKPIUEVQL
VOAVOVTOL TO. LOKPOOIKOVOLIKA KOoTN Kot o@éAn yw tnv EE ¢ o myétng (first mover)
otov éleyxo g khpotikig  arlhoync. Téhog i 18" epyacia twv Xdikov kar Tothiko
TPOTEIVEL €vol VTTOSEIYHOL OVAALONG KOl OMEKOVIONG TOV GUVEPYIOTIKOV HUNYOVICUOV
EMIOPOOTNC TOV GYETIKMOV LE TNV KALOTIKT GAAXYY] KOGTMV.

Ot endueveg mévte gpyocieg aoyoAOLVTOL UE TNV EKTIUNGCT TOV TEPIPOALOVIIKOV
emmtdoswv. H 19" gpyacia tov Kola kot Tamaddpov eEetdlel pe OIKOVOUETPIKY
VTOJELYLOTOTTOIN O TNV AVTIOPOOT) TOV EMEVOVTAOV GE PLGIKES Kol avOpdTIvNg Tpoéhevong
kotaoctpo@éc. H 20" epyocio tov X. Kitoov avoagépetal 6To Tupnvikd otuyfuata Kol 6Tig
KOWVOVIKOOIKOVOUIKES Tovg emmtdoelg. H 21" gpyacia g evotnrog avthg omd toug
Koalapia, [Tarakovotavtivov kar Kaooid mpoteivel éva cuotnpa a&loAdynong yio LeAETES
TEPLPOALOVTIKDOV EMATOCEDV LE TPOSAYPAPT Kot dNpovpyio evog adydpifpov TotdTnTog.
H 22" pedémn tov Ayyehdxoylov kot kaiviatl aveolder to otoyeion ta omoio o
Bropmyovia o Tpémel va 6TOYXEVEL VO OTOKTNOEL MGTE VO PEATIOGEL TNV TEPIPOAAOVTIKY TNG
Brwowomta Paoel tov apydv g Blounyovikng OwoAoyiog ywoo v amotipynorn g
nepBorloviiknc Piociudtnrog tev emepnocsnv, Téhog n 23" epyosio tov Zkpyuléa,
[Morokovotoaviivov kot TlomadomodrAov mpoteivel pio GTPOTNYIK TPOCOPUOYNS OTNV
KhMpotikn AAloyn oG epyarelo tKavo va Sloelptotel, TV KOTAAANAT TPOGOPLOYT TOV
oSG0 TOV EAANVIKOD YMOPOL OAAG KOl TNV omapoitnTn avamntuén cuvepyaciog TV
SPOPWV EMOTNUOVIKOV TESOV Kol KAAO®V OV EUTAEKOVTOL GTO TOALIIACTOTO OVTO

TPOPAN L.

O emopéveg perétec apiepavovtor ot Emyepnoeig ko to Tlepidiiov kor v
Etoupikry Kowwviky Evbovn. H 24" gpyacia tov Ztavponovrov, Kootdkn kot Zoapdiavod
eetdlel TOVG TPOOOOPIOTIKOVG Tapdyoviee mov Kabopilovv TG aviiMyels TV
KOTOVOAMTOV OTEVOVTL OTNV ETALPIKT KOWOVIKT €v0Ovn pe éppacn otig mepBailoviikd
pukéc otpatnyikéc. H 25" epyocio tov Zemety kor Pilov avoagépetol ektevdg otnv
ETOLPIKN KOWMVIKT] €00V Kol 0TIG TOMTIKEG TEPPAAALOVTIKNG dloyeiplong e avagopd ota
Teyvohoyikd Exmadevtikd ISpopata g ydpoac pog. H 26" epyocio tov Metod kot
ToaBoapidov e€etdlel TOV TPOMO HE TOV OTOI0 1 KAMUOTIKY] OAAOYT) EPUNVEVETAL OTIG
aVaPOPEC ETOLPIKAG KOVOVIKNG gvbuvne Tov EAAnvikdv emygipfiocenv. H 27" epyacia tng
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evomtag ond v M. Moapkdtov ocvlntd tov Tpdémo oaviidpaong twv EAAnvikov
EMYEPNOEMV GTO €OVIKO KAAEGLA Y10 TPAGIVY EMLYELPTLOTIKOTNTO.

Y11 101eg YPOUUES, Ol EMOUEVES UEAETEG OVOPEPOVTAL GTNV TPAGLVI] OKOVOUia, T
Broowotnta kor Ty kowvotopio. H 28" pedétn tov Zkovhovdn, Maréciov, Jones kat
Evayyehvod efepevvel v emyelpnuatikn mePIPOALOVTIKY) AOYIOTIKY] GE OYECN UE TNV
KMPoTikn aAAayr| Ko 0elyvovtog o€ Tt eninedo ot EAMANviKéG emiyelpnoelg katoypdpouvy Kot
anokoAvntovy  meptPorioviikés mAnpoeopiec. H 29" epyacia tov Mapkdtov Kot
2TOUTOVAN HEAETA KO LETPA TO TPOTOV TNG AELPOPIKNG KatvoTopiag oTig ympeg tov OOZA.
Ta amoteAéopato PBacifovior oTnV KoTOypoEy TOTEVIOV KOl TN ¥PNON TOVG MG OeikTeg
Kovotopk®v wpoidvtav. H 30" pedétn tov Xdikov, Tlepepé N. ko1 Kovptoidn, pe
BonBeta g mpocéyylong evog mpocsbetikov 6vo otadiov DEA, acyoleitar pe toug deikTeg
TEPLPEPELOKNG 0ELPOPIKNG amodotikdtnTag otnv Evpdmn. H 31" gpyacio tov Ztaumovin
kor Tewpyatln efetalel T ovvOnkeg KAT® OmO TIG OMOIEC Ol OLAPOPES TOALTIKEG
evBappUVOLV TIC OIKO-KOIVOTOUIES EVED KATNYOPLOTOOUVTAL TO, EUTOOIN TOV EVOEXETAL VO
aVaKOYOLV Katd TNV V100ETN o TovC.

Ot emduevVEg TEVTE EPYOCIEC AVOPEPOVTOL OTNV OIGTIKN KoL TEPLUPEPELKT] AVATTVEN
kot to  mepiBdrrov. H 32" epyacia tov Xdikov war Tlepepé N. avapépetor otnv
TEPLPEPELOKT TEPPAAAOVTIKY|] OTOJOTIKOTNTO GE GYECT HE TNV OIKOVOUIKT peyEBuvon Kot
mv avénon tov TAnBvopod Kot pe T ypnon ™G nebodov g deopevuévng range
directional cvvaptnong amodotacns. H 33" gpyacia tov Zogiov, ITorakovoetaviivov kot
Kaooo0 avagépetar omnv actikomoinon oty AvatoAiknn Mecdyelo kot Tig ETOPACELS TNG
OTNV OTUOGPAIPIKY] POTOVOY], TO KAUO KOl TO OIKOGUGTNUO KOU HE OVOPOPE oTnv
nepintwon tov Agkavomediov ATtikng. o T0 okomd avTd M PEAETN OVOQEPETOL GTOVG
pomovg and v Adnva, 1o Kdipo kot v Kovetavtivoumoin mov ennpedlovy to KMpo g
avatoMkng Mecoyeiov. BapOmnra divetan otig KAMpoatikég aAlayés amd v Pefopnuévn
dounon TV TOAE®V Kol TN ONUIOVPYID OOTIKOV VNOIO®V OTIS HEYOAOVTOAES NG
Meooyeiov pe edkn avapopd otnv Abfva. H 34" gpyacia tov Takdvn A. xar HAo0
avaAivel v Evpomaiky kot EAAnvikn moltikny y dnpovpyio PidSUYOVL  aOTIKOV
neplPaAlovtog divovtog 1dlaitepn TPOGoyn ot PLOCIUES AoTIKEG petakivioels. Emiong
TapoLGALovTol S1APOPOL AEIPOPIKOL OEIKTEG TV TOAE®V, KOOMG Kot deIKTES AmOTIUNOo”NG
avtig ¢ Prdoung kvnuikotnroag. H 35" epyacia tov ApBavitidn kot Nacidka diepeovd
TN GLAAOYIKT OLoEIPIOT TOV VITOYEL®V VIATOV GTNV TEPLOYN TS AdPLoaC KOl OVOTTOGGEL
TO EVVOLOAOYIKO TAOAGLO Ylo. TN HEAETN TOV VIOYEI®V LOATOV ®G KOOV TOP®V. XTI
YPOUUES OVTEC aEl0AOYEL EUTEPIKA TN SVVATOTNTA GLAAOYIKNG OPACNC TOV YPNOTOV TMOV
VIOYEIOV VOATOV Y10 ApOEVTIKOVG GKOTOVS KOl OOVTO OTO EPMTNUO TOV av To. {NTHATO
™G Jwxeipong  vVIoyelwV VOATOV otV TEPLPYEPELD TG Oeocoaliog eivor Tpaywdio 1M
gvkarpio. Téhog m 36" epyosia twv Owovopov kot Pamtn diepgova kor eEetdlel
OIKOVOUETPIKA TIG EMOPACELS ATOUIKADV KOl LOKPOOTKOVOUIK®OV TOPOUYOVIMV GTNV OTOUIKY|
VTOKEYLEVIKT Evunpepia.

H emopevn evéomra peketdv aocyoieitar pe v Owovopkn A&oAdynon Tov
[MepiBdrrovroc. H 37" gpyocia twv Jones, Clark, MaAéciov kor Evayyehvod e&etdlel pe
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TPOTOYEVY] £PELVO. TNV EMOPOACT] TOV TOPAUETPOV TOV KOWMVIKOD KEQPUAMIOV OTNV
Tpodupio TANPO®UNG Yo TNV TpocTacio TG TapdKTiag (dvng ot NOTlo-AvaTtoAkn AyyAla.
H 38" gpyocio twv Kovvtovpn kot Davila mpoteiver pic olokAnpopévn kowvmviko-
OLKOVOLIKT TPOGEYYLoN Kol amoTiumon yio v epappoyn g Evporaikng Odnyiog [TAaico
v to. Ydato otnv EAAGSa. H 39" epyosio tov Aapiyov, Kovtoyidvvn, Tovpkold,
Yxovptov, Avopeddn kat Beleypdakn mapovoidletl Eva olhyypovo mAaiclo dlayeiptong otnv
OTOTIUNON TOV TOMTIKOV TPOCAPUOYNS TNV HEo avénon g otdbunc g Bdlaccag. H
40" gpyacio tov O. Kovvtodpn, E.B. Kovyéa k.4. pe tn yprion g pebddov dtopdppmong
EMAOYMV OMOTIUA TIG OWKOVOUIKES aieg mov Onpuovpyobvtol amd TiG PEATUDOELS OTNV
TowTNTA. TOV LOATOV Kol Kot' emnéktacn tov mepiPdAioviog. H pelétn mepimtwong
avagépetar otn meployn Rokua otn Bopeia dihavdio pio meployn e€aptdpevn amd to
vdyeLn Hoata Kot TOAD evaicOnTn oTNV KAMUOTIKEG AAAAYEG KOl TIG PUOTKEG LETAPBOALEC.

Ot emdpeveg epyaciec a@opovv T PlOTKOIAOTNTA, TO PLOCIHO TOLPIGUO, KOL TIG
Biboueg petagopés. H 41" gpyacia tov Owovopov, Neopvtov kot Matoidpn eEetdlet
EUMEPIKA TA. KIVITPAL GYESOOUOD TOVPIOTIKMV YEYOVOTMV TTAPEYOVTOS EVPTLLOTO, YPT|CLLLOL
Yo T OlElpIon KOl TNV TPOoMONGT OEWPOPIKAOV KOl OTOTEAECUOTIK®OV Omd TAELPAS
KOGTOVG TOVPLoTIKOVY ToMTikdV. H 42" pedétn tov Matoidpn, Bapoapovon, EEaddktviov
kot Bageion mpoodopilel toug mapdyovteg omddoong owovopukng a&iag ot Boidooio
Bromowikomto ekTipdvTag ™ péon mpobupio TAnpouic yo ™ Sotipnon e H 43"
epyacioa tov [Ipo@uAAidn kot Mmotlmpn mpooceyyilel v KMUOTIKA OAAOYn Kot TIG
EMOPACELS TOV PETAPOPAOV GE TaykOoUo 0AAG kot e0vikd eminedo. H 44" gpyacia tov
Foardvn A., Mrotlopn kor HAo0 Pacilopevn 6€ omOTEAEGUATO TPMTOYEVOVS EPELVALG,
TPOTEiVEL TOMTIKEG EMiTEVENG PLOCIUOV HETOQOP®Y Kot peiwong tov Bopvfov amd v
KUKAOQOPLOKT CUUPOPNOT e avapopd otny TOAN Tov BoAov. Ot moMTIKEG AVTEG UmopovV
Vo BEATUOGOVV TO TOLOTIKA YOPAKTNPLOTIKA dtofiwong Tov avOpdnov 6T aoTIKd KEVTPQ
KOl LOAGTO. 6TV 01KOVOIKT Kpion mov dtaviovpe. Téhog 1 45" epyacio tov 2. Topmékn
TOPOVGIALEL TOVG OTKOVOLUKOTEYXVIKOVG TOPAYoVTEG €MitevéNng Plrdoiung avamtuéng Kot
EMNPEAGHOV TOV £PYOV S1AVOIENG TOL dACOVG GTNV TTEPLOYN TOV MeTGOPOoVL.

I'eopyrog Xdrkog

Emotnpovikog Yneobovog Zovedpioo
Kadnyntg Owovopkng tov @ucikdv [opaov
AtevBvving Epyaoctnpiov Emyeipnoiakdv Epevvav
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An analysis of long-term scenarios for the transition
to renewable energy in Greece®

George Halkos, Georgia Galani, Panayiotis Tzeremes
Laboratory of Operations Research, Department of Economics,
University of Thessaly, Korai 43, 38333, Volos, Greece
halkos@uth.gr galani@uth.gr tzeremes@uth.gr

Abstract

The climate and energy package known as the "20-20-20" targets is a set of binding
legislation which aims to ensure the European Union meets its ambitious climate and
energy targets for 2020. The Commission proposes a new objective of increasing the
share of renewable energy to at least 27% of the EU's energy consumption by 2030. In
combination with European and national targets the key objective of this work is to
construct scenarios for the carbon intensive Greek energy system and to investigate
how are reflected in both economic and environmental terms. The tool used in the
scenario analysis is the Long range Energy Alternatives Planning System (LEAP).
The assembly of the model for evaluating energy scenarios in Greece and the results
of these policy-based scenarios are described. Furthermore, the impacts of energy
supply and demand are explored, along with their implications for national long-term
policy plans.

Keywords: Climate change; Renewable energy sources; Greek energy system.

JEL xmowkoi: Q20; Q40; Q41; Q42; Q54.

" Work in this research has received funding from the "GHGsSMETI" program, which takes
place within the SYNERGASIA 2011 action and is supported by the European Regional
Development fund and Greek National Funds, project number 11SYN 8 118. The text
represents the authors’ views.
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1. Introduction

An important issue for public health, economy and the environment is air quality
that is negatively related to climate change. Although various policies have been
implemented in national and sectoral level, air pollution continues to pose a threat to
human health and affect the economy and the environment. However, Europe under the
framework of integrated policies, has achieved to reduce emissions of various air pollutants
and substances such as sulphur dioxide (SO,), carbon monoxide (CO), benzene (CsHs) and
lead (Pb) (European Environment Agency, 2013).

In 2007, targets were set in order to develop an energy efficient and low carbon Europe.
These targets, known as the "20-20-20" targets include:

e A 20% reduction in EU greenhouse gas emissions from 1990 levels;

e An increase in the share of EU energy consumption produced from renewable

resources to 20%;

e A 20% improvement in the EU's energy efficiency.
Moreover, in 22 January 2014, an integrated policy framework for the period up to 2030
was presented towards a renewable energy economy as the share of renewable energy
sources is set to increase by at least 27% till 2030.

The Greek government in an effort to adopt a green economy has included
ambitious policies and measures for increasing the use of renewable energy. Specifically,
Law 3851/2010 sets the framework for the deployment of renewable energy. The
government tries to ensure that the 2020 European targets are met. The development of
renewable energy sources in the electricity sector is of crucial importance to achieve the
National and European objectives. The overall target of 20% participation of Renewable
Energy Sources (hereafter RES) in gross final energy consumption is composed of 40%
participation of RES in electricity production, 20% in heating and cooling and 10% in
transport.

Additionally, it is necessary to make investments in the electricity sector and exploit
the potential of wind and solar energy. An important development is to connect Greek
islands with abundant wind and solar power potential to the mainland transmission network
and to expand hydropower and natural gas capacity (IEA/OECD, 2011).

At national level the energy sector is very important for economic development.
From an environmental perspective, the energy sector in Greece can be characterized by the
inefficient use of energy, the small reduction of greenhouse gas emissions as well as the
slow replacement of conventional fuels (like lignite). Nevertheless, many actions have been
initiated in order to comply with EU policies on the management of energy by looking for
improvements over the national legal framework considering the production and
consumption of energy. Furthermore, Renewable Energy in Greece is at a relatively high
level of capacity utilization, particularly in the most prevalent forms, following the global
and European trend and creating a national strategy (European Environment Agency, 2012;
p. 178).

The remainder of this paper is structured as follows. In Section 2, we explore the
basics concerning the penetration of renewable energy sources in the Greek energy system
and specifically in the electricity generation sector, providing information for the existing
legislative framework. Section 3 presents the Long range Energy Alternatives Planning
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system (LEAP), the proposed scenarios and the basic key assumptions. Section 4 comments
on and analyzes the results of the simulation output, emphasizing the technical,
environmental and economic implications. Finally, the last section summarizes our main
findings.

2. Background

RES constitute a cost-effective solution for the energy sector, the society and the
environment offering in terms of energy supply much more friendly solutions compared to
conventional fossil fuels. Energy independence, geographical dispersion and diversity of the
primary forms of energy are some of the reasons that are evaluated and included in
government planning of many countries worldwide. In economic terms, the use of RES
while depending on the economic prosperity of the country, has further a long-term
perspective even during a financial crisis. Although, greenhouse gas mitigation strategies
are generally considered costly, the renewable energy and more efficient conversion
technologies may have positive socioeconomic effects, create employment and lead to
increase in exports (Mathiesen et al., 2011).

The Greek Ministry of Environment, Energy and Climate Change confirms the
negative effects of climate change the solution of which is one of the key priorities. At
regional level, actions required to address climate change must involve a change of the
current growth model towards a sustainable, green economy and low or zero carbon
emissions through the use of modern technology. The low carbon model should be based on
horizontal coordination of mitigation policies that will be implemented in the sectors of
energy, industry, transport and agriculture. The Greek Action Plan for Greenhouse Gases
Abatement includes the decarbonisation of the Greek energy system by introducing low
carbon sources or RES (IEA/OECD, 2011). The Greek renewable energy policy follows EU
requirements such as the binding target to increase the share of renewable energy in gross
final energy consumption by 2020. The government plans to reach the 2020 renewable
energy targets through a combination of measures on energy efficiency and renewable
energy .

Greece as a developed country has a relatively high energy demand, considering its
size, and an above the average consumption per capita. The country's population, according
to the census of 2011, reached a total of 10,815,197 inhabitants, placing Greece marginally
outside of the ten most populous European countries, but ahead of several major economies
which affects the energy demand ranking (Hellenic Statistical Authority, 2012; Marcu,
2011). Energy production in Greece is dominated by the Public Power Corporation (PPC)
which holds the biggest share in the supply of electricity. In Figure 1 and for the year 2012,
it is shown that the biggest share of electricity generation by PPC came from lignite
(68.4%), oil (11.9%), natural gas (9.4%), hydro (9.7%) and renewable energy (0.6%)
(Public Power Corporation S.A., 2012). The category hydro represents the large scale

! Policies and measures are described in detail in Ministry of Environment, Energy and Climate Change
(2010).
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hydropower projects while the renewable energy category includes photovoltaic, biomass,

small scale hydropower projects and wind parks.”
Figure 1: Electricity Generation in Greece in 2012

Renewable Electricity Generation

Energy Hydro
1% N

Natural Gas
" \

2.1. Legislative framework

According to Law 3851/2010 on the acceleration in the development of RES to deal
with climate change and other provisions relating to the jurisdiction of the Ministry of
Environment, Energy and Climate Change, the Greek government, proceeded to increase
the national goal for participation of RES in final energy consumption to 20%, which
specializes in 40% participation of RES in electricity, 20% in heating and cooling needs and
10% in transport (Ministry of Environment, Energy and Climate Change, 2012a).

Considering the economic part of Law 3851/2010, new electricity pricing for the
main categories has been submitted and is analyzed in Table 1. The aforementioned Law is
an important part of the National Action Plan for Renewable Energy, which taking into
account the standards of the European Energy Policy, is prepared to be able to "play the role
of a potential tool for monitoring national energy goals" (Ministry of Environment, Energy
and Climate Change, 2012a; Law, 3851/2010).

Concerning the energy savings field, Greece has already implemented the 1st
Energy Efficiency Action Plan, which provides 9% of energy savings in final energy
consumption by the year 2016 in accordance with Directive 2006/32/EC. Moreover, in the
context of Law 3855/2010, which has been added to the recent regulation on energy
performance of buildings, there is advancement in the development of market mechanisms
and implementation of specific measures and policies aimed at achieving this national goal
(Ministry of Environment, Energy and Climate Change, 2012a).

The Ministerial Decree 19598/01.10.2010 posed the desired ratio of installed
capacity and the distribution in time of the various renewable energy technologies. The
main characteristic of this Ministerial Decree is the liberation from the constraints of
Geothermal Energy, as well as its participation in the electricity production of the country in

? According to annual report of Public Power Corporation in 2012, hydropower projects can be divided into
small and large scale hydropower projects. Small scale hydropower projects are referred as renewable energy
resource in contrast to large-scale hydropower projects.
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the forthcoming years. Besides, in the framework of the interpretative Circular
26928/16.12.2010 some amendments have been implemented, concerning the examination
of requests for the installation of Renewable Source power plants on agricultural land of
high productivity, including the category of professional farmers (Circular 26928/2010;
Ministerial Decree 19598/2010). Finally in 2011 the Joint Ministerial Decree
28287/12.12.2011 posed a special fee and incentives to household consumers in areas where

renewable energy technologies had been installed (Common Ministerial Decree
28287/2011).

Table 1: Electricity power pricing of key Renewable Energy Sources (Greece)

Energy Price (€ / MWh)
Generating electricity from: Interconnected Non-intercon-
system nected islands
Wind energy exploited in onshore power installations
greater than 50 KW. 87,85 99,45
Wind energy utilized to power installations less than 250 250
or equal to 50 KW.
Photovoltaics to 10 KW in the residential sector and
. 550 550
small businesses.
Hydraulic energy utilized by small hydropower 87.85 87.85

stations with installed capacity up to 15 MW.

Solar energy utilized by solar thermal power plants. 264,85 264,85

Solar energy utilized by solar thermal power plants

with storage system at least two hours. 284,85 284,85
Geothermal Energy low enthalpy (Law 3175/2003). 150 150
Geothermal Energy high enthalpy (Law 3175/2003). 99,45 99,45
Biomass is used by stations < 1 MW. 200 200
Biomass harvested from plants > 1 MW and <5 MW 175 175
Biomass is used by stations > 5 MW. 150 150

Source: Modified and relying on Law 3851/2010

2.2. Renewable Energy Sources

The Wind Energy in Greece is at a high level, with a large number of wind turbines
and a significant total installed capacity corresponding to approximately 1800 MW.
Furthermore, there are prospects and estimations for the coming years, which are quite
encouraging in accordance with the upward trend in recent years. From 1998 and onwards
the growth in wind power is quite high and has not declined during the outbreak and the
early years of the global financial crisis (HWEA, 2013).

The wind potential in Greece is quite remarkable, having in several parts of the
country average wind speeds that are economically exploitable. The highest wind speed is
greater than 10 meters per second (m/s) and is located at the southern part of Evia (east of
Karystos), in Skyros, Andros, Laconia, Amorgos, western Samos, in the southwestern
island of Rhodes, Karpathos and eastern Crete. Speeds 9 to 10 m/s are found in all islands
of the Aegean Sea, south Evia, Corfu, Kefalonia, in southern Attica and in scattered parts of
Greece. Offshore wind farms in Greece like in most Mediterranean countries are inferior to
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the first theoretical steps beginning in 2010. The areas of Alexandroupolis, Thassos, Corfu,
Kimi, Lemnos and Samothrace were selected to be included to Wind Energy development
projects. The horizon for the first development phase of projects in these areas, was
determined to be five years from 2012 to 2017, but at the end of 2012 no project was
implemented (Ministry of Environment, Energy and Climate Change, 2011; 2012b).

Analyzing the total installed wind power of Greece in the individual regions of the
country, it becomes apparent that Central Greece is leading the largest share of production.
The total installed capacity of the regions of Peloponnese, Eastern Macedonia and Thrace,
Crete and Western Greece, is greater than 100 MW (HWEA, 2013).

The Solar Energy in Greece is expanded with very high growth rates in recent years,
mainly in the category of photovoltaic (PV) systems. It is characteristic that from 2009 to
2010 the total installed capacity of PV systems almost fivefold and from 2010 to 2011
tripled while from 2011 to 2012 more than doubled. Still, PV systems are the locomotive of
Renewable Sources in Greece, accounting for 88% of new capacity in 2012 (Hellenic
Association of PV Companies, 2013).

The solar potential of Greece is one of the best in the European Union, along with
the other Mediterranean countries. The location of the country and place between 340 and
420 parallel of the northern hemisphere, gives a mild Mediterranean climate suitable for
systems operating with solar radiation. The maximum average potential, measurable with a
photovoltaic system of 1 KW is located in the Dodecanese, the Cyclades, Crete, the
Sporades, the East Aegean Islands, Attica, in south Central Greece, in the eastern
Peloponnese and Western Macedonia.

In contrast, the lowest rates are located in the north and in eastern Macedonia and
Thrace. The exploited potential of the country has rocketed in recent years of only 10,3 MW
in 2008 to 1.536 MW in 2012 and 1.862,5 MW as in February 2013, with Greece in the
fourth position in Europe and seventh internationally in new PV installed capacity in 2012.
In terms of participation within the country, it is estimated that the total production of solar
panels, which touched the 1.7 billion kilowatt hours, covered 3% of the electricity needs of
Greece in 2012. This trend shows that it is very likely that in 2013 the output of
photovoltaic systems will overcome wind power for the first time (Hellenic Association of
PV Companies, 2013).

Analyzing the distribution of total installed capacity in 2012 in Greece by
photovoltaic systems in regions of the country we conclude that the Peloponnese is leading
with Central and Western Greece to follow. In contrast, concerning the total installed
capacity of photovoltaic systems on roofs of houses, the Region of eastern Macedonia and
Thrace holds the primacy, with the Peloponnese and central Greece to follow (Hellenic
Association of PV Companies, 2013).

Hydropower in Greece has several large, economically exploited potential, which is
estimated at around 80 TWh. Until today, the rate of capacity utilization that is around 40%
was derived from 16 major hydropower projects and many small which are all under the
operation of the Public Power Corporation (PPC) while private investors do not participate
in the production until now. Greece is a fairly mountainous country with a rich potential of
waterfalls due to the configuration of the basin, but also due to several rainfalls, creating a
considerable hydropower potential, quite capable of significant generation of electricity.
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The active and under-construction facilities, as well as areas of interest, for large and small-
scale hydropower stations respectively, are accumulated mainly in Western Greece where
annual rainfall is around 260 cm. The locations where the rain gets the highest values are
found in the prefectures of loannina, Grevena, Trikala, Arta, Karditsa, Evrytania, Phocis
and Achaia (Athens Water Supply and Sewerage Company, 2010).

Unlike large-scale hydroelectric power plants, small plants, that by 2013 their total
installed capacity reached only the 218 MW, have several pending applications for new
stations that are in various procedural stages. Thus, there would be an increase of power in
the coming years, which, due to the fact that as small-scale stations are those who have a
capacity below 10 MW, is not expected to be a large-scale annual increase (Operator of
Electricity Market S.A., 2012).

3. Utilization of LEAP System

The Long range Energy Alternatives Planning System (hereafter LEAP) is a widely-
used software tool for energy policy analysis and climate change mitigation assessment
developed by the Stockholm Environment Institute. LEAP has been adopted by thousands
of organizations in more than 190 countries worldwide. LEAP is fast becoming the de facto
standard for countries undertaking integrated resource planning, greenhouse gases (hereafter
GHG) mitigation assessments, and Low Emission Development Strategies (LEDS)
especially in the developing world. Many countries have also chosen to use LEAP as part
of their commitment to report to the United Nations Framework Convention on Climate
Change (UNFCCC).

There are various studies in Greece that have been conducted in order to provide the
literature with long-term projections in the energy sector using LEAP. Giatrakos et al.
(2009) evaluated the present electrical energy status, and examine the possibility of further
penetration of sustainable energy for Crete. Analysis shows that even the most modest and
realistic RES implementation scenarios, combined with a partially successful demand
restriction, could indeed contract the island’s environmental footprint. RES penetration into
Crete’s electric system seems to be able to surpass 30% by 2020, satisfying even the
optimistic European targets. Roinioti et al. (2012) constructed energy scenarios for the
future with a focus on the Greek electricity production system and explore how these
scenarios are reflected in economic and environmental terms as well as in terms of energy
efficiency.

Papagiannis et al. (2008) present the results of an analysis on the economic and
environmental impacts of the application of an intelligent demand side management system,
called the Energy Consumption Management System (ECMS), in the European countries.
The long-term impacts following the application of the system are evaluated using the
LEAP platform. Results show that under a reasonable market penetration, a reduction of 1—
4% in primary energy, of 1.5-5% in CO, emissions and a 2—8% savings in investment costs
for power generation expansion is to be expected for the EU-15.

3.1 Construction of scenarios

Scenarios are self-consistent story lines of the evolution of future energy systems in
the context of a specific set of conditions. Scenarios assemble information about different
trends and possibilities into internally consistent images of plausible alternative futures
(Wiseman et al., 2011; Carter, 2007; Moss et al., 2010). The main concept of LEAP is an
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end-use driven scenario analysis with a baseline and alternative scenarios. The scenarios are
used for a number of “what if” questions under the arrangement of user-defined
assumptions. The set of conditions is detailed in the scenarios and are constructed in order
to encompass some factors (parameters) that are anticipated to change.

In our case there are three scenarios generated under different options. The policy

options and key assumptions that the scenarios are based are depicted in Table 2. That is:
Baseline Scenario: The first scenario is the “Baseline”, which is based on historical trends
from 1990 till 2010. Changes in demographic and macroeconomic variables are given in
Table 3. Specifically, Table 3 describes the projections for the annual population growth
rate, annual GDP growth rate, annual growth rate of income and the annual growth rate of
GDP per capita till the target year 2030 (Ministry of Environment, Energy and Climate
Change, 2013). The projected potential withdrawals of Power Plants are given in Table 4
(Ministry of Environment, Energy and Climate Change, 2013).
Target 2020 Scenario: The second scenario is based on the European target set in 2007, in
order to develop an energy efficient and low carbon Europe via an increase in the share of
EU energy consumption produced from renewable resources to 20%. According to the
government, Law L3851/2010 states that the protection of the climate or the reduction of
GHG emissions through the promotion of electrical energy production from RES is a
crucial element of the energy sector of the country. The further specific targets include RES
electricity share (40%), RES heating and cooling share for the household sector (20%), and
RES transport share (10%) in order to achieve the national target of 20% contribution of the
energy produced from RES to the gross final energy consumption. This target will be
achieved through the large penetration of RES technologies in electricity production, heat
supply and transport sector.

The changes in demographic and macroeconomic variables that are used in target

2020 scenario are given in Table 3, as for the Baseline scenario. Finally, we assume a 50%
increase of RES capacity, which corresponds to 5.311,7 MW. Specifically, as the Hellenic
Transmission System Operator S.A. publishes binding and final Offers for Connection
System or Network for power stations of Renewable Energy and Stations and cogeneration
plants of Electricity & Heat and High Performance (CHP), we assume that till 2020 will be
achieved half of the non binding offers. Table 5 describes in details the structure of the
assumed generated capacity per RES category.
Target 2030 Scenario. We follow the target set in 22 January 2014 by the European
Commission towards a renewable energy economy. Specifically, the share of renewable
energy penetration in final consumption is set to increase at least 27% by 2030. This will be
achieved by the introduction of RES in industry. Following Heaps et al. (2009) concerning
the industry sector, CO, emissions can be further reduced through the increased use of
biomass, natural gas and increased participation of RES in electricity, the iron and steel
production sector, the cement production, chemicals production and other industrial
subsectors. As far as the changes in demographic and macroeconomic variables that are
used in target 2030 scenario these are given in Table 3, as for the Baseline and target 2020
scenarios.

Finally, we assume a 100% increase of RES capacity, which corresponds to
10.536,2 MW. Specifically, as in the previous scenario and relying on the Hellenic
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Transmission System Operator S.A., the last column of Table 5 describes in details the
structure of the assumed generated capacity per RES category.

Table 2: Policy options and assumptions for scenario generation

Scenario

Policy options

Assumptions

Baseline

The historical trends will continue. Changes
in demographic and macroeconomic
variables are given in Table 3 and potential
withdrawals of Power Plants are given in
Table 4.

Target 2020

European target: 20 % penetration of
RES in final consumption till 2020.

Greek Government target: The

enactment of Law 3851/2010 RES
specializes in a 40 % increase of

electricity, 20% increase of the

thermal RES and 10 % increase of

biofuels.

Changes in demographic and
macroeconomic variables are given in detail
in Table 3 and the potential withdrawals of
Power Plants are given in detail in Table 4.
Increase of Renewable Sources utilization
up to 5.108 MW is presented in details in
Table 5

Target 2030

European target: 27% increase of

RES penetration in final
consumption in 2030.

This will be achieved by the
introduction of RES in industry.

Changes in demographic and
macroeconomic variables are given in Table
3 and potential withdrawals of Power Plants
are given in Table 4. Increase of Renewable
Sources utilization up to 10.216 MW is
presented in details in Table 5

Table 3: Changes of demographic and macroeconomic variables till 2030.

2011 2012 2013 2014 2015 2016 2017
Annual population 0,1% | 0,0% | -0,2% | -0,2% | -0,1% | -0,3% | -0,2%
growth rate
Annual GDP growth rate -4,0% | -2,6% | 1,1% | 2,1% | 2,1% | 2,6% | 2,6%
Annual growth rate of -4,0% | -3,7% | 0,8% | 2,8% | 2,5% | 2,6% | 2,6%
income
Annual growth rate of -9,0% | -2,0% | 0,9% 1,8% 1,6% | 2,6% | 2,6%
GDP per capita

2018 2019 2020 2025 2030
Annual population -0,1% | -0,1% | -0,2% | -0,2% | -0,4%
growth rate
Annual GDP growth rate 2,5% 2,5% 2,9% 2,2% 1,5%
Annual growth rate of 2,5% 2,5% 2,9% 2,2% 1,5%
income
Annual growth rate of 25% | 2,5% | 2,9% | 2,2% 1,5%
GDP per capita

Source: Ministry of Environment, Energy and Climate Change (2013)

1° Havelivio Zovédpro Owovopkng tov ductkmv [Topmv kat Tov IepiBdilovtog:
Khpotwikn AAloyn, Borog 26-27 Moptiov 2014

37



ENVECON 2014 -

IVECON 2013

Table 4: Projected potential withdrawals of power stations

Withdrawal of Power Output Power Units Fuel

Power Units (MW)
2011 64 Ptolemaida 1 Lignite
2011 113 Megalopoli 1 Lignite
2011 113 Megalopoli 2 Lignite
2012 117 Ptolemaida 2 Lignite
2012 33 Liptol Fuel oil
2013 144 Aliveri 3 Fuel oil
2013 145 Aliveri 4 Fuel oil
2014 145 Laurio 1 Fuel oil
2014 285 Laurio 2 Fuel oil
2014 173 Laurio 3 Natural Gas
2014 117 Ptolemaida 3 Lignite
2015 153 Ag. Geor. 8 Natural Gas
2015 185 Ag. Geor. 9 Natural Gas
2015 276 Ptolemaida 4 Lignite
2019 275 Kardia 1 Lignite
2019 275 Kardia 2 Lignite
2019 300 Kardia 3 Lignite
2019 275 Kardia 4 Lignite
2019 273 Amintaio 1 Lignite
2019 273 Amintaio 2 Lignite
2022 274 Ag. Dimitrios 1 Lignite
2022 274 Ag. Dimitrios 2 Lignite
2022 283 Ag. Dimitrios 3 Lignite
2022 283 Ag. Dimitrios 4 Lignite
2024 260 Megalopoli 4 Lignite
2024 270 Megalopoli 3 Lignite

Source: Ministry of Environment, Energy and Climate Change (2013)

Table 5: Generation capacity projections per RES category till 2020 and 2030

RES Capacity (MW) 2020 Capacity (MW) 2030
Photovoltaics 207,5 MW 415 MW
Wind Park 4.666,5 MW 9.333 MW
Small Hydro 350,2 MW 640,2 MW
Biomass 87,5 MW 175 MW
TOTAL 5.311,7 MW 10.536,2 MW

http://www.desmie.gr/ape-sithya/stathmoi-ape-sithya-me-prosfora-syndesis/

3.1.1. Structure of LEAP dataset
3.1.1.1. LEAP “tree”

The LEAP “tree” in the case of Greece includes a demand dataset describing the
energy use in each branch “tree’’ in the base year and through 2030. It also includes various
demographic and economic indicators. The sources used for energy demand data include
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the Hellenic Statistical Authority (El. Stat)’, Eurostat®, Bank of Greece® World Bank, and
OECD®. The dataset depicted in Table 6, includes activities—such as number of households,
economic output, fuel shares and energy intensities. The demand includes six sectors:
Households, Agriculture and Fishing, Services, Industry, Transport and the Non-Energy
Fuel Use. This is accompanied by various demographic and economic indicators.

Table 6: Energy Demand Structure

Sectors/ Sub-sectors Fuel categories Sources
Indicators

Households Natural gas, solar, wind, El.Stat, Eurostat,
biomass, heat, electricity, coal World Bank, OECD

Agriculture Petroleum products, El.Stat, Eurostat,
and Fishing geothermal, electricity, biomass | World Bank, OECD

Services Petroleum products, solar, wind, El.Stat, Eurostat,
electricity, biomass, natural gas | World Bank, OECD

Industry Iron and Steel, Chemical and Lignite, coal, electricity, natural El.Stat, Eurostat,
Petrochemical, Non Ferrous Metals, gas, biomass— biogas World Bank, OECD

Non Metallic Minerals, Transport
equipment, Paper Pulp and Printing,
Wood and Wood Products, Textile
and Leather, Construction, Mining
and Quarrying, Other Industry

Transport Road, Rail, Domestic Aviation, Petroleum products, electricity, El.stat, Eurostat,

Domestic Shipping, Pipelines, natural gas, biomass— biogas World Bank, OECD
Other Transport

Non Energy Petroleum products, natural gas El.Stat, Eurostat,

Fuel Use World Bank, OECD

Demographic Income, Population, GDP PPP, El. Stat, Bank of

-economic GDP MER, IMF GDP forecast, Greece, Eurostat,

indicators Value added Agriculture, Industry, World Bank, OECD

Services.

As can be seen from Table 6, Households’ sector fuel categories used in the model
include natural gas, solar, wind, biomass, heat, electricity and coal. Agriculture and Fishing
fuel categories include petroleum products, geothermal, electricity, and biomass. Services
fuel categories include Petroleum products, solar, wind, electricity, biomass and natural gas.
Industry is further divided into sub-sector, such as iron and steel, chemical and
petrochemical, non- ferrous metals, non-metallic minerals, transport equipment, paper pulp
and printing, wood and wood products, textile and leather, construction, mining and
quarrying, other industry. Transport is divided into road, rail, domestic aviation, domestic
shipping, pipelines, other Transport. Non Energy Fuel Use includes petroleum products and
natural gas. Finally, demographic-economic indicators entail income, population, GDP
PPP’, GDP MER®, IMF GDP forecast’, and value added'® in the sectors of Agriculture and
Fishing, Industry and Services.

* http://www.statistics.gr/

* http://epp.eurostat.ec.europa.eu/portal/page/portal/eurostat/home/
> http://www.bankofgreece.gr/Pages/default.aspx

® http://www.oecd.org/

" GDP PPP: Gross Domestic Product at Purchasing Power Parity.
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3.1.1.2. Transformation Modules

The fuel supply portion of the dataset is divided into five transformation modules:
Distribution Losses, Own Use, Combined Heat and Power (CHP) Production'’, Electricity
Generation and Oil Refining (see Table 7). The LEAP model of Greece includes primary
resources, such as crude oil, lignite, or wind energy and secondary resources such as
electricity or oil products.

Table 7: Fuel Supply dataset of Greece
Module Process types Fuels Sources
Distribution Process Electricity, natural gas EL Stat, Eurostat, PPC'
Losses
Own Use Process Electricity, natural gas, El. Stat, Eurostat, PPC
lignite, petroleum products
CHP Output Fuels Electricity El. Stat, Eurostat, PPC
Production Process Natural gas, lignite, oil, El. Stat, Eurostat, PPC
biomass
Electricity Output Fuels Electricity El. Stat, Eurostat, PPC
Generation Process Natural gas, lignite, oil, El Stat, PPC, CRES", RAE",
biomass-biogas, wind, H.T.S.0.S.A"
photovoltaic, large hydro,
small hydro, geothermal
Oil Refining Process Crude oil El. Stat, Eurostat, PPC
4. Results

4.1 Baseline scenario

In the Baseline Scenario, the historical trends will continue to be the same without
any change. All three scenarios take into account the economic crisis and consequent
decrease in energy consumption. Figure 2 presents the total installed capacity in the
Electricity sector. The changes in fuels use in Figure 2 are described in details in table 8. As
can be observed the use of lignite in the electricity sector in 2020 will decrease by 22% and
in 2030 by 44% compared to the use in 2010. Oil products will decrease by 18% in 2020
and by 35% in 2030. However, there will be a substantial increase in the use of natural gas,
biomass, geothermal, wind, photovoltaic and small hydro energy. The category large hydro
it is not included in the renewable energy resources. The international trend is to exclude
large hydropower projects from the national planning due to the large construction costs and
the intense deterioration of the environment (PPC, 2012;.WWF Greece, 2010)."°

¥ GDP MER: Gross Domestic Product using Market Exchange Rates.

’ IMF GDP forecast: International Monetary Fund Gross Domestic Product forecast.

1% Value Added is the value of a firm's output minus the value of intermediate goods purchased by the firm.

' CHP is the use of single systems for production of both electricity and power.

"2 http://www.dei.gr/

1 http://www.cres.gr/kape/index.htm

" http://www.rae.gr/site/portal.csp

' http://www.desmie.gr/nc/en/home/

' Scale is important when the effect of hydropower on the environment is considered. Large-scale
hydropower sources with dams are a renewable energy source (under the condition that water is preserved and
does not decline) but create serious environmental problems. That is hydropower is considered as a RES but
construction of dams in both large-scale and run of river installations has a negative effect on the aquatic
ecosystem by blocking fish migration and water flows. This leads among others to reduction in fish
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Without any implementation of measures to reduce primary sources of energy
production in electricity sector, such as lignite, based on the current data RES share of
electricity production will increase by 25% in 2020 and by 29% in 2030 as it is shown in
Table 9. The total energy requirements by fuel source over the modeling period are shown
in Figure 3. The RES primary energy demand increases at the expense of fossil fuels such
as lignite because of the announced withdrawals of Power Stations by the Public Power
Corporation. Table 10, depicts the demand energy requirements share per fuel in details as
shown graphically in Figure 3. Generally, without any environmental policy to increase the
share of renweable energy sources in total energy consumption, their percentages will raise
up to 7,3% in 2020 and 8% in 2030.

Figure 2: Capacity projection in Electricity sector (in MW)
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Table 8: Capacity projection in Electricity sector (in MW)

2010 2015 2020 2025 2030
Lignite 6716 5982.3 5248.5 4514.8 3781
Oil Products 2016 1838 1660 1482 1304
Natural Gas 3123 4866.5 6610 7072.5 7535
Large Hydro 2237 2305 2373 2441 2509
Biomass 43 63.3 83.5 100.5 117.6
Geothermal 0 24 79.3 134.7 190
Wind 1230.9 2386.3 3541.6 3885.8 4230
Photovoltaic 158.5 773 1387.5 1411.8 1436
Small Hydro 205 211.3 217.5 223.8 230
Total 15729.4 18449.7 21200.9 21266.9 21332.6

populations and to serious environmental problems. Small, micro- and mini-hydro installations have much
lower environmental effects and in cases of areas without grid access may be an important source of
electricity.
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Table 9: RES share in electricity sector

2010 2015 2020 2025 2030

RES share in electricity production (MW) | 1637.4 | 3457.9 5309.4 5756.6 6203.6

% RES share in electricity production 10.4% | 18.7% 25% 27% 29%

Figure 3: Demand Energy requirements per fuel
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Table 10: Demand Energy requirements share per fuel

1990 2000 2010 2020 2030
Biomass 3.5 4 4.7 5.3 5.6
Electricity 16.9 20 22.1 22.5 25.5
Heat 0 0.2 0.2 0.2 0.2
Natural Gas 0.7 2.1 5.1 6.2 7.2
Oil Products 59.7 58.7 60.6 59.1 51.2
Other Renewable 0.4 0.6 1.1 2 2.4
Solid Fuels 18.8 14.4 6.3 4.7 3.9
Total Renewable 3.9 4.6 5.8 7.3 8

4.2 Target 2020 scenario

As mentioned, the second scenario is based on the European target to develop an
energy efficient and low carbon Europe via an increase to 20% in the share of EU energy
consumption produced from renewable sources. The Greek government promotes the
specific European targets which include RES electricity share (40%), RES heating and
cooling share for household (20%), and RES transport share (10%) in order to achieve the
national target of 20% contribution of the energy produced from RES to the gross final
energy consumption Figure 4 shows the total installed capacity in the electricity sector till
2030. As it can be seen the use of lignite will decrease by 22% in 2020 and by 44% in 2030
compared to the year 2010 as in the baseline scenario.

The difference in this scenario is the smooth increase of energy demand for natural
gas and a greater increase in mmall hydro, biomass, geothermal, wind, and photovoltaic
compared to the baseline scenario as it is depicted in detail in Table 11. In Target 2020
scenario RES share in electricity sector will increase by 40.8% in 2020 and by 42,4% in
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2030 as it is shown in Table 12. RES heating and cooling share (20%) and RES transport
share (10%) targets are depicted in Figures 5 and 6. The primary energy requirements by
fuel source over the modeling period are shown in Figure 7. Specifically, Table 13 shows
the percentage share of total energy consumption demand per fuel. Total renewable share in
energy consumption amounts 20,3% in 2020 and 22,7% in 2030 in the framework of Target
2020 Scenario. In renewable energy resources category only the small-scale hydropower

projects are included and not the large hydro.

Figure 4: Capacity projection in Electricity sector (in MW)
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Table 11: Capacity projection in Electricity sector (in MW)

2030

M Lignite

[l oil Products
M Natural Gas

[ Large_Hydro
[T Biomass

[l Geothermal

[ wind

I Photovoltaic
M small_Hydro

2010 2015 2020 2025 2030
Lignite 6716 5474 4232 4006.5 3781
Oil Products 2016 1808 1600 1452 1304
Natural Gas 3123 3616.5 4110 5822.5 7535
Large Hydro 2237 2305 2373 2441 2509
Biomass 43 107.3 171.5 194.6 217.6
Geothermal 0 24 79.3 134.7 190
Wind 1230.9 3719.7 6208.5 7208.3 8208
Photovoltaic 158.5 926.9 1695.2 1800.6 1906
Small Hydro 205 277.6 350.2 495.2 640.2
Total 15729.4 18259 20819.7 23555.4 26290.8
Table 12: RES share in electricity generation

2010 2015 2020 2025 2030

RES share of electricity production (MW) | 1637.4 | 5055.5 | 8504.7 98334 | 11161.8
% RES share of electricity production 10.4% | 27.7% | 40.8% 41.7% | 42.4%
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Figure 5: Households Energy Consumption per fuel
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Figure 6: Transport Energy Consumption per fuel
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Figure 7: Total Energy Consumption per fuel
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Table 13: Total Energy Consumption share per fuel (%)

2010 | 2015 | 2020 | 2025 | 2030
Biomass 10.7 12.3 13.5 13.8 14.2
Electricity 22.1 223 | 239 25.2 26.5
Heat 0.2 0.2 0.2 0.2 0.2
Natural Gas 5.1 5.5 6.2 6.7 7.2
Oil Products 51.8 49.1 | 44.8 42 394
Other Renewable 3.9 5.5 6.8 7.7 8.5
Solid Fuels 6.3 5 4.7 4.3 3.9
Total Renewable 14.6 17.8 | 20.3 21.5 22.7

4.3 Target 2030 scenario

In Target 2030 scenario we follow the target set by the European Commission to
increase the share of renewable energy penetration by at least 27% in 2030. This will be
achieved by the introduction of RES in industry. Following Heaps et al. (2009) concerning
the industry sector scenario generation, CO, emissions can be further reduced through the
increased use of natural gas, biomass and higher participation of RES in electricity, iron and
steel, cement and chemicals production sectors and in other industrial subsectors. Finally,
we assume a 100% increase of Renewable Energy Sources capacity, which corresponds to
10.216 MW. Specifically, as mentioned above relying on the Hellenic Transmission System
Operator S.A. we assume that till 2030 100% of the non binding offers will be achieved.
Figure 8 and table 14 depict the energy consumption per fuel in the industry sector. Figure 9
depicts the total energy consumption requirements per fuel. As can be seen in Table 15, the
total renewable share in 2030 amounts to 29%.

Figure 8: Industry’s Energy Consumption per fuel
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Table 14: Industry’s Energy Consumption share per fuel

1990 [2000| 2010 | 2020 | 2030
Biomass 2.4 6 7.6 12.4 17.2
Electricity 27.1 | 27 | 36.2 41 43.4
Natural Gas 0 6.1 | 28.3 28.8 31
Solid Fuels 70.4 1 60.9 | 279 17.7 8.3

Figure 9: Energy Consumption per fuel
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Table 15: Energy Consumption share per fuel

2010 | 2015 | 2020 | 2025 (2030
Biomass 10.7 12.3 13.5 152 [21.9
Electricity 22.1 22.3 23.9 25.3 |26.5
Heat 0.2 0.2 0.2 0.2 0.2
Natural Gas 5.1 5.5 6.2 8.5 8.7
Oil Products 51.8 49.1 44 .8 424 1339
Other Renewable 39 5.5 6.8 6.6 7.1
Solid Fuels 6.3 5 4.7 1.9 1.6
Total Renewable 14.6 17.8 20.3 21.8 | 29

4.4 Environment

LEAP allows each technology within the demand (Households, Agriculture and
Fishing, Services, Industry, Transport and Non-Energy Fuel Use) and supply (PPC,
Energy) by the various sectors to be directly linked to emission factors in the Technology
and Environmental Database (hereafter TED). Thus, the model calculates the resulting
emissions from energy demand based on emission factors and other technical characteristics
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taken from TED. The Greek power system has been always considered as particularly
polluting because of the large quantities of CO, emitted by lignite plants.

As it is shown in Figure 10 in the framework of the Baseline scenario CO, emissions
are projected to grow from 39.7 MtCO, to 46.7 MtCO; by 2020 and to 59.6 MtCO, by
2030 (see Table 16)."” Observing the cumulative emissions we notice that the Target 2030
is more favourable in environmental terms than Target 2020 and Baseline scenarios. The
CO; emitted by the energy demand system will increase compared to 1990 levels. However,
carbon intensity in the electricity generation sector in Greece, as shown in Figure 11 and
Table 17, will diminish by 2030 compared to 1990 levels if the policy makers follow the
Target 2030 scenario.

Figure 10: Carbon intensity of Greek energy demand per scenario
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Table 16: Emissions (MtCO,e¢) per scenario in 2020 and 2030
2010 2015 | 2020 | 2025 | 2030
Baseline 39.7 41.9 46.7 52.5 59.6
Target 2020 | 39.7 38.5 41.9 46 51

Target 2030 | 39.7 37.9 41 43.6 46.6

'7 Global Warming Potential (GWP) is an index measuring different GHGs emissions with different lifetimes
and different radiative properties. CO, has a GWP equal to 1 for comparison reasons, CH, and N,O have
GWPs equal to 25 and 298 respectively (Halkos, 2010).

'8 Carbon dioxide equivalent (CO,e) refers to a common unit of different GHGs showing the amount of CO,
resulting to equivalent global warming effect.
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Figure 11: Carbon intensity in Greek electricity generation sector per scenario
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Table 17: Emissions (MtCO,e) per scenario in 2020 and 2030

1990 2000 2010 2020 2030
Baseline 32 38.9 34 32.7 32.2
Target 2020 32 38.9 34 31.8 29.9
Target 2030 32 38.9 34 31 274

4.5 Costs

The types of costs considered are capital costs and operating and maintenance costs as
shown in Table 18. Obviously, the capital cost is the main driver of the annualized
electricity generation cost. As expected, Target 2030 is the most expensive throughout the
projection period as it necessitates more innovative and decisive changes. It also assumes
large investments in clean energy forms. The second most expensive scenario is the Target
2020 scenario throughout the projection period.

As it is clearly observed in Figure 12 the low cost scenario is the Baseline as it does not
require large changes. Specifically, the total cost of Baseline scenario amounts to €1.4 bn in
2020 and €2.2 bn in 2030. The total cost of Target 2020 amounts to €1.8 bn in 2020 and
€2.9 bn in 2020 respectively. Finally, Target 2030 costs €2 bn in 2020 and €3.4 bn in 2030
respectively.'’

' Part of the data used for costs (capital cost and fixed cost) and operating characteristics (efficiency,
availability, etc.) are extracted from IPA Energy and Water Economics (2010).
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Figure 12: Total costs per scenario in 2020 and 2030
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Table 18: Capital costs, fixed Operating and Maintenance (O&M)

Costs

2020

costs per scenario in 2020 and 2030 (in billion €)

2020
Baseline | Target 2020 | Target 2030
Capital costs 0.7 0.9 1.1
Fixed O&M costs 0.7 0.8 0.9
Total cost 1.4 1.8 2
2030
Baseline | Target 2020 | Target 2030
Capital costs 1.3 1.8 2.2
Fixed O&M costs 0.9 1.1 1.2
Total cost 2.2 2.9 34

ENVECON 2014

Baseline
—Target 20
—Target 30

2030
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5. Concluding Remarks

The increasing trend in energy demand worldwide, combined with the predicted
exhaustion of the energy reserves of the planet in conventional energy sources and the
associated environmental problems caused, lead to the necessity of increasing use of RES.
Most countries worldwide and mainly the developed ones are investing heavily in
infrastructure, development and production of energy, from clean sources such as the wind
and the sun. The European Union sets and updates the goals, forwards EU directives and at
the same time supervises the progress of each country-member on the evolution and future
directions in the use of RES.

The aim of this research was to provide a look to the 2030 horizon on the energy and
power system in Greece. From an environmental perspective, the Target 2030 scenario is
the most favorable as it offers the highest decrease in CO, emissions but at the highest cost.
Target 2030 is the most expensive throughout the projection period as it necessitates more
innovative and decisive changes. Although the Baseline scenario is the most emissive
scenario, from an economic point of view is the most favourable. Nonetheless, all the
scenarios include a considerable increase in RES installed capacity. According to Law
L3851/2010, the protection of the climate or the reduction of GHG emissions through the
promotion of electrical energy production from RES, is a crucial element of the energy
sector of the country. The further specific targets include RES electricity share (40%), RES
heating and cooling share (20%), and RES transport share (10%) in order to achieve the
national target of 20% contribution of the energy produced from RES to the gross final
energy consumption. Additionally, the European Commission has set a target to increase the
share of renewable energy penetration at least 27% by 2030.

The dominant role of lignite in electricity generation has to be reversed. The
reduction of the obsolete lignite stations of the Greek energy system will provide
environmental benefits. The redeployment of lignite stations from the power sector, in the
long run, will contribute to climate change mitigation. The scenarios that occurred assume a
substantial shift in the electricity generation mix by 2030, which is anticipated to pose
several challenges. Taking into account the economic recession and the diminished
investments on positive environmental solutions and policies it is of crucial importance to
attract private capital and promote partnership that motivates the utilization of large scale
RES. The RES integration consequently will have positive effects on the reduction of
unemployment and the mobilization of economic activity. Thus securing a clean energy
future for Greece will contribute to create positive perspectives on the economy and the
environment as well.
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Development and evaluation of Mitigation/Adaptation policy portfolios in
countries with emerging economies
PROMITHEAS — 4 project results.
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Iepidnyn

PROMITHEAS — 4 was an EU — FP7 project with 3 years duration (2011-13). The aim of the
project was to support countries with emerging economies™ to develop and implement effective
adaptation / mitigation policy portfolios with regard to post-Kyoto era. It was based on the following
four pillars, i) Intensive knowledge transfer, ii) Development of a reliable data bases for all
beneficiary countries, iii) Development and evaluation of Climate change Mitigation/Adaptation
policy portfolios, iii) Intensive and structured policy dialogue with policy makers and market
stakeholders at national and regional level and iv) Dialogue with international partners. The project
combined an intensive knowledge transfer and capacity building with a comprehensive policy dialog
with the beneficiary governments, mainly through the Black Sea Economic Organization (BSEC).
Policy portfolios for each country were based on an initial mapping of their climate change policies.
Taking into account the international standards and requests, the best suited to their capacities
choices were made concerning the model (LEAP)*', facilitating the implementation of the three
scenarios™ developed, reflecting their Climate Change policies and perspectives. In addition, the
Multi criteria evaluation method AMS was used and a “tailor made” policy tool (MADAT)> was
developed. PROMITHEAS — 4 concluded with twelve national reports. A synthesis of the most
important outcomes concerning their GHG emissions, RES and Energy Efficiency trends and
perspectives are synoptical presented. Most of the countries will face difficulties to participate
actively in a post 2015 (COP21 Paris) international legal instrument, unless additional efforts and
resources will be allocated to them to increase their knowledge and evidence base. It is worth
mentioning that there is an almost complete lack of Adaptation Policies among the countries of our
region. Concluding, the EU FP7 incentive to launch PROMITHEAS - 4 in the region has had a
positive impact in the efforts to increase the awareness on the Climate Change
Mitigation/Adaptation policy issues. It contributed to the knowledge transfer and capacity building
process and has developed a useful evidence base for further incentives that are necessary to be
undertaken, by policy makers and market stakeholders, in the context of the emerging Framework
for Various Approaches (FVA), the New Market Mechanisms (NMM), the National Appropriate
Mitigation Actions (NAMA) and the recognized needs by the countries of the region to
converge with the EU policies towards 2030.

Keywords: Climate change; mitigation; adaptation; FVA; NAMA.

2% Albania, Armenia, Azerbaijan, Bulgaria, Estonia, Kazakhstan, Moldova, Romania, Russian Federation,
Serbia, Turkey and Ukraine

2l LEAP: Long-range Energy Alternatitves Planning model

22 Business As Usual-BAU, Optimistic-OPT, Pessimistic-PES

2 MADAT: Mitigation/ Adaptation Development and Assessment Tool

1° Havelivio Zovédpro Owovopkng tov ductkmv [Topmv kat Tov IepiBdilovtog:
Khpotwikn AAloyn, Borog 26-27 Moptiov 2014
53



-
= )

f."?;:*."-@g ;
ENVECON 2014 -

ENVECON 2014
PROMITHEAS — 4, yopdoceovrag mpdocivo Hovomatio.

H vrépratn mpoxinon

To npdypappa PROMITHEAS — 4 ypnuotodotiOnke omd to 7° IMiaicio Mpdypappo tg
Evponaikng ‘Evooneg. Me ypnuatoddtnon mepimov 1.000.000€ ko 16 etaipovg amd 14
YDOPES, Tpayuatomombnke péoca o tpia ypovia (2011 —2013).

Ot enoeelobleVEG OO TO TPOYPOLUO XDPES EIYOV YOPOUKTNPIOTIKG OVOTTUGGOUEVDV
OLKOVOLLADV KOl TPOEPYOVTIOV Od TNV TepLoyn s Mavpng ®draccag (10), v Ecbovia
Kot o Kalakotdv.

To €pyo avtd evidooetal otig Tpoomdbeieg avipetdniong g Khpotikng AAlaync.

Onwg eaivetal amd 10 TOPOKAT® YPAPNUO, 0 TOYKOGUOS TANOLGHOG TpoPAEneTal va
avénbel dpapatikd ta emduevo POV Kol KOTE GUVETELN, Kol 1 (TNoTm TPOTOYEVODG
evépyelag. Mo tétola avEnon g {NINoNG o€ EVEPYELD TOV EKTOUTMV TOV BeppoknTiov,
nmpokalel dvodo g Beppokpaciog Tov TAAVITY.
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Ewoéva 1: Moykdopog [Indvopoe (1950 — 2100)*

Av ka1 ot ®g Topo ocvlnmoelg eotidlovv oto mhg Ba amopevybei M Gvodo g
Beproxpaciog katd 2 faduovg Keioiov, to Iaykodouo Owkovopukd @dpovp mpoPrénet 0ti
otV mpaypoTikoTnTa, péExpt o 2060, N Beprokpacio Tov TAAVITN avapévetal vo avéndet
péypt kot 6 fabpove Keioiov.

Tétoleg alhayéc oty Beppokpacio Oa empépovv otabepég Kol QUETAKANTEG OAAMYES
otov  vOpoPopo opilovta, OTIG KOAAEPYEIEG, OTO. OIKOGLGTHUOTO KOU OTO  KOPIKE
eavopevo, taykoopiong. H avénon péypt 2° C avapéverar 6t Ba apyicel va emnpedlet tig
KOAMEPYELEG GLTNPOV, HKPOL TayeTdVES Ba apyicovv va MdvVovv, avédvovtog Ty otdiun
™m¢ Bdhaccag, ol kopahoyevelg meployéc Ba avietomicovy mpofAnuata kot Oa yivel

* http://esa.un.org/unpd/wpp/unpp/panel_population.htm
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euPavion e&a1petikd devadv kapik®dv eovopévav. o adEnon g Oepuokpociog kot 6°
C, vmohoyileton 611 0 mAovnTNG Bo €xel va avruetomiost Enpocio kot TV peioon
TOPOUYOYNG CLITNP®V, TNV KdAvyn Enpdg and Bardooio vdata, avénon v vad eEapdvion
€100V, AMPOVG Kot acEVeELEg OTIC TOAELS, KaTanyides, TANUUOPES Kol KAOCWVEC.

Projected impact of climate change

=, & arie i et il
Giobal P Lt )
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Falling crop yields in many areas, pirlruh.rydmdnﬁngmhﬁs
Possibie rising yields in some high latitude regions Falling yields in many developed regions -
Waiter
Small mountain glaciers disappear — Signifs in water i ty in many = e
waler supplies threatened in several amns ( areas, including Mediterranean and Southem .Mfﬁa Sed level rise threatens major ciies
Ecosystems
Exiensive damage io coral reets Ris.'n_n number of species face extinction
Extreme weather events

Rising intensily of storms, forest fires, droughts, flooding and heat waves

Risk of abrupt and major irreversible changes

Increasing risk of dangerous feedbacks and abrupt, large-scale shifis in the l:llrlﬂh.njﬁ'hsu

SounGe: e e ncTars s o e
Ewéva 2: Zenepvavtag o opto twv 2° C

[Mpokeyévov va amopevyBobv ol mapamdve TpoPAéyels, n TpokAnon s Kipatikng
Aloyng pmopel va avtipetomobel povo pe pio mpaovn, Pudoiun kot diKou) oKovouKn
avamtoén.

Avt) m avartuén oeeider vo AdPel vwoyn g ™V oaviipetdmong e KApatikng
Alayng, eotialoviog OG0 otV HElOoN TOV eKTOUTOV ( He 6TOYO TV U LIEPPOCT] TOV
onueiov Twv 2° C, 660 Kol TNV TPOGAPUOYH OTIC UPVNTIKEG EMATAOCELS TG AAAUYNG TOV
KAipotog (Meiwon/ [lpocappoyn).

Emmdéov, yio vo eivor Puooyn Bo mpémer vo kdvel opBoloyikn dwyxeipion Tov
TEPPAAAOVTOG Kot TV SBECIUOV PLGIKOV TOPWOV, TPOSPEPOVTAS TOVTOYPOVO. Lo, dikotn
GUUUETOYN GTNV OIKOVOUIKT] OVATTUEN.

Yoppetéovrog oty Tpoonddsio

To épyo PROMITHEAS — 4, Baciotnke 6€ TPEIS TUADVEC.

Tnv petapopd teyvoyvmoiog oe Bépota avamtuéng mToMTikdv uypdtov Meimong kot
[Ipocaproyng ce VEOUC EMICTNHUOVEG YOPDV HE OVOTTUGGOUEVES OIKOVOMHEG — OTNV
nepintmon Tov €pyov avtov, o€ 12 emweelobueveg yopes, kabmg emiong Kot TNV
dNUovpYicr SIKTOOV ETMKOWVMVING Kol GLVEPYOGTOS HETAED EMOTNUOVOV OO TIC YMPES
OUTEG.
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Tnv yoptoypdonon g mEPOYNG TOL TPOyUATOmOMONKE TO £pyo, HE OKOTO VO
dnpovpynoet Pacelg dedopévov Kot ekbécelg pypdtov toMtikng Meimong/ Ipocappoyng
ov Ba pmopécovv va ypnoiponombovv o peAloviikd Epya. Tavtdypova, n Katoypoen
EMOTNUOVIKOV KEVAOV Kol oavoykov 0Oa Ponbovoe v emilvon mpoPfAnudtov mov
Tapovctdloviol 6TV TEPLoYN Koi gvhhvovtal Yo Tig SuGKOALEG dnUovpYiog TOMTIKGOV N
EPAPUOYNG TOVG.

Téhog, 660nKe W1aiTEPO eVOLOPEPOV GtV eviuépmon Tov KuBepvioemv Tov yopdv Tov
GLUUETEL OV OTO TTPOYPOULE, TNV EVUEP®OT TS AleBvoic kotvotntag (OHE) addd kot g
EVNUEPOONG TOV TOUKTOV NG ayopds (tpamelec, MME, Bounyoavieg), pe oxomd va
Eexvnoel €vag mOMTIKOG O1dA0yog Tov Ba SopOPPOVE PEOMOTIKEG TOMTIKEG, GE Lo
npoondOela emitevéng Tov PEATIOTOL UiYHOTOC QVTOV.

Avantvocovrag piypara romtik®dv Meimong/ Ilpocappoync

OL emoeelovpevol etaipot Tov €pyov oavémrtvéav piypoto moATik®v  Meimong/
[Tpocappoyng ya 1 y®peg tovg, Pacilopevol o €vay evtatikd KOKAO €KTOIOEVONG Kot
petapopdg texvoyvaciog. To kabe idpvpa cvvétale pia eBvikn €kbeon 6mov avépepe TV
dradtkacio avanTuéng TV yHdTmv, Kafdg ETiong Kot Tic SVOKOAEG 1) To TPOPANLOTO TTOV
OVTULETOTIOE.

H xown peBodoroyior mov axorovOncay ot dddeka enmPeLobEVOL £Taipol omapTileTon
amo €61 aAAnroe&opTdpeVa oTAd0L:

1. ZvAhoyn kot emaAnBevomn dedopévav. Ot opddeg TV VEOV ETIOTNUOVOV EKTOLOEHTNKAY
oV onuovpyia Pacewv dedopévov PactkOV KaTNYopPlOV (SNUOYPAPIKA, OIKOVOUIKAL,
KMUOTIKG Kol evepysloka) amd emionues eBvikég katd mpotepordtnta 1 debveic mnyés,
®oTE va EAGPAAIcCOVY TNV peyodlvTEPT duvath aSl0TIoTior TV SESOUEVMV TOVG,.

2. Avantoén oevapiov. Ot opddec v eTaipov akolobONcov KOwEG 0onyies yio TV
avanTLEN TOV TPIOV CEVOPIOV Yo TIG YOPES TOVG, AdpuPdvovtag vaoym T €Bvikég
VIOYPEDGCELS OTIG OToieg £xel deopevbel M y®dPO. TOLG Kol TO. TOMTIKA £PYOAEio. OV
epapuolovral oe ovtég (€og ko 31.12.10) 1 mov €yovv mpoypaupaticdel | Tpotabel va
epappoctovv (amd v 1.1.11). Ta ocevapla mov avamtdyOnkav frov Business As Usual
(BAU), Optimistic (OPT), Pessimistic (PES).

3. 'Exovtac AdPet vmdym TG avaykes Kot o KEVEL OEOOUEVMV TTOV LINPYOV OTIG YDPES
OUTEG, M EMOTNIOVIKTY ETTPOTN TOL £pyov Paciotnke otnv €kbeon TV taipmV moL iy
avaldafel va avadeifovv 10 PEATIOTO evepyelakd povtélo kou eméleée 1o Long — range
Energy Alternatives Planning (LEAP) system.

A@0oU eKTTAIOEVHTNKAV GTNV XPNON TOV, Ol ETALPOL GLVEdESAV TIG £OVIKES BAoELS dedopuEvarv
0TO0 AOYIOHIKO TOL HOVTEAOVL, OOUNGOV TO MOVTEAD KOl TIG TOPAUETPOVS OVTIGTOLYOL LE TIG
TEPLYPAPEG KL TO YOPUKTNPLOTIKA 7OV TEPLYpdpovIay ota oevdplo, dopbwcav Kot
pOOcay Tuoyov mopaeiyelg kvpimg ot Baoceig Aedopévov kot Elafav to GYETIKA
OTOTEAEGLLOTOL Y10 TPiOL GEVAPLOL.

4. To omoteAéopato ovtd ypnowomombnkoyv yw va Spopewboldv ta piypoto
TOMTIK®V, 0o To oevapLa Tov ypnooromdnkav (BAU, OPT, PES).

5. Ta piypoato ovtd, o€ cuvdvaopd pe emkaipomomuévn Pipaoypaeia, atoroynnkov
amd TtV ToAv-Kputnplokn péBodo a&lordoynong AMS, Babuoioyovueva pe tpio kKprrinplo:
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TIG TEPPAALOVTIKEG TOVG EMOOGELS, TNV TOMTIKNG TOV 0000y Kol TNV CKOTIHOTNTO TNG
EPAPLOYNG TOVG, OVOSEIKVIOVTAG £TGL TO BEATIOTO piypo toltikng Meimong/ Ilpocappoyng
6. Aappdavovtog voym toug £Bvikovs 6TOYOVG TNG KAOE YDpaS, To dedopéva TG KoL TV
a&loAoyNnon TV TPIOV UIYHATOV, 01 £ToIPOl KATEANENV OTO [iYHOTO TOAMTIK®V KAUATIKNAG
aALaynG, ©g Tpog TV Meiwon.

IMoATikog dLdA0y0g

Onwg npoavapépdnke, oto Epyo PROMITHEAS — 4 1 evnuépmoon tov kuPepviiceny, Tov
0pYAV®V ANYNG ATOPAGE®Y, TOV TOIKTOV TNG 0YOPAs aALd Kat TG 01e0vog KovoTNnTog
OTOTEAEGE ONUAVTIKY TpOoTEpAOTNTA. 100 TNV EMiTEVEN TOV GTOYWOV AVTOV,
TPOLYLOTOTO ONKOV TO TOPOKATO:

®  Svveyng Evnuépwon tov kufepvnoemv Tov dMOEKN ETMPELOVUEVOV XOPOV LE

QOGTOAT] EKOEGEMV GE NAEKTPOVIKT KOl EKTUTOUEVT] LOPON
®  Xvveyng evnueépmon g emttponny Owovopkov kot Kowvovikav Xyxécewv tov OHE

® Tlapovoiaon evdiduecwv aroterecudtov o cuvepyacio pe v PERMIS - BSEC:
Tpeic (3) drwmovpyiKég GLVOVTIGELS

o ovvedpldoelc opddmv epyaciog tov yopmv tov BSEC

o Mia (1) ovvedpiaon g AwkotvoPovigvtikng emtpomng tov BSEC

o Avo (2) d1ebv cuvedpla

O

®  Amodeka (12) eBvikd cuvédpla Topovsioong Kot oYOAMACUOD TEMK®OV EKOECEDV LE
GUUUETOYY] VTOVPYEIWV KO EKTPOCOTMV TNG 0yOPag

® ’Eva (1) 61e6vég cuvEdpLo Tapovoiaons TEAMK®V EKDECEDV Kol GUUTEPACUATOV

Meta@opa TeXvoyvOGiag

H petapopd teyvoyvociog yio tnv mpaypatomroinon tov £pyov Ntav {OTIKNG onuaciog
mapdyov. Ot etaipotl ekmodednKay pHe EEAPETIKA EVTOTIKO pLOUO, MoTe va gival og BEon
Vo umopodv vo. avartoEovv kot vo, vootnpifovv eBvikég exOECEIG YUATOV TOAMTIKNG
YOPIG ™MV avaykn xpnong EEVoV QopEéwv, YPNCILOTOLOVTOG EMIoNUES €OVIKES TYEg Kot
ompilovtag e OOTN TEKUNPIDGCT) TO GUUTEPAGLOTO CALA KO TIG OVAYKESG TOV EVIOTIGOV.

INo v exnaidevon tovg, apyika elxe Tpoypappatiodel o eEqunvn mepiodog pabnuaTmv
oe nAektpovikn mhateopuo (e — class) 6mov amd tovg 110 cvppetéyovreg, ot 25 pdvo
mépacay emMTVYOG TS €€eTdoelg kol KANOnkav vo mapoakolovbnoovv oty ABnva 10
Yepwvapro Merétng Ebvikav Tlepummtooemv. Katd v didpkeior ovtov, toug {nthdnke va
0AOKANP®GOVY G Ui efdopdda pa Pacikn €ékbeon pypdtov moAtikne, Pacilopevol ota
€61 Puata g mpoavapepbeicag pebodoroyiag, mov giyov MOM dwaybel katd tovg &L
HNVES XPNONG TNG NAEKTPOVIKTG TAATOOPLAG.

[Tapdin v duabeon vAKOV, AoYIGUIK®OV, BA0Ypaeiag Kol TapadEyLATOV, YPEIOTNKE
vo. opyaveBov EMTALOV TPEIS EVIATIKEG EKTMOIOEVOELS, WHE OTOXELOUEVEC OepaTikég
AVOAOYMOC TV OVOYKDV, Y10 VO, LTOPEGOLY VO OAOKANPDOGOLV TIG £0VIKEG TOVG ekBEoelg —
TPOTAcELS pypdtov moltikig Melwong/ Tlpocappoyne, mov amoteAovooyV Kol TopadoTéa
TOL £PYOV.
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Extéc and toug opyavopévoug KOKAOVG eKTaidguons, OnuovpynOnke ylo Tig avaykes T@v
véov emomuéveov  Tov  efvikov  opddmv  éva  dikTvo, OTMOV  UTOPOLGAV VO
aAAndoevnuepmvovial, vo vrootnpilovior petad tovg oAAL Kupimg, Vo £QOLV JloPKY|
emapn Kot fondela and TOV GLVTOVIGTH TOV £PYOV OV Elxe avaAdPeL Kot TNV EKTOIdEVOT|
tovg. [ Tov 6KoTo VT YPNGILOTOMONKE 1) TNAE-EKTOIOEVOT HEG® AOYIGIIKAOV OAAG KO
N dMuovpyia @OpovH KAOMG Kot aALGOMTY aAANAoypagia (chain mails).

Taoeig kon TpoonTikég

Ao ol amrA] TOpOTPNGT TOL THVOKO, TPOKVITEL OTL Ol YMPES TNG TEPLOYNG CTEPOVVTOL
TOATIKOV OVIETOTIONG TOV TPOPANUATOV OV GTOSOKE SUHOPPOVOVTOL OO TNV
KMpatikrp AAMayn Kot auti] 1 KoTdotoon oQeiAetol oty MM TANPOGOPNGN YL TOVG
enepyouevovg kvovtvous. Oco de apopd yio TNV Tapovsior EPY®V TOL AVTICTOLYOVV GTOVG
Mnyaviopotg tov Kioto, avt yopoxtnpiletor ¢ opeAntéo, pe koabopd ETOEKTIKO
YOPOKTNPO.

Hivaxag 1: Zvppetoyn otovg unyavicpovs Kioto

Ratification Registered CDM Emission trading Adaptation
of Kyoto projects policy
protocol
Albania 01.04.2005 3 - -
Armenia 25.04.2003 6 - -
Azerbaijan| 28.09.2000 5 - NEE
Bulgaria 15.08.2002 | Annex B country EU-ETS,JI, GIS e
Georgia 16.06.1999 6 - —
Greece 31.05.2002 | Annex B country EU-ETS \
Kazakhstan| 19.06.2009 | Annex B country National ETS| —
(2014)
Moldova 22.04.2003 8 - -
Romania 19.03.2001 Annex B country EU-ETS,JL,GIS NE
Russia 18.11.2004 | Annex B country JI, GIS —
Serbia 19.10.2007 6 - -
Turkey 28.05.2009 - voluntary carbon| —
market
Ukraine 12.04.2004 | Annex B country JI, GIS —

' * Metagopd g 0dnyiag 2007/60/EK yia v a&loAdynon kot dioyeipton tov Kvdhvey TAnpuipog

V' ** Aayeipion & téAn vepod (2003, 2011)
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H swdva 3 deiyver 116 avapevopeves ekmounés CO; ebv emaindevbovv ot wpoPAéyelg yia
TNV OIKOVOUIKT] OVATTUEN TOV YOP®V TOL TPOYPAUUOTOS. Mio TPOOMTIK) 7ov dgv
ovpPadilel pe OTo TOATIKY SOUKNPVEN Y10 GUUUETOYN] TOV YOPADV QLTOV OTIS TOYKOCULES
npoondabeieg avripetdmiong g Kipatiknig AALoyng.

CO2 emissions per capita
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Ewova 3: Exmounég Ato&eidiov tov dvOpaka

H ewova 4 mapovoidler tovg otdyovg M emitevén TV Omoi®V OmoUTeEl GNUOVTIKY
AVOKOTAVOUN TOP®V GE VTTOJOUESG, EMEVOVOELS, O TPACIVEG TEXVOLOYiEG Kot HETAPOAEG O
KOW®MVIKEG CUUTEPLUPOPEG TTOV OKOUT OEV EIVOIL OPOTEC.
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Ewova 4: Z10y01 peimong ekmopnov CO, péxpt to 2020
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O1 yopeg mov dev eppavifovv otdyovs peimong etvar avtég mov gite dev £xovv decuevdet
Yo LEI®OT TOV POT®V TOVG, €1T€ OgV LILAPYOVY S10BEGIIA HEGOUEVO TTOV VO TEKUNPLOVOLY
v Vmopén eOvViKoOV 6TO V.

2y ewova 5, 6Aeg ol ympeg eppaviovtol vo SloTnpovy TG GLUUPATIKEG GUUTEPLPOPES
GUVOEGTC TNG OIKOVOLIKTNG TOVG OVATTTLUENG LLE TNV EVEPYELOKT) GOTAAN. AV aOTH 1 TAGT deV
KatooTtel dLVVOTO Vo avaTPAmEl, TOTE 1) CLUVOPOUN TMOV YWPAOV CLTOV OTN HElmoN TOV
ekmoun®mv CO; o mapopeivel mEPLOPIOUEWD.

Final energy consumption per capita

18

16 Albania

14 / ——— Armenia
/ —a— Azerbaijan
12 —><—Bulgaria
10 / —— Kazakhstan
/ /K —e— Moldova
8 o —t— Romania
/‘/)Q// ——Russia
/ ——— Serbia
—ae— Turkey

toe/capita

—a— Ukraine

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2015 2020 2025 2030 2035 2040 2045 2050

Ewova 5: Tehkn evepyetokn Katavaimon (Kotd KeQaAn)

Me @bivovoa celpd, TNV HEYOADTEPY EVEPYELOKT] KATA KEQPOAT KOTAVAA®GN £YOLV 1
Pwoia, to Kalakotdy, n Ovkpavio kot 1 ZepPia.
XVoKeVEG

Albania

Armenia

Azerbaijan

Bulgaria
Kazakhstan
Moldova
Romania
Russia

Serbia

Ukraine

Mg moMTikd epyaleio
Xopig moltikd gpyoreia
* Awatpnon Bepudtmrac, evepyelakd TpdTuTo Kot LOVOST, dloyelpion TG evEPYELNS

1° Haveiigvio Zovédpro Owkovoukng tov @uoikdv ITopmv kat tov IMeptpdrlovtoc:
Khpotwikn AAloyn, Borog 26-27 Moptiov 2014
60



ENVECON 2014

Yvopnepdopato
I'evika
2AETIKG. UE TOMTIKES TV YWPADOV

[Mopd TG TMOMTIKEG OlOKNPVEELS, Ol TEPIGOOTEPES MO TIS EMOPEAOVUEVEG YDPES
OTEPOVVTOL GUVEKTIKMV TOMTIKGOV peimons tov ekmounmv CO, evd tantdypova, amnd OAeg
oXeS0V TIC ETMPEAOVUEVES YDPES, OMOVGLALOVY TOMTIKEG TPOGOPLOYS.

H npo®Onom moAtikdv ATIE yivetat yopic 60vOEoN e GUYKPOTNUEVEG TOMTIKEG LEIMONG
EKTOUTOV KO 1] EPOPLROYN TV unyovicpdv tov Kioto (CDM, ETS, JI) vip&e vrotunmong
£MC OVOTOPKTY.
2AETIKG UE AVAYKES KO OVVOULKO

O yopeg ™G TepLoyNs 0ev daBETovy To avaykaio avOp®OTIVO SVVAIIKO TPOKEUEVOL VO
GLUUETACYOVV evEPYA Kot Vo eT®PEANB0HV ad Tovg vTd cuykpOTNoN NEovg Mrnyavicrovg
™m¢ Ayopdag.

Yrhpyer onuovtikd EALEHO EVNUEPMONG OTIC KOWMVIEG TOV YOPOV OLTOV OALAL
TOVTOYPOVA, VIAPYEL VO CNUAVTIKO OLVOUIKO Yoo T HEI®ON NG EVEPYELNKNG EVTAOTG
(eBViKO Kot TEPLPEPELIKO EMITEDO).

Meimon Evepyeroxig Evraong

Onwg mpoxdmtel omd TNV TOPOVCINGCT] TV CYETIKOV YPOENUATOV, 1 Helwon g
gvepyelokng évtaomng Oyt povo glval ikt otnv mepoyn tov xop®v tov PROMITHEAS —
4, aALG amotelel evkatpio Y100 GUUPETOYN OTNV TPOoTADEL Yo TPAGTVY Prdotun Kot dikon
OIKOVOLUKT avAmTuén.

Avto pmopel vo emrevyfel petald dAAmv pe TV adENCN TOV TPOTOHT®V EVEPYELNKNG
amddoong, v evBdppuvon NG XPNONS TPASIVOV TEXVOAOYLDY KOl EVGVOV JIKTO®V, TNV
KaOEpmon  SOMPAYUATEVGIU®Y  TOTOMOMTIKAOV Y10, OAOV TV €OV TIS OTOPVYES
EKTOUMMV KoL TEAOG, HE TNV EVIGYLON ETAPEIDOV TOPOYNG EVEPYEWS HE VLANPEGIES
€€OIKOVOUN GG EVEPYELOG.

Avaykeg yvoong

H otpoer| and v «kaeé» oty «mpdoivny otkovopio amortel oyvp evoopdtmon
YVOONG 6€ OAQ TOL EMIMES QL.

H pete&éMén wog omdtoing, meptBaAloviikd KOTaGTPOPIKNG Kol pUTOYOVOS OIKOVO TG,
o€ (o owkovopio opBAOYIKNG YPONG TV PLGIK® TOP®V, ONUIOVPYING VEDV 0yOpdV TOV Vi
OLVOEOVV TIC OLKOVOUIKEG OpOCTNPIOTNTEG WHE TNV OVIIHETOTIONG TNG TPOKANGNG NG
KMpotikng AAayng, amoitobv 1o vp1| Topoyyn Kol EVOOUATMON YVAOGCTG Kol KOVOTORI0G
o€ OAEG TIC TAPOUYWOYIKES KOl KOWMVIKEG OpaGTNPLOTNTEG LOG.

To épyo PROMITHEAS — 4 avédeile 11g avaykeg o€ YVAGELS, TOGO GTO EMMESO TOV
TOMTIK®V, 0G0 K0l GTO EMMESO TNG LIOGTHPIENG TMV.

Mo tovg Amteg anoedcewv, Ba ypelaotel n ypnon kKot avamtuén a&lomotov Pacemv
O€QOUEVOV, KATL TOV amouTel TNV EKTAUOELON YPNOTMOV GTNV VOOTPOTIO TNG TEKUNPI®ONG
G a&lomoTiog TV SESOUEVMV TTOV YPTGLLOTOLOVV.

Onwg maponpnnke katd v O1APKEW TOV TPOYPAUUATOS, OKOHO Kot LYNAOBoduo
oTeEAEYM KLPEPVICE®Y KOl EKTOOEVTIKAOV WOPVUAT®OV EXOVV avaykn omd eKTaidevoT Kot
dwpkn evnuépwon o Bépata avantuéng cevapiov, xpnons vrobicemy, TAPUUETP®V Kot
TPOTOTMOM|CEMY, OVOYVMDPIONG TOL TIO EVEMKTOV KOl OTOTEAECUATIKOD HOVTEAOVL, NG
nefdoov agloAdynonc, Kat dStapdpemong prypdtoy moitikng Meimong/ Ipocappoyng.
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E&oupetikd onpovtiky ivol n KGALYN TG avaykng yio. KOvevikn gvaicintomoinon twv
vevfHvev Yo TV x4paln TOV TOMTIKOV TG KABE ympog, OTMG Kol TV Laevdivov
POPEMV — TAKTAV TG OLYOPALG.

Téhog, Ba mpémel va emonuovOel ot 660 M evnuépwon Kot 1 gvaicHntomoinon g
KOW®OVIOG TOPOUEVEL EAMTING KOL OVOTOTEAEGUATIKY], TOATIKEG TOV SLOUOPPDOVOVTOL GE
VYNAA emimedo Bo GLVAVTOUV 1oYLPE EUTOSIO. GTNV EPOPUOYT TOLS, KOOGS Oa Epyovtal
OVTIHETOTEG UE KOTECTNUEVEG KOWMVIKEG GULUTEPLPOPES TOL TopeAbovioc. H avaykn
OVTILETOTIONG TNG VTEPTOTNG TPOKANGCNG 7oL oavoapépbnke apywkd, elvalr TOAD o
eneiyovso and 660 eovTalONOoTE.
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AoTkO TePIPaiiov Kol pOTAVON: 0VAAVGT] CUYKEVIPMDGE®V ULMOPOVUEVOV
ocopoTdiov ot teproyr] Tov PM;y kot PM, 5

I. Opdrag', A. Kovykohog', Z. Moivtoc' kan K. Erev0epradng’
Moavemotimo Ocoooiiog, TTodvteyviky Zyoh, TuAuo Mmyavikdv Xopotakiog
[Toleodopiag, Xmwpotaiag kot [Teprpepetaxng Avamtuéng, Boiog, 38334 Mayvnoia
’EKE®E Anpokprroc, Epyaotipto Ileppéirovioc kot Padievépylac, Ivotitovto ITupnvikic
Teyvoroyiag kot AktivoPoAriag, Ay. ITapackevn, 15341 Abnva
elefther@ipta.demokritos.gr

Hepitnyn

210 ApBpo aVTO AVAADOVTOL TO ATOTEAEGLLOTO LETPTCEMY OV JEVEPYNOMNKOV OTNV AGTIKN
neployn g mOANG Tov BOAov, 610 mhaicio tov wpoypappatog [eptParloviikng [ToAttikng
Life+ ACEPT-AIR. ZXvykekpiuéva, o©T10 GpOpo HEAETOVIOL Ol GULYKEVIPOGEL TMV
OLOPOVUEVOV COUOTIOIMV aePOSVVOLIKNG SOUETPOL HkpOTEPNS TV 10 um (PMiy) ko
pkpotepng ¢ 2.5um (PMys) amd 1€00epic Oatdéels detypatoAnyiog aEepOAVUOTOS O
KatdAMAa @iAtpa gvplokdpeva oto otobuo pétpnong g lleprpeperokng Evomntog
Mayvnoiog kot Zmopddmv, o omoiog €lval €yKaTESTNUEVOG 0TO0 KEVIPO NG mOANG. Ot
avoADGELG TTOL TTopovolalovtal kaAvTTovy T Bepun mepiodo Tov £tovg 2011 (Avyovatog)
Kot TV yoypn mepiodo tov €tovg 2012 (Pefpovdplog). Amd v avaivon Tov ANedEvimv
otoleiwv mpocsdiopilovtar Kot aE0A0YOVVTOL T EMIMESN TOV HECHOV ETOYIKMY TNG YNMUIKNG
oUOTOONG TOV OLOPOVUEVOV COHOTIOI®V otnv mOAN Ttov Bolov kot katafdiieton
TPOOoTAOEI, GUYKPIONG UE OMOTEAECUATO OVTIOTOLY®MV UEAETMV, TOV £(OVV TOPOVGLUCTEL
ot o1ebvn PipAtoypagia kot apopovv GAAES TEPLOYES.

AéEeig Kierora: aonixn poravon, aiwpodueva owuotioro. PM g, PM, 5, BoAog.

1. EIZXATQI'H

H av&avopevn ekProunydvion 6€ GuVOLAGUO HE TNV TOVTOYPOVI] OVATTLEN Kol TNV
adENON TG TLKVOTNTOG TOV AGTIKAOV TEPLOYMY EIVOL GTEVE GUVOEDEUEVES LLE TNV EUEAVION
TePPAALOVTIKOV TPoPANUaTOV. ATO TIG apyEs TG dekaetiag Tov ‘80 katéotn capic OtL, M
OTHLOCQOIPIKY] pOTTavon emnpealel apvntikd v vyela Tov aviporov Kout tov {dov,
npokaAel {nuég ot PAGSTNON, TNV TOWOTNTO TOV OGTIKOV €04(POVE Kol 6Ta VAIKA. Ot
APVNTIKES EMOPAGELS OEV OLPOPOVV LOVO TIG HEeYAAeS TOAELG OAAG KO TIG pecaiov peyEBoug
aotikég meployes. [loAlol epevvntég €xouvv HEAETNOEL TO TPOPANUOTO OTHLOGQULPIKNG
POTTOVONG OTIG HEGOIOVL HeYEBOVG AOTIKES TEPLOYEG IOV YopaKTNPILOVTOL 0T VYNAN OGTIKY|
TUKVOTNTO KoL £YOVV EYKATECTNUEVEG OTOV TEPLACTIKO KUPIOG YDPO PLOpMYOVIKEG LOVADES
(Ziomas et al. 1989, Kelessis, 2001, Papamanolis, 2001, Triantafillou et al. 2002,
Karandinos-Riga et al. 2006, Karanasiou et al. 2007b, Karanasiou et al.2009, Papanastasiou
and Melas, 2009, Proias ef al. 2009, Papaioannou ef al. 2010).

Ta atHOCEOIPIKA GEPOADUATO UTOPOVV VO YOPOKTNPIGTOVYV G TOAD «OLVOUIKOG
mapdyoviocy mov emnpedlel v avipomvn {on pe moAhovg Tpomovg. Ot ducpeveic
EMNTOCELG OTNV avOp®OTIVI vYeio TOV TPOoKEAOVVTOL ad TO. VYNAAL ETITEID GLYKEVTPMONG
ATHOGPUPIKOV GOUATOIOV Ppiokovial 6TO EXIKEVTIPO TOL EMIGTNLOVIKOD EVOLAPEPOVTOG
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Tov oxetikov gpevvav (Wallace, 2000, Nastos 2008, Nastos et al. 2010, Samoli et al.
2011).

AvoQopikd pe TN G0CTOCY TOVG, TO OLWPOVUEVE COUOTION amoTEAOVVIOL Omd Mo
avopyovn @aon (oteped avopyovo LAKO, VIATOSIOAVTE avOpyovo GAOTO, GTOUXELNKOG
avOpakag, K.4.) Kot P opyavikn eaomn (opyoavikdg dvBpakag). To pikpd copotidlo pmopet
va meptEyovy Beukd, vitpikd, oppdvio, pHOALPdo, oTolyelokd AvOpako Kol OpYOVIKEG
evooele. Ta copatidln avtd Eovv Kuplng avOpwmoyevhy TPOEAEVOT), AV Kol EVO CUAVTIKO
TOGOGTO TOLG OQEileTOl OTIC QUOIKEG TupKayles. Avtifeto, ta peydlo copotion
ATOTEAOVVTOL KVUPI®G atd LAIKA TOL GuVOVTAUE 6T0 PAOLO TG I'g (Tupitikd dAata, ofeidia
TOL OpYIAiov, TOv acPecTiov, TOL GLONPOVL, K.6.) KOl TOVG MKENVOLS (VATPLO Kot YADPL0).
Opiopéva ouoTaTIKE, OTMG TO VITPIKA 1) Ta {Yvn UETAAA®V, BpicKoviol TOCO GTO LIKPA OGO
KOl OTO, LEYAAQ GO UATIO.

Ta ciwpodpeva copatiow, g ATHOCEUPIKOS POTOG, ATOTEAOVV £vol LETYUO OTEPEDY
KoL VYPOV COUOTOIWV oL TolKiAovy og péyebog, ovvheon katl mpoéievon. Enedn udvo ta
TOAD LKPE GOUATIOW UTopohV LE TNV EICTVON VO, PTAGOVY UEXPL TO TEAIKA TUNLLOTO TOV
OVOTTVELOTIKOD O0EVOPOL, O OPOC «EICTVEOUEVO, COUOTIOW» € oplopod meptiapPdavet
OOUOTIOW UE OEPOOLVOUIKT] OapETpO kpdTtepn Tov 10 um (PM;), mov evamotiBevion
KUPIWG OTIC KVYEAIDES TOV TVELUOVAOV KOl LE TNV TAPOS0 TOL Y¥POVOL ETIPEPOVY GOPaPES
BAGPec otnv avBpamivn vyeia (Churg and Brauer 2000).

O1 eMONUIOAOYIKES EPEVVEC TV TEAEVTOI®MV JEKAETIOV dElYVOUY avénuévn voonpdtnta
Kot OvnolomNTo. 68 OOTIKEG TEPOYES AOY® VYNADV GCUYKEVIPMGEMYV OULMPOVUEVOV
EIOTVEOUEVOV COUATIOI®V, WOHTEPA QVTOV HE UIKPN aepoduvapukn dtdpetpo PMjp ko
PM; 5 (Seaton et al. 1995, Prichard et al. 1996, Schwartz et al. 1996, Costa and Dreher
1997, Pope et al. 2002). Zuven®g, Ol ENMTMOGELS TOV AOPOVUEVOV COUATIOIMV TNV vYEin
TV avBponov gival onuavtikég kot kabopilovral 1660 amd to péyeog tovg, 660 Kot and
T XMWKN Tovg cvotacn. Moakpoypdvia, 1 EIGTVOT COUATIOIMV TPOKOAEL SIAPOPES LOPPEG
TVELLOVOKOVIAGE®V, AGOUATOG 1], OE OPICUEVES TEPIMTMOGELG, KOPKIVOYEVEDN.

To épyo ACEPT-AIR, &vtdég 10U mAOIGiov TOL OmOiOL £ytvav Ol PETPNOELS TOV
enpavifovtal 6to apHpo ovtd, oToYEVEL: (0) OTNV AVASEEN TNG OXETIKNG CLUPOANG TV
TOAMOTAGDV  avOpOTOYEVOV Kol CGAA®V TNYOV OTIS TOPATPOVUEVEG GUYKEVIPDGELS
aEPOALUATOV GTOV aépa, (B) oV KATAYPOEN TNG OYETIKNG GUUPBOANG TOV OEVTEPOYEVHOG
TOPOYOUEVOV COHOTOIOV ©€ GYECN UE TO TOPAYOUEVO Oond TPMOTOYEVELG TNYEC,
Aappévovtog vToyn TG aTHOCEUPIKEG cLuVONKEG Ol omoieg GupuPdAlovv oTn dnpovpyia
TPOTOYEVOV KOl SEVTEPOYEVDV OULMPOVUEVOV COUOTIOWOV, OVAAOYO KOl UE TO YOPUKTI PO
K6G0e Tomobeciag.

H méAn tov Borov eivor pio mopdxtio mOAN pecaiov pey€Bovg oty mePLoyn g
®eoocaliog mov exteiveTal kKaTd pKog Tov Popetov Tunpatog Tov Ioyaontkod KoAmov,
omv avatoAkn axt) g Kevipikng EALGdag. Elvor por amd tig eAAnvikég moOAES Tov
VIOPEPOLVY AO TNV ATHOCPULPIKN purtaven. H mepintwon tov Bolov sivar éva evolapépov
TapAdEYO, OOV KOTA TIG TEAELTOAES OEKOETIEG T OOTIKOTMOINON KOl 1 avENUEVN
exPropnyavion €xovv ¢ amotéAecpa TV VIOPAOuon ¢ mToWTNTAG TOL 0EPO OTNV
nepoyn. Ot petemporoyikol Tapdyovteg dadpapatilovy onUavTKO pOAO GTNV AVATTLEN
NG OTUOCPOIPIKNG pOTTAVoNG, v 1 oOVOeTN Tomoypagio. Tov BoOAov o&vvel emeicodo
OTHLOGQOIPIKNG PUTOVOT|G.
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O kvplog 6TdY0G TOV APBpPOL Elvar 1 AVAALGT TNG YNUKNAG GVGTAOTG TOV MPOVUEVMV
copatdiov oty oA tov Borov. Ta amoteléopata g avaAlvong aQopovy TN ¥NUKN
avaALoT TOL KAGoUOTOG TeV elomveboiuwv (PMjp) kot tov avarvevoipumv (PMas)
alPovUEVOV couaTdiov 6Tto BOAo, o 300 ypovikéc Tepltddovg mov KoAVTTOUY TN Ogpun
nepiodo (Avyovotog 2011) kan v yoypn mepiodo (Pefpovdprog 2012) Tov £Tovg.

2. AEPIA PYITANXZH KAI EHNIAHMIOAOI'IKEX MEAETEX

Extog amd 10 péyebog kot ™ ynuikn cHGTAON TV GUYKEVIPMOEMY TMOV OLOPOVUEVOV
EIOTVEOLEVOV COUOTIOIWV, LTAPYOLV Kol GAAOL TOPAYOVTIES, OTMG Ol UETEMPOAOYIKEG
ouvOnkeg, 0 10T6g TOV TOAE®V, GAAG KOl 1] GUVEPYELD UETAED TMV PUTOYOVAOV YNIKOV
OVCL®V OV NN PedLovVY Ta eMimeda TNG aTpocPoptkg pvmavong (Nastos et al. 2006, 2008,
Larissi et al. 2010). Eivar 11 yvowoto amd v emoyn tov Immokpdtn (450 m.X.) ot
KMpotohoykol mopdyovtes, Onwg n Bepuokpacio Kot 1 GXETIKN vVYpacia, ExNPeaiovy TV
avOpomvn vyeio. H dmoyn avt) evioydeton kol omd  EMONMOAOYIKE  oTOU)ElOL.
Xopaxktnplotikd avoaeépovtal ol kavcsmveg tov 1976, 1995 kar tov 1998 oty moAN TO0V
Aovdivov, 6tovg omoiovg amoddnke N katd 15% avénon g ohkng Bvnoodmrog Katd ™
JLapKE TOV NUEPDV TNG awéEnuévng Bepurokpacioc (Seaton et al. 1995, Hajat et al. 2002)
Kol 0 Kavowvog Tov Tovdiov tov 1987 oty ABnva, mov cuoyetiotnke pe 2000 emmiéov
Bavdrove, Snhadn pe 97% avénon g nuepnoag Bvnopodtrog (Katsouyanni ef al. 1993,
Panagiotakos et al. 2004).

Ievikdtepa, amd oyetikég peAéteg £xel damotmbel 6T, N avénon g Beppokpaciog Tov
ATHOGQIPIKOV a€pa Kot 1) dNpiovpyio. cuvOnK®V Kavowvae omotehovy aitio. Bavitov oe
TOAAEG YMPEG Kot avEAVEL T voonpotnta. 6€ cuyvotnto kot €vtoor. Ewdwotepa, oty
EMGda 6o kdpato kavowva moapatnpndnkav to kohokaipt tov 2007 pe cvvémela tnv
TPOKANON avéENUEVOL aptBpod KPOLGHAT®OV Voo pOTNTaS o€ gvaichnteg opddec tov
minBvopov (Theoharatos et al. 2010). Téhog, amd peAétn mov €ywve oe 44 mOAELG TV
H.ILA. €3gi&e 611 n avénpévn Bvnoludtta GUVOEETOL e TNV VYNAN UeTAfANTOTNTO TOV
nuepnolov Beppokpacimv tov karokoiplod (McMichael and Beaglehole 2000).

O 0épog mov avamvEOLUE TEPIEXEL OAPOPa EMIMESD PUT®V, TOL KLPIWG TPOEPYOVTOL
amd TNV Kadon OPLKIMV KOLGIH®V, OTMG OTe avToKivnta, otn Prounyovio Kot otnv
mapoyoyn evépyswng. Ot mBavég EMNTOCELS TNG OTHOCPAIPIKNG pOTTAVONG o1 dNUocLa
vyeio. LTOPOVY VO EKPPACTOVV UE OAPOPOVG OEIKTEG OTMG 1 HEIDOT TOL TPOGIOKILOV
CoMg, 0 apBpdc Tov TPowpmV BovaTmv Kol 0 aplBpdc TOV EIGOYMYMY GTO VOGOKOUED.
[ToAAEG emMONUIOAOYIKES HEAETEG TTOL EYVOV G TMPA £0VV Oei&el O)L LOVO Lo GLGYETION
HeTa&D TNG OTUOGPOPIKNG PUTOVOTG Kot EEAPGE®V YPOVIMV TVELUOVIK®Y VOG®V, ALY Kot
avénon Tev BovaTov amd KapdloyyeEloKes Tadoels, 1010iTEPU 08 NAKIOUEVO, KOl ATOOL [LE
vrokeipeveg kapdtomvevpovikég mabnoelg (Glantz 1993, Seaton er al. 1995). Kotd
dekaetio Tov "90 otnv Evponn, counepihapfovouévng kat tng EALGdag, £yive mpoomdabeia
OmoOTIiUNONG 1TNG EMMTOONG 1TNG  OTUOCPUIPIKNG POTAVONG OTNV  KOPILO0YYELOKY|
Bvnowomra, amd v moAvkevipikr] perétn APHEA II (Air Pollution on Health: European
Approach).

Ymv EAMGda pedetinkav nuepnota ototyeio pumwv, Beppokpaciog Kot vypaciag, omd
mv mepoyn g Advag kot yia ta £t 1990-1997, deiyvovtag Oetikn oyéon HeTaEy TNg
OTHLOCQOIPIKNG POTTAVONG, TNG OAKNG OAAG Kol TNG KOPO0AYYEWKNG Bvnopdtrog
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(Katsouyanni et al. 1997). And tovg Paliatsos et al. (2006) é£ywe mpocmideia
TPOGOIOPICUOY TOV EMATOCEDV TOL VROPPAGHOD NG TOWOTNTOS TOV OTHOCPOLPIKOD
nepPaAlovtog TG evpHTEPTG TEPLOYNG TS ABMVOC 6TOV aptBpd TV TdIdV, NAKiog pHEXPL
kot 14 e1dv, Tov g1odyoviav yio. voonieio pe kKpioelg madikov dobpatog, katd T SdpKeLn
g mteplddov 1984-2000. And ) peAétn dmotdbnKe OTL, 01 ATHOGPALPIKOL pOHTTOL OTTMOG O
Kamvoc, 1o d10&eidlo Tov Belov kot To povoteidio tov avBpaka kKvupimg evBdvovTav Yo Tov
aplOud TOV EI0AYOUEVOV TOUDY LE CUUTTOUOTO TOOIKOD AoOp0TOG.

Yrorgelo TV EMONUOAOYIKOV HEAETOV GLYKAIVOLV otnv Vmapén Oetikng oyéong
HETAED GLYKEVIPMOONG CLOPOVUEVOV GOUATIOIMV KOl OVOTVEVSTIK®V cvuntopatov (EPA
2008). Emutiéov, n €éxkbeon avOpOT®V GE GLYKEVIPOON O®POVUEVOV GCOUATIOMV TOL
wpoépyovion omd eEATHIGELS TETPEAOOKIVITOV  OYNUAT®V, 00NYeEl GE TVELHOVIKEG
QAEYHOVEC, 0CEOMTIKEG avTOPAGELS Kol aAlepykn gvatcOntomoinon (EPA 2008). Bdoet
TOV TPONYOVUEVOV GTOLYEI®V KOl EMONUOALOYIKOV UEAETMV, TPOKVATEL TG Ol EMUTTMOCELS
OTO KOPIYYEWONKO GUOTNUHO AOY® Ppoyvypoviag £kBeong o€ avENUEVEG GLYKEVIPDGELS
ALOPOVUEVOV COUATIOIMV cLVOEOVTOL KUPIMG HE KOPILOKY] OVETAPKELD KOl IGYOLI0 TOV
pvokapdiov. Emeldn ta arwpovpeva copatioe pe dduetpo pikpotepn towv 10 um (PMjy)
OV TPOEPYOVTOL OO avOPMTOYEVELG OpacTNPOTNTEG KOl QUGIKEG TNYEC MUmOpovV va
TPOKAAECOVV SVOUEVELS EMITMOOCELG 6€ evmadn dTopa, Omwg To acOpatikd Tadwd, ot Nastos
et al. (2010) pedémoav Tic mBavEg EMOPACELS TV LTAIBPIOV GLYKEVTPOGEWY TV PMjj
OTI €100YMYEG OTOL VOGOKOUEID AOY® TOV TOSOIPIKOV TAPOEVVOEMY ACOUOTOG TNV
AbMva, xatd ™ Odpkew TG mepwodov 2001-2004. Emiong, avtiotoryn peiémn
TPOYUATOTOMONKE Y10 TOV TPOGIOPIGUO TNG OYEONS HETAED ATUOGOOPIKNG POTOVGTG KO
EMOKEYEDY OTO VOGOKOUEID 1Tng mOANg tov Bohov efoutiog avomvevoTiKdV Kot
Kapdayyelok®v madnoemv, ot didpkela g meptodov 2001-2007 (Kalantzi et al. 2011).

Ta gupuato TG LEAETNG VITOONADVOLV [0 GTILOVTIKY oY€om HeTa&y TG emPBapuvong
™G VOonpOTNTOG OO OVOTVELOTIKEG KOl Kopdloyyelokég mafnoelg Kol TV EMTESDV
OCLYKEVIPMONG TOV ATUOGOUPIK®V pOTtv. Télog, ot Samoli et al. (2011) diepevvnoav Tig
BpoyvrpdOecEG EMATMOGES TOV OOPOVUEVOV COUOTIIOV HE OEPOSVVOUIKT] OLAUETPO
utcpdtepn tov 10pg/m’ (PMjo), Tov d10&e1diov Tov Oeiov (SO,), Tov dotetdiov Tov aldTov
(NOy) kot Tov empavelonkov 6{ovtog (O3) yio TIG TUOUTPIKES EIGOYWYEG EKTAKTNG OVAYKNG
dobuatog oty ABnva, Katd v mepiodo amd 1o 2001-2004. AtepguviOnkay ot EmOPACELS
mGg €mOYNG, TOL EVAOL, TNG NMAKIOG KOl 1 Topovsic TG okOVNG TNG EPNUOL OV
petagépetal Kupiowg amd v mepoyn ™S Zoyapas. To gupriuato avtng TS HEAETNG oG
emPepfardvovy v gubdvn tov PMy o meploTaTIKA €1G0YOYNG OTO VOGOKOUEID AOY®
EKTOKTMV TEPIOTOTIKAOV EUPAVIONS TondikoD dobuatog, ta omoia epgaviovv €apon Katd
TN OBPKELD NUEPDV UE EMEIGOOLN LETAPOPAS GKOVIG OO TNV TEPLOYT TNG LAY APOC.

3. AEPIA PYITANXH XTHN ITIOAH TOY BOAOY

H méin tov BoAhov Bpioketan oe pa meproyr] pe odvhetn tomoypopio. Xe amdCTOON
nepimov 3 km, Popeloavotolkd g mOANG, Ppiokovtar ot wpdmodeg tov I[InAiov (ue
GLVOMKO VYOUETpo 1550 m), mov ekTeiveTOl KOTA UNKOG TG XEPOOVIGOL TG Moayvnoiog
OTNV OVOTOAIKY| OKTY|. ZTa BOPEOdVTIKA VL TEPLTPLYVPIGUEVT] OO AOPOVS TV OTOIWV TO
vyog ethvel mepimov to S00 m. To kAipa tov BoOAov elvarl pecoyelakov TOTOL e VYPOVG
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Kol MoV xeywmves kot (eotd, Enpd kaAokaipta. ['vopilovpe 0TL T0 pecoyelokd KAipa
yapoxtnpileton amd EAdewym Ppoyomtdcemv Katd Tn Oepun mepiodo 1oL £TOVE EVD Ol
neplocotepeg Ppoxés eppaviCoviar tov OKTdPPlo Kot Kot Tovg Yeyepwvovg pnves. H
nuepnota ddpkelo g NAoPavelng eppavilel eddyloto tov lavovdplo Kot pEYIGTO TOV
IovAto.

H évtovn nhoeaveto kot n vynAn Beppokpacio, amotelobv 100VIKEG GUVONKES Yo TNV
TAPOY®YN QOTOYNMK®OV pOTtV. ETiong, n Tapovcio opetvdv 0YK®V, 6€ GUVOLAGHO LE TNV
yeuviaon g 0aAaccag, odnyovv og OVATTLEN TOTIKMOV TOAMVOPOUIKOV GLUOTNUATOV
KUKAOQOPLOG TOL aéPa, TEPITTMOT TOV OMOVIATOL GTO, TEPLGGOTEPO, LEYOAN AOTIKA KEVTPO
Kot dvoyepaivel oNUOVTIKE TN JuvatOTNTA KABAPIGHOD NG OTUOGPOLPOS E TOLG
WY OVIGHOVG SLAYVONG KOl LETAPOPAS. ZNUAVTIKOTOTO POAO GT SIAUOPPOGCT) TOV EMUTEIWV
pomavong Jwdpapatilel emiong m  évtaon TOL TVEOVTOG OVEHOL KOl 1 EUEAVION
0EpPLOKPACIOKMOV  OVOOTPOPAOV.  AVOALTIKOTEPN  TEPLYPAPT] TOV  KAUOTOAOYIKDV
TOPOUETPOV TNG TEPLOYNG LVIAPYOVV GE OYETIKEG epyaoieg (peTtald aAlmv Papamanolis
2001, Papanastasiou and Melas 2009, Proias et al. 2009a, Papaioannou et al. 2010).

To mpOPANUO ™G atHooPUIPIKNG pOTTAVONG otV TTEPoy] MeAETNG oxetiletar pe v
TOTOYPOPiL TNG TEPLOYNG KOl TOV TOAEOOOKO OYEAAGIO TG TOANG TOL BOLOL, KaBDG Kot
pe ™ yvewypagikn 0éon tov mmyov pdmavone. Ov mnyég Olakpivovtor o€ oTabepéc
(Aertovpyion Prounyavikdv HovAd®V Kol GLOTNUATOV OEppavong) kot Kwntég mnyég
(xuKAogopia Kot Asttovpyio Apoaviov). v evpitepn mepoyn Tov Bolov vdpyovv 00
Bropmyovikég meployés. H pia Ppioketon ota dutikd g mOANG Kou 1 GAAN og amdoTaoN
Myov yiAopétpov ota Bopetodutikd g moAng. Ot frounyoavieg Tov VOpoy Tov aviKOuV
oToVG TopEelg oL gVBLVOVTOL Yoo TN PLTAVOY] TOL OTHOCQOIPKOD TEPIBAAALOVTOG NG
meployne, avépyoviar oe 347, amd TG omoieg €va mocootd 15% mepimov elvan
EYKATECTNUEVO GTO ECMTEPIKO TV OVO PLOUNYAVIK®OV TEPLOYDV. XE AVTES TIG OVO TEPLOYES
VIaPYoLV Propnyovieg OAWV T®V KAAOWV HE OTOTEAECHO VO, GUUPAAAOVY GTNV EMOEivmON
TOV TPOPANLUOATOG TNG POTAVOTG TNG OTULOCPOLPAG TG TTEPLOYNS. ExTOg avtdv, po peydin
Bropmyovioa. Topaymyng TOHEVTOL PPIoKETOL OTNV OKTH, GE WIKPN OTOCTOCN Ond TNV
OVOTOAMKTY TAEVPA NG TOANG. Emedn n meployn tov Apoviov Ppioketor dimha 6to duTIKd
GKpo TNG TOANG, AVTO £YEL OOV GUVETELD TN GLVEYT] OEAEVOT] GLTOKIVIITAOV TOVPLOTAOV TOGO
TPOg TO0 AMpaviy, 6co kKou mpog to I[MMAo. H Jpactmpiommra oavt) emdevavel To
KUKAoQOpLakd TtpoPAnpato T ToOANG kot amoteAel puvmoyovo mnyn (Proias et al. 2009).

[Swaitepo  evoapépov  mapovotdler M petafAntotmra g HEONG  EVOONUEPNOLOG
HETAPOANG TOV GVYKEVIPOGEDY PMiy Yoo THV ameKOVION TG OTOL0G YPNOUOTOLOVUE TO
Synuos 1. Zto Zynpa avtd mopovstaleton yioo T xpovikn mepiodo 2001-2007 n péon
evoonuepnola UETOPOAY TOV GLYKEVIPOOE®Y PMio He cuveyn YpOp Kotd TN XEWEPIVN
ePl0d0 KO PE OLOKEKOUUEVT] YPOUUN KaTd TN Oepur| mepiodo Tov £T0VG,.
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Yympa 1: Méon evdonpepnota LETAPOAT TOV GLYKEVIPMOGE®MY TV PMi( Katd TN xeuepivn
mepiodo (ouveyng ypauun) kot tn Oepur mepiodo (SLUKEKOUUEVT YPOLUR) TOL £TOVC, OO
2001 wg 2007.
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Tyfqpo 2: Méon evdoetiola HETaPoAr ToV cuykevipmoewv PM gy otnv mteployn tov BoAov
arno 2001 g 2007.

To mpoOPANUA TG OTHOGPAIPIKNG pOTTavong oty TOAN tov BoAov €xel pehetnOel and
apketovg epevvntéc (Papamanolis 2001, Karandinos-Riga and Saitanis 2005, Papanastasiou
and Melas 2009, Proias et al. 2009a, Papaioannou et al. 2010, Proias et al. 2012).
[Tpokeévon vo avadelyBovv KATOEG YOPAKTNPLIOTIKEG TTVYXEG TOV TPOPANUOTOS CLTOV,
nmopovotdlovior Kamol otoyeion amd HEAETEG TOL EYouv mpaypoatomondel kol T
amoTEAEG AT TOVG Exovv NON dnuootevtel. [To ouykekpéva, oto Zynpa 2 TapovctdleTot
N Héon evdoetnola LETOPOAN TV cuykevVIpmdce®my PMjy oty meproyn tov Bolov and 1o
2001 wg to 2007 mov mapovoidodnke oty epyacio Twv Proias et al. (2009b). Ot Proias et
al. (2011) avélvoav TIC HEGES NUEPNOIES GLYKEVTPMOELS TV PM|(, otnv mOAN Tov BOAOL
Kol OTGTOGOV OTL TOPATIPOVVTOL VIEPPAGELS TNG NMUEPN LG OPLAKNG TIUNG TV S0 ;,Lg/m3
(EU 1999). EmumAéov, oto Zyfua 3 omewoviletor 1 daypovikn €EEMEN TOov €TNGLOV
apOpov TOV NUEPOV e LTEPPAOT] TNG NMUEPN LG OPLOKNG TIUNG.

210 mAaicto dlepehivnong TOV ETMTOGEMY TNG HETAPOPAS oKOVNG omd TN Zoydpo otV
epyacio tov Proias ef al. (2009b) avalvOnkav TepTOCELS ENEICONIWOV PETOPOPAS GKOVIG
amd ™ Zaydpa otn ddpkela g meptddov 2005-2007. T didpkeln ™G 3-£TOVG ALTNG
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TEPLOOOV KATAYPAPNKAV OKT® €mEIGOda. Edikdtepa, peketiOnkay ol emdpacels Tovg ot
SUOPPOON TOV EMTESDV GLYKEVIPMOONG TOV NUEPNCIOV TV GLYKEVIPOONG TV PMjj
010 otafud Tov Borov.

1E3ll

5 120
=)
=
= B0
i
§
= 4

2000 2001 2002 2003 2004 2005 2008 2007 2008 2009 2010 2011
Year

Yyqpa 3: Awypovikn €EEMEN TOL apPlOHOY TV MEEPOV HE VTEPPACN TNG MUEPNOLUG
oplakfc TG v 50 pg/m’, kotd v mepiodo 2001-2010. H optlévio ypappn avTiotoysi
010 €GO pEYLoTO emTpento aplfud vrepPaoemv (EU 1999).

Yy mapovoa epyocio, yivetor pio TPMOTN TOPOLGINCT) TOV OTOTEAEGUATOV TOV
aPOPOVV TN YNUIKN GVGTACY] TOV OWPOVUEVOV GOUATIOIOV otV TOAN Tov Borov. Ta
amoteléopata mov eueavifovior otov Ilivaka 1, apopodv Tn yMukn avaivcn Tov
KMiopoatog tov eonvedolpwv (PMj) kot tov avamveboywv (PMas) awwpodpevev
copatdiov oto Boho, oe 600 ypovikég mepiddovg mov kaAvmTovv TN Oepun mepiodo
(Avyovotog 2011) kar v yoypn mepiodo (Pefpovdprog 2012) Tov £Tovg,.

O péoeg emoykég TEG Kol T avtiotoryo €0pog TOGO TOL OPYAVIKOU OGO KOl TOV
otoyetokov avOpoaka (ITivakag 1) cvykpivovion pe to enimedo TUOV TOL AVOPEPOVTOL OTN
oebvn Piproypaeio (Ruellan and Cachier 2001, Salma et al. 2004, Hueglin et al. 2005,
Viana et al. 2006) amd PeTpnoElg 08 AALEC EVPOTATKESG TOAELC.

O gmoycég Tég tov Adyov OC/EC ywa ta PM gy kopdvnkov petagd 6.70 kon 22.07
(ITivaxag 1) deiyvouv [o Goen vIEPOYN TOL OPYAVIKOD £VOVTL TOV GTOLXELOKOD AvOpoKa,
YEYOVOG TTOL OVOIEIKVOEL TOAVO OEVTEPOYEVT GYNUATIGLO OPYAVIKAOV AEPOAVUATOV. ATO TN
oebvn Piproypaeio, Yoo aoTIKEG TTEPLOYES EYOVV KOTAYPAPEL TUMIKES TWEG TOL AGYOL
OC/EC va xvpaivovron peta&d 1 kot 4 (petagd dAiov Wang et al. 2005). H dwouxdpavon
TV TGV Tov AdYov OC/EC pmopel va ypnopomomfet og deiktng v aAlay®dV 6TIG TNYEG
EKTTOUT®V 1 TOV O10d1Kac1®dv, dedopuévov otL myn g E.E. Bewpeiton cav evoektikd iyvog
YL TPOTOYEVEIC EKTOUTES (aTEAEIS KADOELS). L& OVAAOYN UEAETN TTOL TTPOYHOTOTOMONKE
omv moAn g Oeocorovikng (Terzi et al. 2010) ot tipéc tov Adyov OC/EC nrav
VYNAOTEPESG KATA TN SLAPKELD TOL YEWDVO, MGTOCO, TO YEYOVAS OTL 1| VYNAN TN TOV AOYOV
amodidetal otn pelmon TG TIUNAG TOL OToElkoy dvBpaka mapd otnv adénomn Tov
opyavikov dvBpaxa. To yeyovdg avtd omotelel évoeldn mbavodv aAhaydv o mNyEg
EKTTOUTMV KOl ATOLTEITOL TEPALTEP® JLEPEVLVT|ON).
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Mivakog 1: Méoeg Tyég ouykévipmong (ug/m’), pe Tt Hoper Héon T + Tomkn omdikAion,
opyaviko¥ avBpaka (OC), otoyyerokod dvBpaka (EC) ko tov Adywmv tovg e PMys ko

PM;o oto Bohro.

PM, 5 PMy
Xeypavag Kolokaipt Xeypavog Kolokaipt
oC 30.70+1.73 16.80+1.04 33.10+1.85 20.10+1.21
EC 3.37+0.37 2.36+0.32 1.50+0.41 3.00+0.35
OC/E 9.11 7.12 22.07 6.70
C

Ocov agpopd T1g emoykég Tipeg tov Adyov OC/EC yua ta PMy s kopdvonkay petagd 7.12
kot 9.11 (ITivaxog 1) deiyvouy Kot TNV TEPITTOGN OVTH L0, GOPT VTEPOYT TOL OPYOVIKOD
Evavtl Tov oTolryElkoy AGvOpoka. Amd ™ oebvny Piploypapio, Yo aoTIKEG TEPLOYES
vroPdBpov €xovv kataypapel vyMAEG TipEG Tov Adyov OC/EC mov kvpaivovtay peta&y 8.8
vy 10 yewpova (Lonati et al. 2005) ko 12 yuo v dvoién (Salma ef al. 2004). Eniong, oe
AYPOTIKES TTEPLOYEG EYovV KaTaypagel vymAég Tuég tov Adyov OC/EC mov kvpaivovioav
petald 8 kot 12, yia to yeyumva kot v dvoién, avtictorya (Decesari et al. 2001).

5. ZYMIIEPAXMATA

Xmv epyocio ovT HEAETNONKAV Ol GUYKEVIPMOOELS TMV OLOPOVUEVOV COUATIOIOV
0.EPOOVVOLUKNG StapUETPOV HikpoTEPNG TV 10 um (PM;¢) kot pikpotepng, ovtg tov 2.5um
(PM,5) amd técoepig O1aTdEELS deryHATOAYING AEPOAVLATOG GE KATAAANAL QIATPO KOt oo
tov otafud pétpnong g Ileprpeperaxng Evommrtag Mayvnoiloag kot  Xmopddwv
EYKOTESTNUEVO GTO KEVIPO TOL OIGTIKOV 16TOV TNG TOANG. Ot mepiodol pHeAétne KoAvTTOULY
™ OBepun mepiodo tov €tovg 2011 (Avyovotog) Kot v youxpn mepiodo Tov £tovg 2012
(Defpovdprog). Ewdkdtepa, 1 HeEAETN €0TIAGONKE OTNV TAPOLGIOON TOV ATOTEAEGUATOV
OV ALPOPOVV TN YNLIKT CUGTACT] TOV CMPOVUEVOV COUOTIOIWV 6TV TOAN ToL BoOAOV.

Amo Vv avdivon tov otoyeiov damotdinke 0Tl o1 PECES EMOYIKES TIHEG KOl TO
avtioTolyo €0POC TOGO TOV OPYOVIKOD OGO KOl TOL GTOLXEWKOV AvOpaka givol cuykpiotua
He To EMIMESO TYHDV TOL avapEpovTor otn oebvn Biproypapio amd peETpOES 08 GALEG
EVPOTOTKES TOAELS.

O gmoykég Tiég Tov Adyov OC/EC 1600 Yo too PMyg, 660 kan tao PM, 5 deiyvouv pia
COPN VIEPOYN TOV OPYOVIKOL £VOVTIL TOV GTOLYELOKOD AvOpaKka, YEYOVOS TOL OVOSEIKVIEL
mOovO SEVTEPOYEVH GYNUATICUO OpYOVIK®V agporvpdtov. Edwdtepa, ot Tipuég tov Adyou
OC/EC yw. to PMjy xopavOnkav peta&d 6.70 kot 22.07, eved ot avtiototyeg yio to. PMy s
KopdvOnkov petald 7.12 ko 9.11.

TéAog, ot TIEG TOL AOYOL MTAY LYNAOTEPES KOTA TN SLAPKELD TOV YEWUDVA, KOl 6TIG 600
TEPIMTAOGELG, YEYOVOS TTOL VTOINAMVEL OTL 1] LYNAN TN TOV AOYOL aT0dIdETAL TEPLGGOTEPO
01N pel®mon TG TG TOL GTOEIKOD AvOpaka Topd TNV aHENCT) TOV 0PYUVIKOD GvOpaKoa.
To yeyovog avtd amoterel €voeiEn mboavdv aAloydv ce TNYEG EKTOUTMOV KoLl Yo, TNV
amOOEIEN TOL ATOUTEITOL TEPAUTEP® EPEHVNOT).
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Abstract

Relying on Pigou's view, environmental taxes increase the costs of polluting activities
reflecting in this way the true social cost imposed to society by the caused environmental
damage by these activities. The total pollution cost (TPC) is defined by adding up the
marginal abatement (MAC) and the marginal damage (MD) costs. That is the random
variable TPC includes the social costs associated with pollution. We relate this with
contaminated locations and propose a weighted location differentiated tax. It is clear that the
value of the expected total pollution (social) cost, E(TPC), would be of interest and
therefore we proceed to the evaluation through the use of the y-order Generalized Normal.
The value of the variance, Var(TPC), is also evaluated.

Keywords: Weighted-location adjusted differential tax; total pollution cost;
expected value y-order Normal distribution.

JEL Classifications: C02; C60; Q50; Q53; Q58.

1. Introduction

In the past, command and control regulations (like limiting the use of specific fuels
or demanding certain pollution sources to use specific methods) dominated environmental
policies with market based instruments (like taxes and tradable permits) to dominate over
the last decades. Environmental taxation relies on Pigou’s concept of increasing polluters’
private costs to a level that includes the associated true social costs imposed to the society
by their activities and the resulting related environmental damages.

Economic theory indicates that the optimal tax rate is determined where marginal
abatement cost (MAC) equals to marginal damage cost (MD) of pollution to be abated. But
firms do not have always an incentive to reveal their true abatement costs. A weighted
location adjusted differentiated taxation is introduced, based on the principle that when
pollution is above “an optimal and accepted level” more taxation has to be imposed, while if
it is below there is a chance of less taxation. In this way a new index to adjust taxation to
the damage caused is proposed.
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Given innovation outcome (X), the Total Pollution Cost (TPC) is defined by the sum
of the marginal abatement (MAC) and the marginal damage (MD) costs. That is the random
variable TPC includes the social costs associated with pollution. In this paper we evaluate
the expected value of TPC and introduce the estimation of its variance. Specifically,
choosing as TPC the general form TPC= (kX+A)* (with «, A constants and X the introduced
technology) coming from the y-order generalized normal distribution we provide a
generalization of the E(TPC) both in the form of TPC and the probability density function.
The introduced technology is represented by X. In this way we propose a weighted location
differentiated taxation to existing tax systems and a corresponding ratio to provide us with
an index adjusting taxation to the damage imposed.

2. The weighed location adjusted differential tax

The way we move on is by defining the “weighted location differential tax”.
Theoretically this tax will be non-linear (since high pollutants should face appropriate taxes
i.e. exponential greater and not linear) and non—time consistent (as pollution is not time
constant depending for instance on weather conditions, amount of production, etc). This
new indicator for environmental policy is based on a generalization of the differential
taxation (Halkos, 1993, 1994; Kim and Chang, 1993; Mc Kitrick, 1999) and provides
another look of differentiation in taxation, based on the location and the assumed
distribution the new introduced technologies follow (see the definition of TPC before).

Our argument is that around the pollution center (source of pollution) the pollution
is distributed according to a (possible) statistical model, related with the actual situation. In
such a case it may be uniformly distributed i.e. in a distance, left or right from the pollution
center, the pollution to remain constant. That might be a helpful, mathematically,
assumption, but it is difficult to be true. Another approach is
to consider a normally distributed pollution, with the mean being at the pollution center, so
plus or minus it one standard deviation concentrates approximately the 0.68 of the pollution.
In cases 0f 0.99 levels of pollution concentration we may consider a £3c confidence interval
(or L=60) as essential. This is near to be true, as the tails contain a very small probability
level to allow a pollution influence.

Similarly, the Laplace distribution offers a solution to provide a “strong” pollution
center and fat tails. All these three distributions are special cases of the y- order Generalized
Normal distribution.

We remind that the normal distribution N(u,o”), with mean p and variance o, is
defined as:

fy=—»>" exp{— <z—u>2} (1)

(27[)E o

The multivariate generalization for a multivariate random variable with p-conditions, p
mean and matrix covariance X is:
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(27)*|g

We denote with N, (u,%),

2| =det(2).

Kitsos and Tavoularis (2009) introduced through Logarithm Sobolev Inequalities
(LSD) a new family of univariate y-ordered Normal distribution, the N7 (x,X), which
generalize the Normal Distribution N” (g, %), through an additional parameter y € R —[O,l] .

The new generalized Normal distribution commonly referred to as Normal distribution -
ordered is defined. Specifically, when f(x)is the probability density function of a random

variable X ~ N7 (u,%) then, compared with (2) above, f(x)is defined as :

A - 7
£, (6 48) = C? |det 5[ 2 exp{—%l[Q(x)]Z(y—l)} withx e R”, 3)
Where Q(x) = (x— )X (x— )" as in (2) with the normality factor

=
=y @)
r(p?=ten 7
V4

p
I'(~=+1
b TG

p _
C7—7Z'

Setting y=2 i.e. N7 (u,2) it follows that :

STE+

2 _p
Cl=r—2— () = (27) * =
n§+n 2

)

0 S

In this particular distribution, the third involved parameter, the shape one called v,
taking all real values but not within [0,1], offers a number of different distributions with fat
tails mainly. With the value of y=1, it is reduced to Uniform; with the value y=2 is reduced
to Normal; and with the value of y “infinity”, practically very large, is Laplace.

3. Adopting the appropriate distribution
The easiest way, as far as the mathematical calculations are concerned, despite its

unrealistic character, is to assume that the stochastic variable X —as a result of the R&D
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procedure, is uniformly distributed in the interval [%—5,%4—5} , say, recalling the

definition of the Uniform distribution. This means that in this research we suppose

eventually the variable TPC is derived from the Uniform distribution, i.e. u(%— 5,%+ o )

implying a uniform density function for X of the form

1 1.1
)= for X6{5—§,5+é} (6)

The graph of f(x)= 2L with p = % and o = J is presented next:
o

f(x)

+5

N
>
[NIE

ro[—=

From the definition of the expected value the pollution related t- social cost for the linear

1
—+0
2
tax, E[TPCJ, is equal to I TPC f(x)dx. Any general form of TPC= (kX+L)* is
1

~-5
2

presenting the appropriate area for TPC.

An extension of the calculation of expected value is needed as it can be either
normal with the known tails or a “sharp” one around ‘center’ with ‘heavy tails’, a Laplace
distribution among others. Therefore the y-order generalized Normal distribution was
adopted as the extension of the Uniform distribution. The expected value of TPC can be
evaluated and it can be seen that that the distribution is not only the Uniform but the

Ny(,u,az) )
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Theorem 1: 1t holds that the multivariate y-ordered Normal distribution N7 (4,Z) for order

values of y=1,2 o0 coincides with

D" () y=0 p=1,2 Dirac distribution
N7 (u,2) = U”(u,%) y=1 Uniform dl:strzzbutl:on
N”(u,%) y=2 Normal  distribution
() y =7 Laplace distribution

Proof: In Kitsos et.al. (2012, page 52).

So, the following results are proposed for the form (kg+\)* and f,(x; 4,2)  letting

X represent a random variable describing innovation.

Proposition 1: 1f X ~N_(u, o) it holds that:

. L rerh
E[(KX+,1)2]=(7_1)2 r(y_yl) (k8)? + itk +22) + A2 (7)
4
N BYC vA S T Ve
" (x8)! L 4T | (k) (st 42)
Var(X+27) = 71 r=ly gl
+2(8Y [ 247 - () = 2w () L= ®)

AR

Proof: We have seen that

E[(kX + 1)’] = &*B[ X2 ]+ 2,kAE[X |+ A° = k2 (Var(X) + E2[X])+ 2KAE[X ]+ A2,

Assuming X ~ N (1,0 *yand using the variance of y-order Normal distribution, (see
Kitsos and Toulias, 2010) we have that
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E[(xX + )" 1= (Var(X) + 4* )+ 26cAu + A7

For the variance of ¥ = (kX + A)* we have

Var(Y)=E[Y*]-E’[Y]=E[(xX + 1)*]-E’[(« X + 1)*] =
= K'BX*]+ 4 AE[X ]+ 6(kA)° E[X ]+ 4xA’E[X ]+ A" —E°[(x X + 1)’ ] =
= ' Kurt(X)Var® (X) + 6(xA)* Var(X) + 6(xAu)’ + 462’ u+ A* —E*[(k X + 1)°]
As E[X°]1=0 (N (1,0 ®) is symmetric distribution (i.e. has zero obliquity), thus

eventually, the above equation can be written sequentially as
Var(Y) = x*Kurt(X)Var® (X) + 6(xA)> Var(X) + 6(xkAu)’ +4xd’ u+ A*

2

—|:K‘2 (Var(X)+ 4 )+ 28 + /12} =
= k*Kurt(X)Var® (X) + 6(xkA)> Var(X) + 6(xdu)’ +4xA° 1+ A*
—x* (Var(X) + i )2 —d(xAp)’ -2

4K Au (Var(X) + 1 ) —2(xkA)’ (Var(X) + ) —4x’ =

= k*Kurt(X)Var® (X) + 6(xkA)> Var(X) + 6(xdu)’ + 4xA’ u+ A*
—x*Var*(X) - (xu)* - 2x* 1> Var(X) — d(xAp)” — 2*

~A(ku)’ A — 4K AuVar(X) — 2(kA) Var(X) — 2(xkAu)’ — 4x2’ u

And so

Var(Y) = «*[Kurt(X) —1]Var* (X) +[4(xkd)* - 2&* i — 4> Au]Var(X ) — (xur)’ (ks + 42)
Since X ~ NV L (s 5°), the above equation can be written finally in the form of (8) using the

variance and the convexity of the y-order Normal distribution (for more details see Kitsos
and Toulias, 2010).

With different values of k and A a number of calculations for the corresponding TPC
can be obtained. Next we present a number of examples.

Example 1: Let us assume that TPC = (1/4 — 3 / 8X )*. Then it holds:
TG

E[TPC;/;7]=%+9(%) ’ mé‘ (9)

13243185 -1L(365)*, 7
Var(TPCW)z 132249545 —(185)°, 7
1322419085 +2(65)>, ¥

(10)

1,
2,
o0,
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Example 2: Based on Example 1, for this particular TPC, it holds that the expected value

and variance of TPC can be evaluated for the Uniform, Normal and Laplace distributions
as:

++30, =1,
E[TPC, 1=11+95, y=2, (11)
++186, y==m,
132243185 - 1L (365)>, =1,
Var(TPC;/;y)= 13219545 - (185)°,  y=2, (12)
1322419085 + 2(65)°, 7 =+,

Example 3: From (11) it obviously holds that the quantity E [T PC ] in the case of

02y
Uniform distribution is less than the corresponding Normal distribution, which is less that
the corresponding Laplace distribution. That is:

E[TPC,., |<E[TPC, , |<E[TPC,.., |

17

For (12) and for 0 < 6 <49.074 it holds that :
Var” (TPC) < Var" (TPC) < Var*(TPC)
3.1 Checking the difference in variances

Evaluating the difference between the variance of Uniform, Normal and Laplace
distribution we may see which are positive or negative, so that to rearrange the order among
them.

(A) Between Uniform and Normal (take the difference from (12))

12.966° - 6366 =0 <
0=0

0(12.960 -636) =0 <
( ) 0= 036 _ 49.074
12.96

>0 6<0,0>49.074
U-N=
<0 0<06<49.074
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The Normal distribution is greater than the Uniform distribution when ¢ €(0,49.074).

Otherwise, when o >49.074, the Uniform distribution of TPC is greater than the Normal
distribution.

Var” (TPC) < Var" (TPC)

0<06<49.074

(B) Between Laplace and Normal (take the difference from (12))

-9545-3965" =0

0=0

53965 +954) =0 <
( ) 5=-2%_ 540
396

065e(-2.
Vg [<08e(240,0
>05<-240  or5>0

Because 9§ is taken always positive, we are interested in the case where 6>0, so the Normal
distribution is greater than the Laplace distribution.

Var" (TPC) < Var" (TPC)

(C) Between Uniform and Laplace (take the difference form (12))
~15905 —383.0457

0=0

=-5(383.045 +1590) <
( VS s 1590 _ .
383.04

0 _
U_[ >00e(—4.15,0)
<06<-4.15 or 6>0
So, for 6>0, the TPC Uniform distribution is less than the Laplace distribution.
Var' (TPC) < Var* (TPC)

From (A), (B) and (C) we have that for 0 <6 <49.074 holds:
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Var” (TPC) < Var" (TPC) < Var* (TPC)

4. Discussion and policy implications

Environmental taxes should be targeted to the pollutants and should be related to the
environmental damage caused. Without any government intervention countries (firms) will
not take into consideration any environmental damage caused as this maybe either spread
across different regions or countries (as in the case of trans frontier pollution) or may be
accumulated (stock pollution). The way to cope with the problem is to tax directly the
environmental damage costs due to the damages imposed.

Specifically, in this research we have considered a general distribution that the
random variable X of the new technologies adopted by a firm, and therefore the total
pollution cost (TPC) follows it covering 3 different lines. Due to this general distribution
a weighted location differential tax was introduced. It has been shown the application of the
y-ordered generalized Normal, provides to the researcher the option to choose among three
distributions: Uniform, Normal and Laplace.

If the relationship between source and receptor locations is not considered then the
externality imposed will not be taken into examination. The externality is considered by the
appropriate consideration of the transfer coefficients as provided by the co-operative
program for monitoring and evaluation of the long range transmission of air pollutants in
Europe (European Monitoring and Evaluation Program, EMEP). Then mathematical models
may be used by policy makers to define the optimal necessary emissions reductions for each
pollution source (country) i and under the ecosystem sensitivity thresholds (see among
others Halkos, 1994).
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The effect of economic growth and government expenditure on
the environment: evidence using distributed lag models

George Halkos and Epameinondas Paizanos
Department of Economics, University of Thessaly, Korai 43, 38333, Volos, Greece

Abstract

This paper examines the effect of economic growth and government spending on the
environment using a panel of 71 countries for the time period 1970-2008. In particular, we
test the hypothesis of the existence of an inverted U-shaped relationship between economic
performance and pollution, as well as the hypothesis of a negative direct relationship
between pollution and fiscal spending. To take into account that environmental degradation
may respond to changes in income and government spending with a time lag, due to
technological and institutional reasons, we apply appropriate dynamic econometric
methods. We report the estimates for both the short-run and long-run effects on two
different air pollutants, namely SO, and CO,, and we distinguish the results for different
levels of economic development. Policy implications range depending on the level of
income of the considered countries.

Keywords: Government expenditure; economic growth; environment; dynamics
JEL Classification Codes: E60; Q53; Q54; Q56.

1. Introduction

The purpose of this paper is twofold, namely to examine the effect of economic
growth as well as that of government expenditure on environmental degradation, taking
into account the dynamic nature of these relationships. The environmental Kuznets curve
(hereafter EKC) hypothesis posits that in the early stages of economic development
environmental degradation will increase until a certain level of income is reached and then
environmental improvement will occur (Gross and Krugman, 1995). On the other hand,
government expenditure has recently expanded in many countries to alleviate the adverse
effects of the recent economic crisis, with a large fraction of GDP spent by governments
affecting a variety of economic variables and prosperity in general. A recent strand of
literature suggests that government spending is an important determinant of environmental
quality (Lopez et al., 2011, Halkos and Paizanos, 2013; Galinato and Islam, 2014).

According to Halkos (2003) EKC studies identify several factors as the most
important in determining the inverted-U shape of the curve. In particular, improvements in
environmental quality occurring from advances in production technology, the exportation
of ‘dirty industry’ to less developed countries, the role of preferences and regulation on the
emissions profile of polluters, the better institutional set up in the form of credible property
rights, regulations and good governance which may create public awareness against
environmental degradation and finally, the technological link between the consumption of
a desired good and the abatement of its undesirable by-products in the form of pollution.
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On the other hand, the mechanisms through which government expenditure and
environment interact with each other are investigated in theoretical papers by Heyes
(2000), Lawn (2003) and Sim (2006). Higher government expenditure is more likely to
include redistributive transfers, which result to increased income equality and thus to
higher demand for environmental quality. Moreover, if the environment is a luxury public
good, it is likely that it will only be demanded when the demand for other public goods has
been satisfied, i.e. at large levels of government size (Frederik and Lundstrom, 2001).
Lopez et al. (2011) identify four mechanisms by which the level and composition of fiscal
spending may affect pollution levels”, namely the scale (increased environmental
pressures due to more economic growth), composition (increased human capital intensive
activities instead of physical capital intensive industries that harm the environment more),
technique (due to higher labor efficiency) and income (where increased income raises the
demand for improved environmental quality) effects.

However, in examining the aforementioned relationships their dynamic nature
should be taken into account. In particular, it is highly unlikely that the above effects of
income and government spending on the environment occur instantaneously (Halkos,
2003; Lopez et. al.,, 2011) and this may occur for several reasons. For example,
technological advances that usually accompany economic development may take several
years until fully implemented by industries. In addition, for psychological reasons and as a
result of the force of habit (inertia), industries and consumers may not alter their
production methods and habits immediately following a technological advance or a
distributional effect from a change in public spending, a result that may also sometimes be
augmented by imperfect knowledge. Finally, one may expect institutional reasons to also
contribute to lags.

Given this background, our purpose is to investigate first how increases in income
and government spending affect pollution at given income levels in the short-run, and then
to estimate how this changes influence environmental quality in the long-term.

To the best of our knowledge the present paper is the first that explicitly studies the
short-run as well as the long-run effects of both economic development and government
expenditure on the environment. For that reason, we estimate an augmented EKC equation,
employing a sample of 71 countries covering the period 1970-2008 for two air pollutants
(sulfur dioxide, SO, and carbon dioxide, CO,). In estimating the proposed model we take
into account the dynamic nature of the relationships examined, by employing appropriate
econometric methods for the estimation of dynamic panels.

The remainder of the paper is organized as follows: Section 2 presents the data used
in the analysis and section 3 discusses the proposed econometric models. The empirical
results are reported in section 4 while the final section concludes the paper.

% In particular, they examine the effect of the share of public goods in total government expenditure on
pollution.
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2. Data

Our sample consists of 71 countries?® with a full set of SO,, CO,, GDP/c and share
of government expenditure, for the period 1970-2008. The analysis for SO, takes place up
to the year 2003 because of limited availability of data on this pollutant after that period.
The data for SO, and CO; are from Stern (2005) and Boden et. al. (2011) respectively, the
data on national income from Maddison (2010) and finally the data on government share of
income were collected from the Penn World Table (2009). The database consists of up to
2,698 observations per variable.

To avoid dependence of results on geographic location characteristics and
atmospheric conditions, emissions of the two pollutants were used rather than their
concentrations. An important distinction between the two pollutants that has to do with
their atmospheric life characteristics is their geographical range of effect (Cole, 2007).
Considering that two-thirds of SO, moves away from the atmosphere within 10 days after
its emission, its impact is mainly local or regional and thus, historically, sulfur dioxide has
been subject to regulation. In contrast, CO, has not been regulated by governments, since
its atmospheric life varies from 50 to 200 years and hence its impact is global.

The sources of pollution vary by pollutant. The main sources of SO, emissions are
electricity generation and industrial processes. On the other hand, apart from energy
transformation and industry, an important source of CO, emissions is transport. Apparently
SO, pollution is characterized as production-generated, while CO, emissions are a mix
between production and consumption—generated pollution. This distinction is important
since the mechanism by which government expenditure size affects consumption pollution
is likely to differ compared to production pollution. SO, emissions can be decreased by
reducing consumption of fossil fuels (especially high-sulfur content coal), by using smoke-
scrubbing equipment in power plants and by increasing energy efficiency. However, in
consumption related pollutants the use and influence of environmental policies is more
difficult, since the main tool to reduce these is the implementation of environmental taxes,
which are often avoided as they are not politically popular.

3. Methodology

To establish the relationship between air pollution and GDP/c, Box-Cox tests have
been performed to test linearity against logarithmic functional forms. Implementation of
the Akaike and Bayesian information criteria indicated that the appropriate use of powers
of the income variable is three, thus we use a cubic specification. In addition, employing
greater powers of the income variable leads to multicollinearity among the explanatory
variables. Specifically, findings of the tests lead us to propose the following model which

26Albania, Angola, Argentina, Australia, Austria, Belgium, Bolivia, Brazil, Bulgaria, Canada, Chile, China,
Colombia, Denmark, Djibouti, Equador, Egypt, El Salvador, Ethiopia, Finland, France, Ghana, Greece,
Guatemala, Guinea Bissau, Honduras, Hungary, India, Ireland, Israel, Italy, Jamaica, Japan, Jordan, Kenya,
Lebanon, Liberia, Madagascar, Mauritius, Mexico, Mongolia, Morocco, Mozambique, Netherlands, New
Zealand, Nigeria, Norway, Panama, Paraguay, Peru, Philippines, Poland, Portugal, Qatar, Romania, Sierra
Leone, South Africa, Spain, Sri Lanka, Sudan, Sweden, Switzerland, Syria, Thailand, Trinidad, Tunisia,
Turkey, Uganda, United Kingdom, United States, Uruguay
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represents a conventional cubic formulation of the EKC, augmented by the lagged share of
government expenditure over income:

In(P/c), = u; + <, + B InGovshare, .+ B, In(GDP/ ¢), + B,(In(GDP/ ¢)); +
+ B,(In(GDP/ ¢)), +¢, D

where subscripts i and t represent country and time respectively and all variables are
expressed in natural logarithms, unless otherwise stated.
The income variable and its powers in (1) control for scale effects. The term 4, is

a country effect which can be fixed or random, ¢, is a time effect common to all countries
and ¢, is a disturbance term with the usual desirable properties. Following the terminology

used to classify the pollution effects in the trade literature, the coefficient on the
government expenditure variable captures the composition, income and part of the
technique effect.

3.1 Econometric issues and estimation

In estimating equation (1) we must take into account the unobserved heterogeneity
across countries. The standard approach is to use fixed and random effects, hereafter FE
and RE respectively, model formulations with the choice depending on the assumption
adopted about the correlation between the cross-section specific error-component and the
explanatory variables. When such correlation is present, then RE estimators are not
consistent and efficient and the use of FE is more appropriate. For instance, in the
pollutants equations these country-specific characteristics may include differences in
climate, geography and fossil fuels endowments, all of them potentially correlated with
emissions (Leitao, 2010). Additionally, it is very likely that country unobserved
characteristics are correlated with income and the other explanatory variables, implying
that FE estimation is preferred. This assumption is supported by the use of Hausman test,
in which the RE model was rejected in favor of the FE model, for equation (1) in all cases.

Since the balanced panel data used in this paper consists of large N and T
dimensions, non-stationarity is important. We are particularly concerned about the
dynamic misspecification of the pollutants equations. In particular, if we rely on a static
model, then all adjustments to any shock occur within the same time period in which they
occur, but this could be justified only in equilibrium or if the adjustment mechanism is
rapid. According to Perman and Stern (1999) this is extremely unlikely and instead, it is
expected that the return to long-run equilibrium emission levels is a rather slow process.

To estimate a non-stationary dynamic panel we employ the dynamic fixed effects
(DFE) estimator developed by Pesaran and Smith (1995) and Pesaran et al. (1997, 2004).
In DFE estimation we assume that intercepts differ across countries but that the long-run
coefficients are equal across countries. However, if equality of the slope coefficients does
not hold in practice, this technique yields inconsistent estimators. This assumption is tested
using a Hausman test.

For equation (1), adopting the formalization by Blackburne III and Frank (2007),
we set-up an initial general autoregressive-distributed lag model AD (p,qi,...,qx) of the
form:
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P q

In(P/c), = pu;+ Y. A In(Plc),,  + > BK,, . +¢, 2)
JAl J=0

where number of countries i=1,2,..., N ; number of periods ¢=1,2,...,T, for sufficiently

large T; K, a kx1 vector of explanatory variables including government expenditure and

income variables; and . a country-specific effect.

If the variables in equation (3) are integrated of order one (that is I(1)) and
cointegrated, then the error term is an I(0) process for all i. A principle feature of
cointegrated variables is their responsiveness to any deviation from the long-run
equilibrium. Hence, it is possible to specify an error correction model in which deviations
from the long-run equilibrium affect the short-run dynamics of the variables. The error
correction equation is formed as:

p-l g1
Aln(P/c), =g[In(P/c),, , =K, )+ D AsAln(Plc),  + ) B, MK, +m+¢&,  (3)

Jj=1 Jj=0
where ¢ =—(1— Z; )., = Z_‘;ZO Bil1=Y A2y ==>" A, j=12,..p-1

m=j+1" 1M
* q .
and B, = —Zm:_,~+1 B j=12,..q—1.
Nonlinearity in the parameters requires that the models are estimated using maximum
likelihood.

Another econometric concern for equation (1) is the bias occurring from the
potential endogeneity between government spending and pollution, since government
spending often increases with pollution because governments implement ecological taxes.
Moreover, as already mentioned, the impact of government expenditure may not occur
instantaneously. For this reason, we use the lagged share of government expenditure which
also may mitigate bias from reverse causality.

3.2 Identifying the short- and long-run effects

Including more than one lags of the government expenditure and income variables
in (1) to capture dynamics may result in multicollinearity. Thus, we employ the Koyck
transformation of estimating distributed lag models. In particular, we assume that the
subsequent effects of government expenditure and income are all of the same sign as their
short-run counterparts and that they decline geometrically each year following:

B = Pio M 4

In addition we assume that the speed of adjustment of the pollutants’ emissions, to
its long-run equilibrium, after a change in government expenditure and income is similar
and thus we propose the model:

In(P/c), = (1, +£) + B, InGovshare, .+ B, In(GDP/ ¢),, + B,(In(GDP/ ¢)); +

+ B, (In(GDP/ c))ft +AlnP/c), ,+06, (5)
where 0, = g;— A €.

Coefficient B; that will be obtained from the estimation of equation (5) can be interpreted
as the short-run elasticity of government spending on pollution, while the marginal effect
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of the income variable can be interpreted as the short-run income elasticity. Long run
elasticity of government spending is given by B; / (1-A) while the long-run income
elasticity can be obtained by dividing the short-run elasticity of income by the term (1-1).
4. Results

Before turning to the estimation of per capita pollution equations we should
examine the time series properties of the main variables used. Testing for unit roots in
panel data requires both the asymptotic behavior of the time-series dimension T, and the
cross-section dimension N, to be taken into consideration. Since the panel data set we
examine consists of both N —>owand 7 —>o dimensions, the tests of stationarity
performed are based on the Fisher-type Phillips-Peron unit root test. The test allows
heterogeneity of the autoregressive parameter and although in its general form does not
control for cross-sectional dependence, is more powerful than Levin et al. (2002) in that
case’’. Table la presents the results of the Phillips-Perron unit root tests on the variables of
interest. There is evidence against stationarity in levels, since in all cases our variables are

().

Table 1a: Panel data unit root tests

Variable no trend no trend with with trend
c-S means minus c-$ trend minus c-S
means c-S means means
€Y (2) 3) 4)
Log SO»/c 0.673 0.707 0.316 0.604
A(Log SO,/c) 0.000 0.000 0.000 0.000
Log CO»/c 0.049 0.361 0.273 0.880
A(Log CO»/c) 0.000 0.000 0.000 0.000
Log Government share lagged 0.224 0.034 0.479 0.043
A(Log Government share 0.000 0.000 0.000 0.000
lagged)
Log GDP/c 1.000 0.925 1.000 1.000
A(Log GDP/c) 0.000 0.000 0.000 0.000
Log GDP/c? 1.000 0.975 1.000 1.000
A(Log GDP/c) z 0.000 0.000 0.000 0.000
Log GDP/c’ 1.000 0.998 1.000 1.000
A(Log GDP/c) 3 0.000 0.000 0.000 0.000

Note: Fisher-type Phillips-Perron unit root tests performed on each panel including zero or one Newey-West
lag. All values reported are probabilities. C-s means stands for cross-sectional means.

Additionally, application of the DFE method requires that the variables in the
model are cointegrated meaning that there is a long-run relationship among them. Table 1b
presents the Pedroni and the Kao (Engle based) cointegration tests for the two pollutants

27 We also compute the mean of the series across panels and subtract this mean from the series (columns 2 and
4 in Table 1a) to mitigate the impact of cross-sectional dependence.
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equations. We reject the null hypothesis of no-cointegration at the conventional statistical
significance level of 0.05 in six of the eight cases for the SO, equation and in five cases for
CO,. However, in terms of raw power of the statistics for relatively small values of T the
rho and panel-v statistics are the most conservative and show a tendency to not reject

(Pedroni, 2004), suggesting that evidence of cointegration is even stronger than that
depicted in Table 1b.

Table 2 provides the estimates of per capita pollution emissions. In our model, as
mentioned, according to the Hausman test FE estimation is preferred to RE. Hence, for
each pollutant we report FE and DFE estimates. Dynamics are taken into account in the
estimates reported in columns 2 and 4 of the Table. Comparing the MG and PMG
estimators, with the use of a Hausman test, we see that the PMG estimator, the efficient
estimator under the null hypothesis, is preferred and thus assuming long-run coefficients to
be equal across panels is more appropriate in our panel. Additionally, another application
of the Hausman test suggests that the simultaneous equation bias between the error term
and the lagged dependent variable is minimal in our panel and we may conclude that the
DFE model is the most appropriate. In addition, the error correction term in the DFE
estimator for both pollutants is statistically significant at the 1% level for both pollutants,
suggesting that taking into account dynamics is necessary.

Both pollutants have a significant inverted N-shaped cubic relationship with per
capita income in all estimates (for similar findings see for example Cole, 2007).
Interestingly, taking into account dynamics in the DFE estimates produces lower turning
points for both pollutants. However, the initial turning point is particularly low in all
estimates, that essentially for the in sample income observations the estimated EKCs have
the conventional quadratic form.

Table 1b: Pedroni residual cointegration test for the two pollution equations

SOz/ C COz/ C
Statistic | Probability | Statistic | Probability

Panel v-statistic 4.331 0.000 7.118 0.000
Panel rho-statistic 7.799 1.000 0.181 0.572
Panel PP-statistic -8.798 0.000 -2.623 0.004
Panel ADF-statistic -22.60 0.000 -9.173 0.000
Group rho-statistic 12.02 1.000 3.886 0.999
Group PP-statistic -8.238 0.000 -0.757 0.225
Group ADG- -25.18 0.000 -9.576 0.000
statistic

Kao test (Engle -33.88 0.000 -34.29 0.000
based)

1° Havelivio Zovédpro Owovopukng tov ducikmv [Topwv kat Tov IepiBdiiovtog:
Khpotwikn AAloyn, Borog 26-27 Moptiov 2014
91



ENVECON 2014

Table 2: Estimates of per capita pollution emissions for the world sample

SOz/C COz/C
FE DFE FE DFE
Log government share -0.379" -0.663" -0.052 -0.070
lagged
(0.155) (0.287) (0.086) (0.121)
Log GDPc 27317 -22.52 -17.127 2274
(11.44) (13.76) (4.889) (7.805)
(Log GDPc)” 3.849 3.284 2269 29437
(1.444) (1.716) (0.586) (0.914)
(Log GDPc)’ -0.174 -0.153" -0.094 -0.121
(0.060) (0.071) (0.023) (0.035)
Constant 57.74" 39.36
(29.67) (13.29)
Error correction term -0.137 -0.118
(0.055) (0.016)
Turning Points 380/6,673 | 298/5,502 | 419/23242 | 573/19,228
R’ 0.305 0.392
F test 0.000 0.000
Hausman FE v. RE 0.000 0.000
Hausman MG v. PMG 0.510 0.527
Hausman PMG v. DFE 0.010 0.997
Nobs/Countries 2,190/71 2,119/71 2,698/71 2,627/71

Note: Robust standard errors are in parentheses. All tests’ values reported are probabilities.

*Significant at 10%. **Significant at 5% ***Significant at 1%.

On the other hand, a negative direct effect of government share of income on
pollution is estimated by all models. Concentrating on DFE estimates the government share
of income possesses a negative relationship with SO,/c which is significant at 5%, but the
effect on CO,/c remains insignificant. In particular, an increase of government expenditure
by 1%, ceteris paribus, may result in a 0.663% reduction of SO,/c emissions, ceteris
paribus.

Table 3 presents the estimates of the pollution equations using the Koyck
transformation. Results are presented for the whole sample, as well as for two sub-samples,
namely the OECD group of countries and one with the rest countries not belonging to the
former group. It is interesting to note that the estimated coefficients of the lagged pollutant
variables are significant in all cases at the 1% level. In addition, for the SO, the coefficient
of the lagged pollution variable greatly differs between the two subgroups, suggesting
different adjustment rates and rate of return to equilibrium pollution levels after a change
in the explanatory variables.
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Table 3: Estimates of per capita pollution emissions using Koyck transformation
SOz/C COz/C
World OECD Non-OECD World OECD Non-OECD
Log government share lagged -0.090" -0.082" 0.1127 -0.016 -0.023 -0.015
(0.039) (0.030) (0.553) (0.014) (0.017) (0.017)
Log GDPc -3.569 -0.084 1.301° 2707 0.848" 2.6327
(1.769) (0.022) (0.660) (1.076) (7.805) (1.174)
(Log GDPc)” 0.514" -0.076 0.358 -0.044" 0.345
(0.226) (0.039) (0.126) (0.020) (0.139)
(Log GDPc)’ -0.024" -0.015 -0.014"
(0.014) (0.005) (0.005)
Log SO./c lagged 0.857 0.985 0.771 0.870 0.896 0.864
(0.054) (0.010) (0.089) (0.014) (0.021) (0.016)
Constant 7.410° 09137 -6.386° 6.332" -3.9537 6.160"
(4.428) (0.249) (3.095) (2.996) (1.840) (3.255)
Turning Points 387/4,103 - 5215 485/16,751 15,312 412/33,089
Long-run gov. expend. elasticity -0.629 -5.466 -0.489 - - -
Short-run income elasticity -0.019 -0.084 0.105 0.131 0.006 0.197
Long-run income elasticity -0.133 -5.600 0.459 1.008 0.058 1.447
R’ 0.821 0.963 0.687 0.878 0.902 0.875
F test 0.000 0.000 0.000 0.000 0.000 0.000
Hausman FE v. RE 0.000 0.032 0.000 0.000 0.000 0.000
Nobs/Countries 2,190/71 828/26 1,362/45 2,698/71 988 /26 1,710/45

Note: Robust standard errors are in parentheses. All tests’ values reported are probabilities. Short-run income elasticity, as
well as long-run income and government expenditure elasticities are calculated at the sample median level of per capita
income of each sub-sample which are $4,565, $14,319 and $2,605 for the World, OECD and Non-OECD groups,

respectively.

*Significant at 10%.

**Significant at 5%

*#*Significant at 1%.

Consistent with the previous results, the estimated effect of government

expenditure is negative in all cases but remains significant only for SO,. However, the
specification of the pollution equation depends on the sample of countries used. In
particular, for SO, there is evidence for an inverted N-shaped EKC in the full sample and
for a quadratic form for the Non-OECD countries; however results suggest a monotonic
relationship for the OECD countries. On the other hand, for CO, the EKC is inverted N-
shaped for the World and Non-OECD countries and inverted U-shaped for the OECD
sample.

The estimated long-run elasticities of government expenditure on SO, are greater
than their short-run counterparts in all cases. The estimated short-run elasticities of
government share on SO; are of similar magnitude among the different groups, however
the same does not hold for the long-run elasticities. The latter are much greater, in absolute
value, in OECD countries suggesting that a sustained increase of 1% in government share
leads to a long-run reduction of 5.466% in SO, emissions, a result which is more than 10
times greater than for Non-OECD countries. This relationship is depicted in Figure 1
where the partial effect of an 1% increase in government expenditure on SO; is shown for
the following 10 years, for each of the three country groups.
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The elasticities of income on SO, are negative for the world and OECD countries
group but positive in the Non-OECD countries. In particular, the estimate of the long run
elasticity of income on SO, for the median income OECD country implies that following a
1% sustained increase in income in there will be a 5.6% reduction in SO, emissions. On the
contrary, a 1% sustained increase in income is estimated to cause a 0.459% increase in SO,
emissions in a Non-OECD country. For the CO, emissions the income elasticities are
positive in all samples. However, both in the short- and long-run the effect is much larger
in the Non-OECD countries group. Figures 2 and 3 depict these relationships.

Figure 2: Partial effects of income on SO2/c Figure 3: Partial effects of income on CO2/c

0.2

0.15 : . . .
World
Waorld
------- OECD LN ------- OECD
— —— Non-OECD
0.1 Mon-OECD 0161 N on
S
“~ 0.14f
o e
1 0.1zt
5 005 ~— >
Z _ z
: P B
Yoo ff————f_rl Y o 0g

o
o
=)

o
=)
=

-0.05¢

""""""""" 002+

4.1 Sensitivity analysis

We test the existence of potential biases from omitted time-variant variables. Table
4 reports the results from estimating the effect of government expenditure under a series of
relative correlation restrictions, using the method proposed by Krauth (2011). To account
for country fixed-effects, each variable is expressed in terms of deviation from the
corresponding country-level average. The results suggest that the estimated effect for
SO,/c is robust, while the same does not hold for CO,/c, as expected. We find that for the
effect on SO,/c to cease being strictly negative the correlation between government
expenditure and unobservables would need to be 6.25 times larger than the correlation with
the observables, which seems highly unlikely. However, for CO,/c a relative correlation of
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only 40% or greater, implies that the point estimate of the effect includes zero and thus is

not strictly negative.

Table 4: Robustness checks for omitted variables bias

Relative Bounds on Government share effect by pollutant

correlation [OL(A), Ou(A)]

restriction (A) SO,/c COy/c

{0.00} -0.363" -0.025
(-0.645, -0.081) (-0.200, 0.151)

[0.00, 0.50] [-0.457, -0.363] [-0.025, 0.006]
(-0.753, -0.110) (-0.189, 0.193)

[0.00, 1.00] [-0.554, -0.363] [-0.025, 0.038]
(-0.921, -0.119) (-0.184, 0.271)

[0.00, 5.00] [-1.634, -0.363] [-0.025, 0.353]
(-3.873, -0.120) (-0.181, 1.430)

[0.00, 10.00] (-00,00) (-00,0)

(-00,00) (-00,00)
A 6.25 0.40

Note: Bounds on the effect of government share of GDP on per capita

pollution emissions, given relative correlation restrictions. Intervals in square

brackets are the bounds themselves, while the intervals in the round brackets

are the Imbens-Manski 95% cluster-robust asymptotic confidence intervals.
**Significant at 5%

5. Conclusions

This paper, using a sample of 71 countries for the period 1970-2008 examines the
impact of government size and income on pollution taking into account the dynamic nature
of the relationships. Our results stress the importance of the long-term effects of a change
in income or government expenditure on pollution.

The estimated direct effect of government expenditure is negative and significant
for SO,, but insignificant for CO,. Estimation of a non-positive direct effect of government
size on SO; is in line with recent findings by Lopez et al. (2011) and Lopez and Palacios
(2010). The results suggest that the direct effect of government spending on pollution is
insignificant and considerably smaller for CO,, in absolute values. This finding comes as
no surprise if we take into consideration both pollutants’ impact on human health and the
technological capabilities of reducing their levels in the atmosphere. In particular, SO,
emissions externalities are local and immediate while CO, emissions externalities are
global and occur mostly in the future. Local environmental degradation, as in the case of
SO,, increases demand for technological improvements to diminish that impact. The
difference in magnitude and significance between the estimated direct effects of
government expenditure on SO, and CO, could also be explained by how the different
types of pollutants respond to certain policies. In particular, the regulation of production
generated pollutants, like SO,, is expected to be more straightforward and this is reflected
in the estimated effects.
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Policy implications, occurring from the analysis, differ according to the level of
income in a country. Many studies have shown that government size reduces prosperity
(Folster and Henrekson, 2001; Bergh and Karlsson, 2010). However, cutting government
expenditure should be undertaken with particular care in some levels of GDP. Combining
our results with those of Halkos and Paizanos (2013), for SO, and CO; pollution, reducing
government size in developing countries leads to deterioration of environmental quality.
Therefore, cutting government expenditure in these countries should be accompanied by
appropriate environmental regulation along with the establishment of international
environmental treaties.

On the other hand, in countries with higher income levels, cutting government
expenditures leads to improvements in both income and environmental quality, while these
effects may also have a larger long-run effect. These implications bear some resemblance
to the EKC. In particular, countries with income level at the decreasing area of the EKC
are more likely to have already established the environmental legislation and to have
undertaken public expenditures for the improvement of environmental quality, thus they
are susceptible to diminishing returns from a further increase in government size. In that
context and combining our findings with the results from Lopez et al. (2011), cutting out
public spending items that increase market failure will be the most beneficial.
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Owovopkn avartoén kot Meprpariov: Ioyver  vro0eon g
aepfairovtikic kapmving Kuznets;
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Iepidnyn

H pedém avt e€etaler m oxéon peta&d oovouikng avamntuéng Kot meptBaAlovTiKng
nuiag. E&nydvtag v évvola tng vmobeong g meptPariovtikng koumoing Kuznets m
gpyacio pe TN YpNoN KoTAAANA®V 0KOVOUETPIK®V HeBOdwV avaivong panel dedopévmv
e€etalet epumepikd ) oyéon tov eknoundv CO,/c kot tov AEIT/c yia éva ohvoro 32 ywpmdv
kot yw T 7epiodo 1971-2008. Amd to gumelpikd  omoteEAéopaTa TG ovAAvomg
dwmotdveral 1 Vmapén pog N-pHopeng oxéong HETOED OIKOVOMIKNAG OVATTLUENG Kot
pomavong. Oumg deiyveton 6Tt To eKTIUNUEVO ONUElR KOG oo To panel dedopéva pmopet
VO UMV OVTIGTOLYOVV GTO TPOYHOTIKA CNUEID KOUTG TOL 1GYVOVV Y10l TIG OTOMKES YDPEC.
YUYKEKPIUEVO Y10, SIOPOPETIKEG YDPES GE SLUPOPETIKA YEWYPAPIKA onpeio Ppiockovpe pio
avapKtn ewkova and povotovikég 1 avtiotpoeng U-popeng 1 N-popeng cvpmeprpopés. Ot
YDOPEG ElVOL ETEPOYEVEIG E OOPOPETIKOVS GTOYOUOTIKOVG EKTIUNTEG TOAVOPOUNONG. AVTO
ovvendyetol OTL 1 YPNON OGS GCLVOMKNG N-HOPENG KOUTUANG TNG OXE0NG E1G0ONLOTOG-
nepPdAlovtog amd Tovg vIevBuvovE ANYNG amoeacemv umopel vo gival AavBaopévn Kot
TOPOTAAVNTIKN LE GOPAPES GUVETELIES OVOTOTEAECUATIKOTITOG TMV TOALTIKMY OVTOV.

Ag€erg Khewona: Owovopukn avamtoén, meptBailovtikny {npio, EKTOUTEG
CO,, exmouméc S, etepoyévela, Panel dedopéva.

JEL xmdwkoi:  Q56; 020; C23.

Environment and Economic development: Is the EKC hypothesis valid

George HALKOS
Laboratory of Operations Research,
Department of Economics, University of Thessaly
halkos@uth.gr

Abstract

In this paper we examine the concept of an Environmental Kuznets Curve (EKC)
hypothesis in a critical way aiming to justify its existence as well as to propose policies
compatible with sustainable development. For this reason, we make use of a data set on CO,
emissions for 32 countries over a 36 year time period. For this balanced panel database, we
apply a number of econometric methods to estimate the income-environment relationship.
Our results indicate the existence of N-shaped relationship between economic development
and pollution. However we show that the turning points calculated by panel data analysis
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may not reveal the actual turning points valid for individual countries. In our case and using
different countries from different geographical regions we found a mixture of monotonic or
inverted U-shape or N-shape behaviour. Countries are heterogeneous with different
stochastic regression coefficients. This implies that the use of the total N-shape income-
environment relationship by policy makers may be misleading with serious policy
ineffectiveness implications.

Keywords: Environmental Kuznets Curve; Panel Data; CO, emissions.

JEL Classification: Q56, 020, C23.

1. Introduction

The generation of electricity from conventional power stations is associated with a
number of environmental problems. For example, generation using coal causes significant air
pollution due to emissions of sulphur oxides, carbon dioxide, nitrogen oxides and particulates.
In the UK a 2000 MW coal fired station operating at 60% load factor burns about 4.4 million
tonnes of coal per year and each year emits into the atmosphere about 10 million tonnes of
carbon dioxide, 130,000 tonnes of sulphur dioxide, 40,000 tonnes of nitrogen oxides and
between 4,000 and 40,000 tonnes of particulate matter depending on how well the stack
emissions are cleared before they are released (Highton and Webb, 1980). Particular concern
has been expressed about the emissions of sulphur dioxide because the use of tall stacks to
disperse emissions can lead to problems of transnational pollution. Approximately 1 tonne of
sulphur burned produces 2 tonnes of sulphur dioxide (SO,) and sulphur is present, in varying
quantities, in both oil and coal.

Kuznets (1955) showed that during the various economic development stages,
income disparities first rise and then begin to fall. Degradation tends to be higher in many
middle income countries in comparison to less developed countries. The environmental
Kuznets curve (hereafter EKC) hypothesis proposes that there is an inverted U-shape
relation between environmental degradation and per-capita income. In this paper, we
examine the concept of an environmental Kuznets curve in a critical way with an eye
towards proposing policies compatible with sustainable development. Environmental
damage seems to be lower in the most developed countries compared to many middle-
income countries and higher in many middle-income countries compared to less developed
countries.

A number of authors have estimated econometrically the EKC using OLS analysis. The
EKC estimates for any dependent variable (e.g. SO,, NOx, deforestation, etc.) peak at income
levels, which are around the world’s, mean income per capita. Income as expected is not
normally distributed but skewed (with a lot of countries below mean income per capita). Arrow
et al. (1995), Ekins (1997) and Ansuategi et al. (1998) provide a number of reviews and
critiques of the EKC studies. Stern et al. (1996) identified a number of problems with some
of the main EKC estimators and their interpretation. They mention among others the
following problems:
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a) Econometric problems;
b) The mean-median income problems;
c) The interpretation of particular EKCs in isolation from other environmental problems;

d) The assumption of unidirectional causality from growth to environmental quality and the
reversibility of environmental change;
e) The asymptotic behavior

Stern (1998) reviews these problems in details and shows where progress has been made in
empirical studies.

A number of authors have estimated econometrically the EKC using OLS analysis.
The EKC estimates for any dependent variable (e.g. SO,, NOx, deforestation, etc.) peak at
income levels, which are around the world’s mean income per capita. Income as expected
is not normally distributed but skewed (with a lot of countries below mean income per
capita). Arrow et al. (1995), Ekins (1997) and Ansuategi et al. (1998) provide a number of
reviews and critiques of the EKC studies. Stern et al. (1996) identified a number of
problems with some of the main EKC estimators and their interpretation. They mention
among other econometric problems, the mean-median income problems, the interpretation
of particular EKCs in isolation from other environmental problems, the assumption of
unidirectional causality from growth to environmental quality and the reversibility of
environmental change and the asymptotic behaviour. Stern (1998) reviews these problems
in detail and shows where progress has been made in empirical studies.

Cropper and Griffiths (1994) and Selten and Song (1994), conclude that the majority
of countries in their analyses are below their estimated peak levels for air pollutants and
thus economic growth may not reduce air pollution or deforestation. This implies that
estimating the left part of EKC is easier than estimating the right hand part. Thus, use of
OLS is not likely to yield accurate estimates of the peak levels.

The differences in the extracted relationships as well as in the estimated turning
points may be attributed to the econometric models’ functional form used and the adoption
of static or dynamic analysis. Stern and Common (2001) find that sulfur emissions per
capita are a monotonic function of income per capita, when they use a global sample and an
inverted U-shape function of income when they use a sample of high-income countries
only. They calculate a much larger in size turning point ($ 908178) compared with the total
sample, again implying a monotonic EKC. Halkos (2003), using the same database but
proposing a dynamic model formulation finds much lower turning points in the range of
$2805-$6230 and inverted U-shape curves.

At the same time the inclusion of other independent variables in the model
formulation, affects significantly the estimated relationship. Roca et al. (2001) claim that
estimated EKC is weaker when more explanatory variables are used together with income.
Empirical evidence is not clear and mixed results have been found (Galeotti et al., 2006; He
and Richard, 2010; Chuku, 2011).

A number of studies found a linear and monotonic relationship between
environmental damage and income per capita. Akbostanci et al. (2009) examined the
income—environment relationship in the case of Turkey using time series and provincial
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panel data for the periods 1968-2003 and 1992-2001 respectively. They found a
monotonically increasing relationship between carbon dioxide emissions and income in the
case of times series analysis. Similarly, Fodha and Zaghdoud (2010) found a monotonically
increasing relationship between CO, emissions and GDP for Tunisia and for the period
1961-2004.

Other researchers have found an inverted-U shaped relationship with turning points
ranging from $823 to $79,000, implying a possible separation of environmental damage
from economic development (Grossman and Krueger, 1995; Holtz-Eakin and Selden 1995;
Cole et al., 1997; Stern and Common 2001; Halkos, 2003; Galeotti et al., 2006). Fodha and
Zaghdoud (2010) found an inverted-U shaped relation with a turning point of $1,200 for
SO2 for Tunisia and the period 1961-2004. Panayotou (1993; 1995; 1997) employed cross
sectional data and GDP in nominal US $ (1985). The equations for the pollutants considered
were logarithmic quadratics in income per capita. Deforestation was estimated against a
translog function in income/c and population density. All the curves estimated were
inverted U’s with turning point for deforestation at $823 per capita. Finally, He and Richard
(2010) using parametric, semi-parametric and non-linear models found weak evidence of
the EKC hypothesis for the relationship between CO, emissions and GDP in the case of
Canada and for the period 1948-2004.

Stern et al. (1996) claim that the mix of effluent has shifted from sulphur and NOx
to CO; and solid waste, in a way that aggregate waste is still high and even if per unit output
waste has declined, per capita waste may not have declined. Regressing per capita energy
consumption on income and temperature gave them an inverted U-shape relationship
between energy and income. Energy consumption peaked at $14600. The authors claim that
the results depend on the income measure used. If income in PPP is used, the coefficient on
squared income was positive but small and insignificant. If income per capita was measured
using official exchange rates, the fitted energy income relationship was an inverted U-shape
with energy use peaking at income $23900.

Others have found an N-shape relationship (Friedl and Getzner, 2003; Martinez-
Zarzoso and Bengochea-Marancho, 2004) which shows that the release of environmental
damage from economic development may be temporary (He and Richard, 2010). Grossman
and Krueger’s (1991, 1995) and Shafik and Bandyopadhyay (1992) suggest that at high-
income levels, material use increases in a way that the EKC is N-shape. Friedl and Getzner
(2003) found an N-shaped relationship between CO, and GDP for Australia and for the time
period 1960-1999. Akbostanci et al. (2009) found an N-shaped relationship in the case of
SO, and PM10 emissions in their panel data analysis.

A number of alternative theories of the economy-environment relationship exist and
are presented in Everett et al. (2010). Namely, the limits theory defines the economy-
environment relationship in terms of environmental damage hitting a threshold beyond
which production is so badly affected that the economy gets smaller. The new toxics view
relies on the idea that emissions of existing pollutants are decreasing with further economic
growth but the new pollutants substituting for them increase. This view questions the
existence of turning points and considers the possibility that environmental damage
continues to increase as economies grow (Everett et al., 2010). Similarly the race to bottom
theory states that international competition initially leads to increasing environmental
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damage, up to the point when developed countries start reducing their environmental impact
but also export polluting activities to poorer countries. The net effect, in the best case
scenario, is a non-improving situation. Finally, the Porter’s Hypothesis refers to growth and
environment as a false dichotomy and finds that well-designed environmental policy can
increase R&D into resource efficient products and processes, resulting in improved business
competitiveness and profitability (Everett et al., 2010).

Empirical formulations of the environment-income relationship and the exploration
of the EKC hypothesis rely on the econometric specifications that consist of an
environmental damage indicator as depending on an economic variable representing
economic development like GDP/c in level, square and cubic values as independent
variables. Due to lack of data different variables have been used so far in empirical
modelling to approximate environmental damage like air pollutants (SOx, NOx, CO,,
PM10, CO, etc.), water pollutants (e.g. toxic chemicals discharged in water, etc.) and other
environmental indicators (e.g. deforestation, municipal waste, energy use, urban sanitation
and access to safe drinking water).

This paper is organised as follows. Section 2 presents the econometric models used
in this study. The empirical evidence is presented in section 3. The final section concludes
the paper.

2. Econometric methods and Data used
The basic model to be estimated may be written as:

Y, =a+X,f,+6+7,+¢, (1)

where Yj; is the dependent variable; Xj; is a k-vector of explanatory variables; and & are the
disturbance terms for i = 1,2,...M cross-sectional units in periods t = 1,2,...T. The
parameter o corresponds to the overall constant in the model while 8; and vy, represent cross-
section and period specific effects (random or fixed) respectively.
Both fixed and random effects are inefficient in the presence of heteroskedasticity (Baltagi,
2001; Hsiao, 1986). In order to take into account heteroskedasticity and various patterns of
correlation between the residuals, Generalized Least Squares (GLS) specifications may be
used. For estimating B the GLS estimator is given as:
B=X'DO'X)'XD'Y @)

We have applied panel data methods to estimate the above equation. The first method
employed is the fixed effects (hereafter FE) while the second model is the random effects
(hereafter RE).

The orthogonality test for the RE and the independent variables is also examined.
For this reason, a Hausman test is used in order to test for inconsistency in the RE estimate.
In the case of coefficient heterogeneity FE and RE estimates in a static formulation are
consistent in the absence of other misspecification (Stern, 2010).

In our case, we analyze CO,/c emissions in a sample of 32 countries for the period
1971-2006. We have performed Box-Cox tests in order to test the linear against the
logarithmic functional form of the relationship between CO,/c and GDP/c. The model

proposed here is estimated as:
(CO2/c) it = aity+Pi1(GDP/c)itP2(GDP/c))aitB3(GDP/c) )sict€it (4.3)
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where the 0;’s are country specific intercepts and the y;’s are time specific intercepts and the
countries are indexed by i and time periods by t. CO»/c is carbon dioxide emissions per
capita in tons and g; is a disturbance term. Our sample consists of the 32 countries with full
record on CO, and GDP per capita information for the period 1971-2006°°. The database
used has 1152 observations per variable. GDP per capita has been used in international
prices (2005 US dollars) and the data have been obtained from OECD (2008). The CO, data
have been obtained from the IEA (2010).

The wvarious econometric specifications lead to different results. Specifically
(Halkos, 2013) :

If B1=P,=P3=0, there is no relationship between pollution and development

If B;>0 and B,=P;=0, there is an increasing monotonic or positive linear relationship
between pollution and development

If B1<0 and B,=Ps=0, there is a decreasing monotonic or negative linear relationship
between pollution and development.

If Bi>0, p2<0 and P3;=0, there is an inverted U-shape between pollution and
development and the EKC I hypothesis is valid.

If B1<0, B,>0 and B5=0, there is a U-shape between pollution and development

If Bi>0, P2<0 and Bs>0, there ia a N-shape relationship between pollution and
development.

If B1<0, B2>0 and B3<0, there is an inverted N-shape relationship between pollution and
development.

3. Empirical evidence

Table 1a presents the results of the unit root tests on the variables considered (i.e.
COy/c and GDP/c). As it can be seen there is evidence against non-stationarity in levels
where in all cases our variables are I(1); that is, they are stationary in first differences and
non-stationary in levels in all levels of statistical significance. Table 1b presents the Pedroni
Cointegration Tests where in seven of the eleven cases we reject the null hypothesis of no
cointegration at the conventional statistical significance level of 0.05.

Next, Table 2 presents the panel data model results. Fixed and random effects were
estimated first. These models were estimated also with time and country dummies but the

28 The countries used in our analysis are Australia, Austria, Belgium, Canada, Denmark, Finland, France,
Germany, Greece, Hungary, Ireland. Italy, Japan, Netherlands, New Zealand, Norway, Poland, Portugal,
Spain, Sweden, Switzerland, Turkey, UK, USA, Brazil, Chile, China, India, Indonesia, Israel, Russia, South
Africa.
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results were insignificant. The diagnostic tests for the fixed and random effects models
show a number of problems. As the Hausman test shows country intercepts and GDP/c are
correlated in the global model. The test shows that the random effects formulation is
consistently estimated. This suggests that there are omitted variables, which are correlated
with GDP/c. Looking at the Breusch-Pagan Lagrange multiplier test for random effects we
reject the null hypothesis in favour of the random effects model and we find significant
differences across countries. Similarly, the Pesaran’s test of cross sectional independence
leads to rejection of the null hypothesis and there is cross-sectional dependence implying
the estimation of the Driskoll-Kraay standards errors. Finally the modified Wald test for
group-wise heteroskedassticity led to rejection of homoskedasticity.

Tablela: Summary of panel unit root tests

Levin, Lin | Breitung Im, P.e AN | ADF- Fiscer | PP- Fiscer
and Chut | t-stat and  Shin W- Chi square chi-square
Levels stat
COy/c -0.24013 1.5615 0.19409 59.5051 65.1873
[0.4051] [0.9408] [0.5769] [0.6360] [0.4352]
9.1413 2.09624 9.59097 31.1598 14.9650
GDP/c [1.0000] [0.9820] [1.0000] [0.9998] [1.0000]

. Levin, Lin | Breitung Im, P'e SAraN | ADF- Fiscer | PP- Fiscer
First P and Shin W- . .
Differences and Chu t t-stat stat Chi square chi-square
A COyc -9.06847 -5.7905 -13.7486 304.282 870.216

[0.0000] [0.0000] [0.0000] [0.0000] [0.0000]

-4.51879. 0.37198 -6.7141 162.935 314.352
A GDP/c [0.0000] [0.6450] [0.0000] [0.0000] [0.0000]
P-values in brackets
Table 1b: Pedroni Residual Cointegration Test

Weighted
Statistic Prob. Statistic Prob

Panel v-Statistic 2.5056 0.0061 -0.5731 0.7170
Panel rho-Statistic 3.4835 0.9908 1.1007 0.8645
Panel PP-Statistic -1.074 0.8585 -4.039 0.0000
Panel ADF-Statistic -7.862 0.0000 -4.9215 0.0000
Group rho-Statistic 3.138 0.9991
Group PP-Statistic -3.1889 0.0007
Group ADF-Statistic -2.914 0.0018

Source: Halkos (2012)

We have estimated a number of other panel data analysis methods. As we face
problem of heteroskedasticity, generalized least squares were estimated with panel specific
AR(1) as well as generalized least squares with common AR(1) coefficients for all panels

1° Havelivio Zovédpro Owovopkng tov ductkmv [Topwv kat Tov IepiBdiiovtog:
Khpotikn AAloyn, Borog 26-27 Moptiov 2014

105




el
&

=
.,y
=
G

ENVECON 2014 "*‘j =

ENVECON 2014
and heteroskedastic panels in both cases. Between the two estimations, the latter performed
better. The results are presented in the last column of Table 2. The model passes the
diagnostic tests and indicates the presence of an N-shaped curve, and parameter estimates as
well as t-statistics are all statistically significant. The turning points are calculated at $22175
and $57231. Although the first is well within the sample the latter is above the maximum
value of GDP/c in the sample ($52152).

Table 2: Panel data model estimates

Model FE FE Driskoll- | RE FGLS RE
Kraay s.e. Common AR(1)
Constant 386.08 386.08 387.95 177.115
(12.243) (4.30) (2.3253) (28.52)
[0.0000] [0.0000] [0.0202] [0.0000]
GDPc 0.02174 0.02174 0.0213 0.01793
(2.997) (5.18) (2.943) (58.55)
[0.0028] [0.0000] [0.0033] [0.0000]
GDPc2 -1.05E-06  |-1.05E-06 -1.03E-06 -5.61E-07
(-2.7697) (-4.72) (-2.7224) (-44.52)
[0.0057] [0.0000] [0.0066] [0.0000]
GDPc3 1.78E-11 1.78E-11 1.76E-11 4.71E-12
(3.0458) (4.30) (3.0091) (28.52)
[0.0024] [0.0000] [0.0027] [0.0000]
Adjusted R2 0.942 0.942
Modified Wald test | 64000
[0.0000]
Pesaran test 9.292
[0.0000]
Breusch-Pagan LM 17010.81
[0.0000]
Hausman Test 0.74
(P=0.3884)
Turning Point 22171 and 57235
Heteroskedasticity 1.77 1.47 0.110
[0.077] [0.141] [0.91]
Heteroskedasticity 9.76 1.87 0.22
[0.000] [0.062] [0.828]
RESET, 4.82 4.88 0.81
[0.0000] [0.0000] [0.418]
RESET; 13.39 13.61 0.35
[0.0000] [0.0000] [0.7021]

Source: Halkos (2012)

In the same table four more diagnostic tests are presented in the last four rows. The
first two are tests for heteroskedasticity while the last two for specification errors. The first
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test is a regression of the squared residuals on Xs while the second test is essentially a
Glejser test. In most cases but the last there is heteroskedasticity problem. The last two tests
refer to the specification error and are applied by regressing the residuals on the squared
fitted values and on the cubic fitted values. The results of these RESET tests imply that the
equations of our model are not misspecified only in the last case.

Moreover, an individual (country) time series analysis has been performed in order
to see how much the total extracted relationship (N-shape) represents individual countries.
First all the variables of the countries considered were tested for stationarity and were all
I(1). Table 3 shows that the picture is unclear. Greece shows N-shape behaviour but at the
same time South Africa, Australia and Finland show a monotonic relationship and Brazil an
inverted U-shaped relationship. This raises the issue of heterogeneity as discussed
analytically in Dijkgraaf and Vollebergh (2005).

Table 3: Individual time series analysis

Model Greece South Australia Finland Brazil
Africa
Constant 889.7 151.65 116.37 44,1323 31.94
(26.98) (14.03) (39.65) (25.318) (3.644)
[0.0000] [0.0000] [0.0000] [0.0000] [0.0000]
GDPc 0.0375 0.03812 0.0083 0.00058 0.1014
(5.261) (9.82) (53.28) (5.928) (11.83)
[0.0000] [0.0000] [0.0000] [0.0000] [0.0000]
GDPc2 -2.75E-06 -1.19E-05
(-6.361) (-7.7575)
[0.0000] [0.0000]
GDPc3 4.72E-11
(6.067)
[0.0000]
Adjusted R2 0.93 0.74 0.99 0.51 0.65
Normality 0.38784 2.175 0.2825 0.3031 1.667
[0.8237] [0.3371] [0.8683] [0.8585] [0.4347]
RESET 0.6573 0.1557 0.1956 0.2531 1.3579
[0.4175] [0.6931] [0.6583] [0.6363] [0.2439]
ARCH effect 0.131994 0.2039 2.0288 1.999 1.91292
[0.7164] [0.9031] [0.1543] [0.1617] [0.1516]
Turning 8822 and 4261
Point 19240
Monotonic Monotonic Monotonic Inverted U-
Comments N-shaped increase increase Increase shaped EKC

Figures in parentheses are t statistics and in brackets P-values.

Source: Halkos (2012)
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6. Conclusions and Policy Implications

Economic growth leads to higher pollution. This scale effect has several
explanations. The demand for environmental quality is higher with higher income levels
because of the potential damage irreversibility and higher demand for environmental quality
requires stricter environmental regulations (Lieb, 2003). Our results indicate the existence
of an N-shaped relationship between economic development and pollution in the form of
CO; emissions. The N-shape curve has the first turning point at $22171 and the next at
$57235. The first is well within the sample while the second is outside the sample size
maximum value ($52156). This implies that the reduction of environmental damage from
economic development may be temporary and CO, emissions will increase indefinitely
above the income level of $57235.

We also find that the turning points calculated by panel data analysis may not reveal
the actual turning points (if any) that arise for individual countries. In our case and using
different countries from different geographical regions we found a mixture of monotonic, or
inverted U-shape or N-shape behaviour. This implies that the adaptation of the total N-
shape income-environment relationship may be misleading with serious policy
ineffectiveness implications.

Lieb (2003) claims that the downturn part of the N-shape may be due to a shock
while the upturn part due to an equilibrium relationship. Lieb presents a thoughtful
explanation for the final upturn of the extracted N-shape curve. This may be justified by the
completion of the internalization of the pollution externality as well as that the abatement
opportunities are exhausted. Lieb also claims that there is lower thermodynamics bound on
material and energy use per unit of GDP as well as that at higher incomes the control
methods applied exhibit decreasing and not anymore increasing returns to scale.

A number of policies may be followed. The need for technology transfer to help
developing countries to achieve sustainability emerges. To reduce pollution levels many
developing countries expect technology transfers in the form of foreign direct investment
from developed countries. These clean and updated technologies will reduce environment
damage by controlling emission levels. The main idea is that abatement technologies in
developed countries are cleaner and more advanced. As developing countries have no
financial resources to import and use these technologies at commercial cost this implies that
developed countries should transfer or facilitate the transfer of these technologies to less
developed or developing countries. The impact of this technology transfer depends on the
type of industrial activity. That is, in the energy sector these transfers will be more
beneficial for the environment compared to other industries such as textiles, etc. It should be
emphasized that transfer of information must accompany these technology transfers on
know-how and skills to enable countries to design or modify their own technologies.

Environmental policy may be a significant initiative for innovation. As air pollution
is considered an externality, internalization of this externality requires relatively advanced
institutions for collective decision making. This can be achieved only in developed
economies.
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Abstract

The complexity of the relationship between energy consumption and economic growth calls
for rigorous investigation through different methodological approaches and empirical
estimations. The development of contemporary databases, in the context of Material Flow
Analysis (MFA), has permitted estimation of the link between economic systems and the
energy inputs essential for the production process and CO, emissions. Furthermore, the
contemporary debate on the causal relationship between energy consumption and economic
growth has resulted in numerous econometric studies since the initial seminal paper of Kraft
and Kraft in 1978. In this broad context, the present study can be seen as an effort to bridge
two different fields of empirical analysis: the energy-GDP causality nexus; and the
decoupling effect, for both energy intensity and emissions intensity estimates. Two
indicative case studies are investigated: the USA, as a representative post-industrial
economy; and China, as a representative highly developing economy. A historical analysis
of these two countries, in the light of the empirical evidence on the causal relationship
between energy use and GDP growth (the causality investigation) along with energy use
intensity per unit of GDP and CO; emissions per unit of GDP (estimation of the decoupling
effect), contribute to a fruitful comparison among methodologies and results and lay the
foundation for an integrated approach to the complex relationship between the use of
natural resources and economic growth.

Keywords: Decoupling effect; E-GDP causality; Energy Intensity; Emissions
Intensity; Decoupling Index

JEL Classification: 0130; Q300; Q320; Q430; Q440.

1. Introduction

The intricate relationship between energy consumption and economic growth, and
its implications for both the scarcity of natural resources and global climate change, has
long attracted the interest of interdisciplinary scientific research. In the light of this interest,
is economic growth in fact making the transition towards lower energy and (energy-related)
emissions intensity? Will the transition to a modern service-oriented economy and
unparalleled technological progress bring about the decoupling of economic process from
energy resources and consequently environmental improvement? There are various ways of
scrutinizing these crucial questions. Among the most representative frameworks of
empirical analysis for investigating the relationship between energy consumption and
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economic growth are Energy Intensity (EI) estimation, which concerns the so-called
decoupling effect, and the investigation of the causal relationship between energy use and
economic growth (the so-called E-GDP causality nexus).

In essence, the former dialogue concerns the empirical estimation of the so-called
decoupling of economic growth from the use of natural resources (e.g. energy/material
resources) and environmental pressure (e.g. environmental degradation, waste, emissions,
etc), while the latter concerns an extensive debate that explores the causal relationship
between energy use and economic growth and the effort to determine its direction by
employing sophisticated econometric techniques. In this context, the present study could be
perceived as a small empirical effort aspiring to cast light on two distinct scientific
dialogues concerning the complex relationship between modern economies and energy use.
For this purpose, two case studies will be investigated, the USA and China.

2. The Material Flow Analysis (MFA) and the Energy Intensity of the economy

Contemporary empirical studies estimate the Energy Intensity (EI) of economies by
means of the methodological principles of economy-wide Material Flow Analysis (MFA).
The principal indicator utilized is the Domestic Energy Consumption/Gross Domestic
Product (DEC*/GDP) ratio, which is among the most cited macroeconomic indicators
measuring the decoupling effect (Krausmann et al., 2009; UNEP, 2011). In most case
studies, assessment based on MFA ratios seems to verify that EI declines continually.
Moreover, a significant number of publications have identified at least a relative™
decoupling of GDP from energy use over the last 50 years for most of the developed
countries and, more recently, for some developing countries as well (Krausmann et al.,
2009). Such a trend may raise optimism that modern economic growth is characterized by a
transition towards reduced dependency on energy resources.

However, energy requirements - and hence EI - are closely related to the physical
dimensions of goods. Goods have certain physical dimensions and therefore “embody”
certain amounts of energy flows. We distinguish the most important element, the final
receiver of economic goods: human beings. They, as the final consumption unit of human
systems, interact with the natural systems which are both the primary source of energy
resources and the main sink absorbing wastes, emissions, etc. This crucial interaction
between coupled human and natural systems is largely neglected within standard
decoupling analyses. In that context, the present study aspires to integrate the socio-
demographic dynamics of population growth in a direct and straightforward application
within EI estimation. A more detailed analysis of the proposed framework has been
published recently (Bithas and Kalimeris, 2013). The present study attempts to estimate the
decoupling of economic growth from energy consumption by using both the standard MFA
methodology and the alternative framework proposed by Bithas and Kalimeris (2013), in
indicative case studies of the USA and China. In addition, it estimates the energy-related

¥ DEC=domestic energy extraction/production +energy imports — energy exports

3 The relevant literature distinguishes the decoupling effect into two distinct categories: relative decoupling and absolute
decoupling. Relative decoupling means that the growth rate of the resource used is lower than the rate of economic growth
(GDP), while absolute decoupling is defined as a decline in resource use irrespective of the economic growth rate (UNEP
2011, p. 5)
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CO; emissions intensity, that is, the quantity of CO, emitted per unit of GDP (and the
proposed GDP per capita), in both countries.

3. An insight into the causal relationship between energy and economic growth

The last three decades have seen a growing literature concerning the causal
relationship between energy consumption and economic growth. This ongoing debate,
starting with Kraft and Kraft’s (1978) seminal study, produced at least 172 research papers
by 2011, encompassing a wide variety of approaches, econometric methodologies, time
periods and proxy variables. In brief, there are four possible findings regarding the direction
of the causal relationship between energy consumption and economic growth (Kalimeris et
al., 2014):
Neutrality hypothesis or no causality (E#GDP): This implies that energy consumption is
not correlated with GDP growth and it follows that energy scarcity and conservative
policies in relation to energy use do not affect economic growth.
Conservation hypothesis (GDP—E): unidirectional causality from GDP growth to energy
consumption. This implies that GDP growth causes energy consumption. It suggests that an
economy that functions in such a causal relationship is less energy dependent; consequently,
conservation policies regarding energy consumption will have little or no adverse effect on
economic growth.
Growth hypothesis (E—GDP): unidirectional causality from energy consumption to GDP.
This implies that energy consumption causes GDP growth. Consequently, increases in
energy consumption may contribute to further economic growth, but reductions in energy
consumption may have negative effects on growth.
Feedback hypothesis (E<»GDP): causality between GDP and energy consumption is bi-
directional. Energy consumption and GDP growth trigger each other.

The present study limits its scope to reviewing those studies on causality that
explicitly concern the USA and China.

4. Data sources

The present study utilized various databases for each level of empirical analysis in
the two countries. More specifically, regarding the USA, domestic energy consumption (in
PJ) was taken from Gierlinger and Krausmann (2011;  Attp://www.uni-
klu.ac.at/socec/inhalt/1088.htm), while data on GDP and population were drawn from
Maddison (2008; http://www.ggdc.net/ MADDISON/oriindex.htm). Energy related CO,
emissions (measured in million tons) for USA were derived from the “Earth Policy
Institute” data center (http.//www.earth-policy.org/data_center/C23). In the case of China,
data on primary energy consumption (in mtoe) and energy related CO, emissions were
obtained from BP’s “Statistical Review of World Energy
2013 (http.//www.bp.com/en/global/corporate/about-bp/energy-economics/statistical-
review-of-world-energy-2013/review-by-energy-type.html). Data on GDP and population
were drawn from the conference board “The Total Economy Database”
(https://www.conference-board.org/data/economydatabase/). GDP is expressed in both case
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studies in million 1990 International Geary-Khamis dollars’® per year (million 1990

GKS$/y). Population is in millions. Lastly, in order to review E-GDP causality we took data
from a recently published meta-analysis of the literature (Kalimeris et al., 2014).

5. The case of USA
5.1 Estimating the US Energy Intensity for 1870-2005

This section aims to cast light on energy consumption trends in the US economy,
which is among the most representative highly developed post-industrial economies. The
USA is simultaneously the world’s largest energy consumer’> and largest economy. Figure
1 presents the EI for the USA, estimated by both standard DEC/GDP and the alternative
DEC/[GDP pe; capita] proposed by Bithas and Kalimeris (2013), and the USA DEC per capita
consumption, for 1870-2005. All are indexed (1870=100).

Figure 1. USA Energy Intensity and DEC ¢, capita, fOr 1870-2005
103
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=100
>y

101

Indexed 1870
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100 7 —«—usA DEC/GDP

—=—— USA DEC/[GDP per Capita]

USA DEC per capita

The DEC/GDP ratio, which initially indicates a relatively stable EI (1870-1923),
shows a continual EI decrease (decoupling) from 1924 until 2005. On the other hand, the
proposed DEC/[GDP pe; capita] sShows EI increasing continually during 1870-1933, indicative
of a coupling trend. After 1934, with the exception of strong decoupling during WWII,
relative stability holds until 1977. Finally, the DEC/[GDP e capita] ratio decreases
throughout 1978-2005. Special note should be taken of the DMC e capita trend which
decreases in 1979-1983 and remains relatively stable in 1985-2005.

11990 international Geary-Khamis dollars are purchasing power parities (PPPs) used in evaluating output. They are
calculated based on a specific method devised to define international prices.

32 At least in the period examined here (until 2005). However, after 2009, China takes the lion’s share of total Primary
Energy Consumption, although the US economy remains the world’s largest economy by 2012 GDP according to the
World Bank’s databases.
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5.2 Estimating the USA Decoupling Index for 1870-2005

Estimating the EI alone has limited ability to measure the magnitude of the
decoupling effect precisely. In order to verify whether the observed decoupling is relative or
absolute, a second level of analysis is essential: the estimation of the Decoupling Index,
proposed by UNEP (2011). In order to smooth out short-term fluctuations of the economic
cycles, we estimate a time period of one decade, instead of the proposed one-year period, by
using moving averages.
First, we estimate the DI using the US DEC/GDP ratio:

_(DEC, - DEC, )/ DEC, , A(DEC)
(GDP ,~GDP,_,)/GDP,,  A(GDP) 0

where ¢ is an averaged time period of one decade. Hence, #-1 represents the change from the
average of one decade to the next. Second, we estimate the DI for US DEC/[GDP er capital
using the same formula but with GDP replaced by GDP per Capita throughout. UNEP
(2011) proposes the following interpretation for DI:

When DI>1, no decoupling is taking place.

DI=1 is the turning point between absolute coupling and relative decoupling.

When 0<DI<1, relative decoupling is taking place.

DI=0 implies that the economy is growing while resource consumption remains constant.
This is the turning point between relative and absolute decoupling.

When DI<O0, the relationship can be described as absolute decoupling.

Figure 2. USA Decoupling Index for DEC/GDP and DEC/[GDPpc] for 1870-2005

~ T — T N T N T T
1870 1880 1890 1900 1910 130 193Q 1 Y *1980 1990 2000

Indexed decade 1870=1

USA DEC/GDP Decoupling Index

- - - USA DEC/[GDP per Capita] Decoupling
Index

decades*

*With the exception of the last period examined
which is a six years period (2000-2005)

Figure 2 shows estimated DI for both the DEC/GDP and DEC/[GDP pe; capita] ratios for
1870-2005. The former presents a relative decoupling trend except in the decade of the
1900s. Furthermore, 1920-1940 is a period of absolute decoupling (DI<0). In contrast, the
proposed DEC/[GDP ¢ capita] indicates two periods of coupling (1870-1930; 1940-1970)
and two periods of relative decoupling (1930-1940; 1970-2000). From the 1980s, both
indicators present a similar picture of DI (relative decoupling).
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5.3 Estimating USA CO; emissions intensity for 1950-2012

Figure 3 presents estimates of the USA energy-related CO, emissions intensity in
both the standard and the proposed frameworks. In addition, it shows the energy-related
CO; emissions per capita. While the emissions per unit of GDP show a continuous
declining trend (excluding two short periods of stability in the mid-1950s and early 1970s),
the emissions per unit of GDP per capita increase during 1950-1970 and decrease after
1980. Furthermore, the emissions per unit of GDP per capita stabilize during 1986-1996,
decreasing again after the late 1990s. On the other hand, emissions per capita seem to peak
in the early 1980s, remain relatively steady during 1980-2005 and decrease strongly during
2006-2012.

Figure 3. USA Carbon Dioxide Emissions Intensity for 1950-
2012
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5.4 The case of the USA in the E-GDP causal relationship dialogue

Table 1: Review of studies on the causal relationship between E and GDP for the USA

Author(s) Year Time period  Causality conclusion
Kraft and Kraft 1978 1947-1974 E<—GDP
Akarca and Long 1980 1950-1970 E+GDP
Yu and Hwang 1984 1947-1979 E#GDP
Abosedra and Baghestani 1989 1947-1987 GNP—E
Yu and Jin 1992 1974-1990 E#GDP
Stern 1993 1947-1990 E—GNP
Cheng 1996 1947-1990 E#GDP
Zarnikau 1997 1970-1992 E<—~GNP
Stern 2000 1947-1994 E—GNP
Thoma 2004 1970-2000 E—income
Soytas et al. 2007 1960-2000 E#GDP
Bowden and Payne 2009 1949-2006 E—GDP generally
Payne 2009 1949-2006 Renew#GDP Non Ren#GDP
Warr and Ayres 2010 1946-2000 EX—GDP
Payne and Taylor 2010 1957-2006 Nuclear#GDP
a Coal#GDP GDP—Gas

Payne 2011 1949-2006 Petroleum—GDP
Payne® 2011 1949-2007 BioE—GDP
Fallahi 2011 1960-2005 Different Regimes
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Table 1 lists those contributions to the causality debate that explicitly investigate the
case of the USA, specifically, 18 studies during 1978-2011. Seven (38.9%) studies support
the neutrality hypothesis (EAGDP); six (33.3%) support the growth hypothesis (E—GDP),
including one (Thoma, 2004) that explicitly examines the causality between E and Income
(GDP per capita); two studies (11.1%) support the conservation hypothesis (GDP—E); and
only one study (5.6%) supports the bidirectional hypothesis (E<»GDP). Payne (2011) gives
mixed results for different energy resources and Fallahi (2011) examines different time
regimes, giving different causality results per regime.

6. The case of China
6.1 Estimating the Chinese Energy Intensity for 1965-2012

This section investigates EI in China, the most representative highly-developing
country of the world. Figure 4a presents the total and the per capita primary energy
consumption for China for 1965-2012, both indexed (1965=100). The year 2002 is a
milestone that signals a dramatic increase in both ratios, lasting until 2012. Evidently, the
Chinese economy has been consuming massive amounts of energy in the last decade. On
the other hand, Fig. 4b presents estimates of both the standard and the proposed EI
indicators (indexed 1965=100). Both reveal a steep coupling trend until 1978, followed by a
fluctuating reduction in EI during 1979-2002. Finally, EI trends stabilize from 2002 up to
2012; this too is depicted by both indicators. During 2002-2012, the period of extreme
increase in primary energy consumption, the EI seems to be stable for both indicators, with
the proposed EI indicator hinting at a smooth EI increase from 2009.

Figure 4a. China Primary Energy Consumption and per capita Figure 4b. China Primary Energy Intensity (indexed 1965=100) for 1965-
Primary Energy Consumption indexed (1965=100) for 1965-2012 2012
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6.2 Estimating the Chinese Decoupling Index for 1965-2012

Figure 5 presents estimates of the Decoupling Index for China. For more details
about the interpretation and the methodology used for its construction, see Section 5.2.
Time periods on the horizontal axis are five-year periods, (period 1=1965-1969; period
2=1970-1974, and so on), and moving averages are employed. Both the standard and the
proposed indicators demonstrate an extreme coupling trend during 1965-1979.

Subsequently, in 1980-2004, both show relative decoupling (DI<1). However,
values in the last two periods (2005-2012) are very close to one (DI=0.85 for both
indicators), which represents the borderline between relative decoupling and no-decoupling.
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Figure 5. China Decoupling Index of PEC*/GDP and PEC/[GDPpc] 1965-2012
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6.3 Estimating the Chinese CO; emissions intensity for 1965-2012

Figure 6a shows the Chinese energy-related CO, emissions intensity for both the indexed
(1965=100) standard and the proposed indicators, for 1965-2012. Figure 6b depicts per
capita energy-related CO, emissions for the same period (1965=100). Figures 6a and 6b
present remarkable similarities with Fig. 4a and 4b, respectively.

Figure 6a. China Carbon Dioxide Emissions Intensity for 1965- Figure 6b. China Carbon Dioxide Emissions per capita for 1965-
2012 2012
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6.4 The case of China in the E-GDP causal relationship dialogue

Table 2 lists the contributions to the causality debate that explicitly investigate the
case of China. Of the ten recent studies (all after 2004), four (40 %) support the growth
hypothesis (E—>GDP), two of which concern only electricity consumption (Shiu and Lam,
2004; Yuan et al., 2007) while one estimates the energy intensity causality on economic
structure™ (Feng et al., 2009). The bidirectional hypothesis (E<>GDP) is supported by three
studies (30%), and the conservation (GDP—E) and neutrality hypotheses (E# GDP) find
support in one study each. Finally, there is one study with mixed results (Yanqin, 2011).

3 Economic structure is defined as the percentage of added value by tertiary industry in GDP
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Table 2: Review of studies on causal relationship between E and GDP for China

Author(s) Year Time period Causality conclusion
Shiu and Lam 2004  1971-2000 Electricity—GDP
Soytas and Sari 2006  1971-2002 E#GDP

Zou and Chau 2006  1953-2002 Oil Cons.<»GDP
Yuan et al. 2007  1978-2004 Electricity—GDP
Yuan et al. 2008  1963-2005 E—~GDP

Zhang and Cheng 2009  1960-2007 GDP—E

Feng et al. 2000 1980-2006 Energy intensity =

Economic Structure

Yangqin 2011 1980-2008 Varied

Yin and Wang 2011 1953-2008 E—GDP

Shuyun and Donghu 2011  1985-2007 E—GDP

7. Conclusions

The present paper aims to address the intricate relationship between energy
resources, energy-related emissions and economic growth, employing two different
methodological approaches. Towards this end, the study has performed a three-level
analysis for the two indicative cases of USA and China: first, it estimates the EI and the
energy-related CO, emissions intensity, using both the mainstream and an alternative
methodological framework; second, it estimates the so-called Decoupling Index (DI), in
order to classify the observed decoupling trends into relative and absolute (or no)
decoupling; third, it reviews and classifies those studies of the so-called E-GDP causality
dialogue that explicitly concern the USA and China. The main purpose of this review is to
trace and to evaluate the possible implications and interrelations that the causality debate
might have with the decoupling effect and the EI trends for these two countries.

Differences have been revealed in EI estimated by the standard and the proposed EI
indicators, especially in the case of the USA. Furthermore, the emissions intensity presents
similar trends with the EI; the USA presents continuous decline in energy and emissions
intensity throughout recent economic history, whereas China shows stabilization in both in
the last few years. Concerning the causality debate, it seems that the neutrality hypothesis is
the prevailing result for USA, followed closely by the growth hypothesis, so there is no
clear evidence concerning the actual direction of causality for USA. What is more, the
neutrality hypothesis is not verified by the proposed EI indicator which reveals substantial
periods of coupling between energy use and economic growth. In the case of China, the
growth hypothesis seems to be the prevailing causality result, while EI and emissions
intensity seem to remain constant in recent years (2007-2012). In any case, this targeted
partial review of the causality debate reflects, to some extend, the shortcomings of the entire
causality debate, which have led to severe recent criticism for inconsistency and mixed
results (Kalimeris et al., 2014).

Finally, future research could benefit from applying and integrating other levels of
analysis within the present one, such as the addition of the Environmental Kuznets Curves
(EKCs) empirical estimates, the Physical Trade Balance (PTB) among countries, and the
rigorous estimation and evaluation of the magnitude of the possible effect of outsourcing on
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declining trends of EI in developed countries. In that sense, an effort to integrate the
conclusions of various methodologies might prove to be a fruitful enhancement of the

dialogue and cast more light on the complex relationship between energy and development.
The present study can be seen as a small contribution in this direction.

Acknowledgements

The present research was co-financed by the European Union (European Social Fund —
ESF) and Greek national funds through the Operational Program "Education and Lifelong
Learning" of the National Strategic Reference Framework (NSRF) - Research Funding
Program “Heracleitus II: Investing in the knowledge society”

References

Abosedra, S., Baghestani, H., 1989. New evidence on the causal relationship between U.S. energy
consumption and gross national product. Journal of Energy and Development 14 (2), 285—
292.

Akarca, A.T., Long, T.V., 1980. On the relationship between energy and GNP: a reexamination.
Journal of Energy and Development 5, 326-331.

Bithas, K., Kalimeris, P., 2013. Re-estimating the decoupling effect: Is there an actual transition
towards a less energy-intensive economy? Energy 51, 78-84.

Bowden, N., Payne, J.E., 2009. The causal relationship between U.S. energy consumption and real
output: A disaggregated analysis. Journal of Policy Modeling 31(2), 180-188.

Cheng, B.S., 1996. An investigation of cointegration and causality between energy consumption and
economic growth. Journal of Energy and Development 21, 73-84.

Fallahi, F., 2011. Causal relationship between energy consumption (EC) and GDP: A Markov-
switching (MS) causality. Energy 36(7), 4165-4170.

Feng, T., Sun, L., Zhang, Y., 2009. The relationship between energy consumption structure,
economic structure and energy intensity in China. Energy Policy 37(12), 5475-5483.

Gierlinger, S., F. Krausmann. 2011. The Physical Economy of the United States of America
Extraction, Trade, and Consumption of Materials from 1870 to 2005. Journal of Industrial
Ecology 16(3), 365-3717.

Kalimeris, P., Richardson, C., Bithas, K., 2014. A meta-analysis investigation of the direction of the
energy-GDP causal relationship: implications for the growth-degrowth dialogue. Journal of
Cleaner Production 67, 1-13.

Kraft, J., Kraft, A., 1978. On the relationship between energy and GNP. Journal of Energy and
Development 3, 401-403.

Krausmann, F., Gingrich, S., Eisenmenger, N., Erb, K.H., Haberl, H., Fischer-Kowalski, M., 2009.
Growth in global materials use, GDP and population during the 20th century. Ecological
Economics 68, 2696-2705.

Payne, J.E., 2009. On the dynamics of energy consumption and output in the US. Applied Energy
86(4), 575-577.

Payne, J.E., 2011a. US Disaggregate Fossil Fuel Consumption and Real GDP: An Empirical Note,
Energy Sources, Part B. Economics, Planning, and Policy 6(1), 63-68.

Payne, J.E., 2011b. On Biomass Energy Consumption and Real Output in the US. Energy Sources,
Part B: Economics, Planning, and Policy 6(1), 47-56.

1° Havelivio Zovédpro Owovopkng tov ductkmv [Topwv kat Tov IepiBdiiovtog:
Khpotikn AAloyn, Borog 26-27 Moptiov 2014
121



ENVECON 2014

ENVECON 2014

Payne, J.E., Taylor, J.P., 2010. Nuclear Energy Consumption and Economic Growth in the U.S.: An
Empirical Note. Energy Sources, Part B: Economics, Planning, and Policy 5(3), 301-307.

Shiu, A., Lam, P.L., 2004. Electricity consumption and economic growth in China. Energy Policy
32(1), 47-54.

Shuyun, Y., Donghu, Y., 2011. The Causality between Energy Consumption and Economic Growth
in China: Using Panel Method in a Multivariate Framework. Energy Procedia 5, 808-812.

Soytas, U., Sari, R., 2006. Can China contribute more to the fight against global warming? Journal
of Policy Modeling 28(8), 837-846.

Soytas, U., Sari, R., Ewing, B.T., 2007. Energy consumption, income, and carbon emissions in the
United States. Ecological Economics 62(3-4), 482-489.

Stern, D.I., 1993. Energy and economic growth in the USA. A multivariate approach. Energy
Economics 15(2), 137-150.

Stern, D.I., 2000. A multivariate cointegration analysis of the role of energy in the US
macroeconomy. Energy Economics 22(2), 267-283.

Thoma, M., 2004. Electrical energy usage over the business cycle. Energy Economics 26(3), 463-
485.

United Nations Environment Programme. 2011. Decoupling natural resource use and environmental
impacts from economic growth. A Report of the Working Group on Decoupling to the
International Resource Panel. Fischer-Kowalski et al.
http://www.unep.org/esourcepanel/decoupling/files/pdf/Decoupling Report English.pdf.
(Accessed October 2011).

Warr, B.S., Ayres, R.U., 2010. Evidence of causality between the quantity and quality of energy
consumption and economic growth. Energy 35(4), 1688—1693.

Yangin, M., 2011. Study on energy consumption ingredients and economic growth in Henan based
on co-integration and granger test. International Conference on Management Science and
Industrial Engineering (MSIE), IEEE Conference Publication, pp 307-311.

Yin, J.H., Wang, Z.H., 2011. The Relationship between Energy Consumption and Economic Growth
in China—Based on the Data in the Period of 1953-2008. Science Research Management 7,
122-129.

Yu, E.S.H., Hwang, B.K., 1984. The relationship between energy and GNP: Further results. Energy
Economics 6(3), 186-190.

Yu, E.S.H., Jin, J.C., 1992. Cointegration consumption, tests of energy income, and employment.
Resources and Energy 14(3), 259-266

Yuan, J., Kang, J. G., Zhao, C., Hu, Z., 2008. Energy consumption and economic growth: evidence
from China at both aggregated and disaggregated levels. Energy Economics 30 (6), 3077—
3094.

Yuan, J., Zhao, C., Yu, S., Hu, Z., 2007. Electricity consumption and economic growth in China:
cointegration and co-feature analysis. Energy Economics 29(6), 1179-1191.

Zarnikau, J., 1997. A reexamination of the causal relationship between energy consumption and
gross national product. Journal of Energy and Development 21, 229-239.

Zhang, X.P., Cheng, X.M., 2009. Energy consumption, carbon emissions, and economic growth in
China. Ecological Economics 68(10), 2706-2712.

Zou, G., Chau, K.W., 2006. Short- and long-run effects between oil consumption and economic
growth in China. Energy Policy 34(18), 3644-3655.

1° Havelivio Zovédpro Owovopkng tov ductkmv [Topwv kat Tov IepiBdiiovtog:
Khpotikn AAloyn, Borog 26-27 Moptiov 2014
122



ENVECON 2014

NVECON 2013
Epunvevtikol mapayovres g petapfoinc tov ekmopnov CO, oty
Evponaixn) 'Evoon wptv Kot petd Tnv 01KoOvouIK] Kpion

Aavan Avokovidakn & Afquntpa Koridov
EBvikd Metooio [ToAvteyveio, Zyorn Xnukov Mnyavikov
Epyaotpro. Bropnyavikng & Evepyeiaxng Owovopiag,
[MoAvteyveiovmoln Zoypapov Adnva 15780
diak@chemeng.ntua.gr, dkopidou@chemeng.ntua.gr

Hepitnyn

H Evpomnaiky Evoon katéyel otabepd pio nyetikny 0éon oty moaykoOcui mpoomddeia
KOTOTOAEUNONG TNG KAMUATIKNG HETAPOANG, EVD GTO GUVOLO TNG LIEPKAAVYE TO GTOYO TOV
K16t0 yio ™ peimon tov ekmoundv aepiov tov Oepuoknmiov. X10 eninedo TV KPOTOV-
HEADV OU®G, Tapatnpeitol pio astntn) S10popomoincn TOV ETBOCEMY. TNV EPpYOcio aVTN
SEPELVAOVTAL Ol TPOCIIOPLOTIKOL TOPAYOVTEG TOV EPUNVEVOLV TN LETAPOAN TOV EKTOUTDOV
CO,, T0V O oNUAVTIKOV agpiov tov Beppoknmiov, kabe kpdtovg pérovg g EE pe otodyo
va avadeyBel o Pabudg amoovvoeong TG OWKOVOMIKNG HeyEBuVoNG amd TO VYOG TOV
EKTTOUT®V, OAAG KoL 1| GYETIKT] GLUPOAN TAPAUETP®V TOV GYeTICOVTOL HE dLopHpmOTIKES Kot
TEXVOAOYIKEG peTaPOAéEC g owovopiag tovg. Ta amotedéopoata  avodetkvdovv pia
ONUOVTIKY OVOOGTPOPN TNG GULUPOANG TV S0POPOV EPUNVEVTIKOV TOPAUETPOV GTNV
mePlod0 LETA TNV OKOVOUIKT KpioT), VTOINAMVOVTAG Ui TAPATAELPN OPYNTIKY EMITTOON
™G VPECNG OTNV OMOTEAEGUOTIKOTNTA YPNONG TOV TOP®V KOU KAT EMEKTOCT OTO
neppairov. H peBodoroyia mov epappoletor eivar n avéivon amodounong (decomposition
analysis) Kot 1dwcotepa 1 p€B0dog e ypnon dektdv, Log-Mean Divisia Index 1.

Ageig Kherona: Exnmounég CO,, Evponaikn Evoon, ypnon deiktdv,
owovopkn kpion.
JEL Kowéwkoi: 044; 047; 052; Q43; Q56.

Drivers of carbon emissions in EU countries before and during the
economic crisis

Danae Diakoulaki, Dimitra Kopidou
Laboratory of Industrial & Energy Economics, School of Chemical Engineering, National
Technical University of Athens, Zografou diak@chemeng.ntua.gr,
dkopidou@chemeng.ntua.gr

Abstract

The present paper is addressing the challenge faced by European Union (EU) to achieve a
sustainable low carbon economy and in particular, to reduce carbon emissions by 20% up to
2020, according to the targets set in its “energy and climate package”. A decomposition
analysis is performed in each EU country in order to uncover the explanatory factors behind
the changes in CO, emissions, during the period 2000-2010 and to detect major drivers and
common trends. The period under investigation was split into two time intervals, before and
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during the economic crisis in order to more accurately identify the respective effects of the
examined drivers. The decomposition approach used relies on the Log Mean Divisia Index I
method. It was found that during the period of economic growth, rising emissions have been
offset by significant improvements in energy intensity, denoting a more efficient use of
energy resources due to technological and organizational changes. The fuel mix in the
economy and in the electricity generation sector seems to play a minor role to emission
reduction. The picture is quite different during the economic recession, with energy
intensity effect becoming less apparent or even contributing to emissions rise, while
changes in the fuel mix appear as the major driver to emission reduction. Finally, structural
changes had a limited effect in both periods, although the shift toward the service sector
appears to contribute to emission reduction, especially in the most developed EU countries.

Keywords: Carbon emissions; decomposition analysis; growth, energy; European
Union.
JEL Classification: 044; 047; 052; Q43; Q56.

1. Introduction

The European Union (EU) is steadily at the forefront of the fight against climate
change. Following early actions aiming at the deployment of Renewable Energy Sources
(RES) and the efficient use of energy, the EU played a leading role for undertaking global
actions against climate change under the Kyoto Protocol. Moreover, in 2007 the EU set
ambitious targets for 2020: to cut CO, emissions by 20% of 1990 levels, to increase the
share of RES to 20% of total energy consumption and to reduce energy consumption by
20% of its projected 2020 levels (COM, 2007).

In order for CO, emission reduction targets to be successfully achieved by 2020, it is
very important to look back in the past. Specifically, discovering the reasons explaining any
progress or delay in the evolution of CO, emissions can offer valuable information in the
design and/or adaptation of effective policy measures. In fact, the different point of
departure, and the different efforts undertaken by each country have significantly influenced
emission reduction (Diakoulaki and Mandaraka, 2007). Moreover, the financial crisis that
hit the world economy in 2008-09, may also affect the mix of measures adopted by each
country.

Decomposition analysis is widely recognized as a powerful tool for detecting the
driving forces behind changes of various aggregate indicators over time. Relevant methods
have been widely used in energy studies since the early eighties, as a response to the
preceding energy crisis. The growing concern for climate change has gradually shifted the
focus of research to the carbon emissions arising from energy production and use, thus
providing a more integrated assessment of countries and sectors with respect to
sustainability. An early literature review conducted by Ang and Zhang (2000) found a total
of 124 studies using a Decomposition methodology for energy and environmental analysis.
Since then, the number of studies has shown an exponential growth (Xu and Ang, 2013).
Relevant studies are conducted either at country level or focus on specific sectors, notably
on industry, transport, electricity generation and the building sector.
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In this paper we examine the evolution of carbon emissions during the period 2000-
2010 in 25 out of the 27 EU countries (excluding Luxemburg and Malta), as well as for the
average of EU-27. The period under investigation was split into two time intervals, before
and during the economic crisis in order to more accurately detect the effect of economic
crisis on emission reduction. European economies are divided into 6 main economic sectors
according to NACE Rev.2), namely: A: Agriculture, fishing. B: Mining and quarrying. C:
Manufacturing. D-E: Electricity, gas and water supply. F: Construction. G-U: Services

The remainder of this paper is structured as follows: Section 2, presents the
methodological approach, the examined driving forces and the developed decomposition
models. Section 3 gives some background information about the trends of CO, emissions
and their major driving forces at the EU-27 level. In Section 4 the obtained results are
presented and discussed, while some concluding remarks are included in Section 5.

2. Decomposition Analysis

Decomposition methods can be divided into two broad categories, namely Index
Decomposition Analysis (IDA) and Structural Decomposition Analysis (SDA). The former
relies on the use of indicators drawn usually from statistical databases and are the most
commonly use methods in energy and emissions analyses. The principal advantages of IDA
methods are their flexibility and data availability facilitating time-series analysis and cross-
country comparisons. On the other side, SDA exploits the greater detail offered by I-O
Tables to perform a deeper investigation of sectoral interlinkages within economic systems
(Hoekstra and Van der Bergh, 2003; Su and Ang, 2012).

The present paper is using one of the most widespread IDA methods, the Log Mean
Divisia Index method I (LMDI I) that was first introduced by Ang and Liu (2001). In
addition to its easy formulation combined with a robust theoretical foundation, other
advantages of LMDI I are (Ang, 2004; 2005): (a) the provision of complete results without
residual terms, (b) the fulfillment of the time reversal test, e.g. variations estimated between
periods O to ¢, and vice versa, are equal in absolute terms and (c) the effective handling of
zero values. We are using the additive LMDI I, which facilitates the presentation of results
in the familiar and easily comprehensible percentage form.

Namely, for an indicator V defined by means of n factors, x;, Xz,..., X,, and
assuming that for the period [0-t] its value changes from V’= x,°x’...x," to V'=x;'%2". . .Xy",
this change is decomposed as follows:

AV =V'=V*=AV, +AV,_ +---+AV

X)i

)
According to the additive LMDI I, the effect of the determinant factor x in Eq. (1) is

given by:
AV, = Y X () e/ x0))
1’ 2)

where AVy is the change in the aggregate caused by each determinant factor x and L(Vy,
V") is the weight function as defined in Ang, 2004:
L(Vijt Vi ) = (Vut -V )/(ln Vi—Inyy ) (3)

In our analysis we distinguish the following main drivers of CO, emissions:
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Output effect: Economic growth is certainly the most straightforward driver, since changes
in the level of production output are directly pulling emissions in the same direction.
Moreover, it is clear that economic growth is an overarching goal for all countries and that
the challenge is to combine growth with fewer emissions.
Thus, in periods of economic growth, all other drivers reflect changes that take place as a
result of spontaneous or policy oriented transformations at the economic, technological and
social level. The most important among these drivers that may enhance or counterbalance
emissions are:
Structural effect: The composition of the economic output is expected to influence
emissions, depending on the particular characteristics of each sector and specifically its
energy intensity. Thus, an increasing share of energy intensive sectors may push up
emissions, whereas shifts towards services are expected to reduce them.
Intensity effect: The intensity of using production factors -typically defined as the inverse
of resource productivity- reflects technological and organizational progress which is also
highly influencing the level of emissions. Thus, increasing energy productivity (or energy
efficiency) is expected to reduce emissions. Of course, relevant positive and negative effects
are more pronounced in energy -intensive sectors.
Mix effect: Different fuels and forms of energy contribute to carbon emissions to a different
extent, because of their different carbon content, while possibly also influencing energy
efficiency as they rely on different technologies.
Utility effect: Although the use of electricity in final demand sectors does not produce any
emissions, electricity is associated with carbon emissions depending on the energy mix used
in the generation process. Thus, the penetration of RES in the electricity sector is expected
to reduce the average emission factor attributed to electricity and the overall amount of CO,
emissions in the country.
Based on the above factors, CO, emissions, can be defined according to formula (4):

c=Yc, ZZP.%.%.%.%ZP.Zai ——
i ij i i i i 4

Where,

P is the output of the total economy, measured by the Gross Domestic Product (GDP) in

constant 2005 prices,

0; is the share of the Value Added (P;) of sector i in total output, P.

e; is the energy intensity of sector i, expressed by the ratio of energy consumption in the

sector i (E;) to its output, P;.

sij is the share of fuel j in total energy consumption of sector i, E;,

fj is the carbon emission factor of fuel j.

Hence, the total change over a time period [0-t], AC.,, is expressed as the sum of the

changes due to the following determinant factors:

the output effect (AP),

the structural effect (Aa),

the energy intensity effect (Ae),

the fuel mix effect (As), and

the utility effect (Af).
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AC, ,=C,—Cy=AP_ +Aa, ,+Ae o +As, , +Af (5)

Data on GDP and sectoral Value Added, as well as on energy consumption, fuel and
electricity mix at the sector and country level were collected from the Eurostat database.

3. Carbon emissions and their drivers in EU-27

Changes in the level of carbon emissions in EU-27 together with the trends of their
key drivers provides a first snapshot of the forces enhancing or delaying the processes
towards a sustainable economy. Although, significant differences exist among EU Member
States, the following facts and figures help understanding the results of the decomposition
analysis and the reasons of any deviations.

The first years of the 21* century have been marked by a rapid growth of the
European economy, which lasted until 2007, followed by a period of recession that is still
present in many countries. Fig. 1 shows for EU-27, the evolution of GDP and CO,
emissions, in relative terms. It can be seen that the EU as a whole has achieved to
disentangle economic growth from carbon emissions as a result of its continuous efforts to
combat climate change. It should be noted that EU has over-achieved its Kyoto
commitment, and is expected to successfully meet the target for 2020 of cutting CO,
emissions to 20% below 1990 levels.
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Figure 1:. Relative evolution of GDP and CO; emissions in EU-27.

There are clearly certain broad patterns of structural changes that are quite similar
across the Member States of the EU. As a result of globalization, economies turn to new
forms of competition, the international trade increases and new markets emerge. In these
circumstances, there are an increasing number of businesses relocating part or the whole of
their activities to other countries, offering lower costs, more favourable legislation and
better access to markets. In addition, many EU countries seem to move up the value chain
by adopting innovative production processes and increasingly shifting towards services. Fig.
2, shows the considerable expansion in broad service sectors recorded in EU 27.
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Figure 2: The distribution of GDP to major economic sectors in EU-27.

There are several signals of remarkable improvements in resources productivity. Fig.
3 shows in relative terms that energy intensity has decreased by 15% during the decade
2000-2010, denoting a significant improvement in the productivity of energy resources due
to technological progress and organizational reforms. It can also be seen that the financial
crisis seems to have negatively affected this progress.
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Figure 3: Relative evolution of energy intensity in EU-27.

Finally, the energy mix used in the economy and the electricity generation sector,
shows also a notable shift towards cleaner energy forms. As shown in Fig. 4, the
corresponding weighted average emission factors are steadily decreasing after 2003, mainly
because of the rapid deployment of RES in electricity generation and the uptake of (cleaner)
electricity and natural gas in total energy mix.
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Figure 4: Weighted average emission factors (Emf) of electricity and energy mix in EU-27.

1° Havelivio Zovédpro Owovopkng tov ductkmv [Topwv kat Tov IepiBdiiovtog:
Khpotikn AAloyn, Borog 26-27 Moptiov 2014
128



ENVECON 2014
ENVECON 2014

4. The results of the Decomposition Analysis

By implementing the model described in section 2, the change in CO; emissions in
each of the 25 EU countries and in EU-27, has been decomposed in its underlying driving
factors. The analysis has been performed for two distinct periods, namely 2000-2007 and
2007-2010 in order to detect any reversals due to economic recession (Fig. 5 and Fig. 6).
The order of countries in the subsequent figures follows the overall performance with
respect to the overall change in CO, emissions.

It can be seen that during the first period, 10 out of the 25 countries have
significantly increased their CO, emissions (especially countries in transition and countries
with a positive Kyoto target, like ES, EL, IE), whereas in the second period there were only
5 countries that increased their emissions, though to a much lower degree. Furthermore, the
range of performances in total emission changes is much larger in the first period (+40%),
and is reduced from +15% to -25%, in the second period, partially because of the smaller
time interval.

80%
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20%
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-20%
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Figure 5: Decomposition of changes in CO, emissions in EU countries, 2000-2007.

Comparing the decomposition results across the 25 EU countries, we observe that
most of them display similar patterns. They increased their GDP, a development which, if
not accompanied by other technological and/or structural changes would have led to a
corresponding increase in emissions. At the same time, the energy intensity effect is
strongly negative in all countries - except for Greece and Spain — driving down emissions.
The energy intensity improvement is stronger in eastern European countries (RO, CZ, SL,
HU, PL, SK) than in the western ones, which is expectable given the high energy intensity
of these countries, and is largely due to the efforts undertaken by these countries for the
modernisation of their production systems and the promotion of energy saving measures.
The other three factors play a rather minor role, with changes in the energy and electricity
mix mostly reducing emissions and structural effects presenting both types of effects: in
some countries, especially in eastern Europe they contribute to rising emissions as a result
of shifts from the primary sector to the more energy intensive manufacturing sector. In other
countries, their contribution is negative reflecting shifts towards services, but also an
increasing share of the construction sector, especially in Greece.
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The situation changes considerably after the economic crisis. The results of the
decomposition analysis shown in Fig. 6, indicate that in the new conditions, EU countries
have followed different patterns to comply with the climate targets.
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Figure 6: Decomposition of changes in CO, emissions in EU countries, 2007-2010.

First of all, in most countries, the drop of GDP pushed down emissions. Energy
intensity shows also a double effect: in some countries, it seems to worsen, indicating a less
efficient use of energy resources, whereas in other countries with either increasing or
decreasing GDP, it continues improving. The effect of structural shifts becomes more
apparent and pushes in most countries toward emission reduction, while changes in the
energy mix and utility effects appear to have now a more evident contribution to emission
reduction. The few exceptions shown in Fig. 6 (LT, LV, SE) are due to a relative decrease
of nuclear energy in electricity generation and/or an increase of solid fuels).

By separately investigating the calculated driving factors we obtain a better view on
the reasons behind the evolution of CO, emissions. Figure 7 shows the effect of economic
growth on the percentage change of emissions in the two periods, in parallel with the
economic level of each country. It is clearly discernible that the impact of the growth factor
is very important during the first period, whereas in the second period it is rather negligible
and in most countries negative. Furthermore, it can be seen that the positive impact is higher
in countries with lower GDP, indicating the urgent need to combine the right to
development with effective measures for sustainability.

Similar results can be drawn by examining the energy intensity effect, shown in Fig.
8. The impact is bigger in less developed eastern countries characterized by high energy
intensities, thus by inefficient use of energy. During the second period, the intensity effect
becomes less important in all countries, while it is worth noticing that in some highly
industrialized countries (NL, DE, FI, DK) there is even a positive effect denoting that in
times of economic recession, the productivity of resource use is deteriorating.
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Figure 7: The effect of economic growth on the changes of CO, emissions in EU countries
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Figure 8: The effect of energy intensity on the changes of CO, emissions in EU countries

The effect of structural changes are shown in Fig. 9. During the first period, EU
countries are clearly divided in two groups, the one comprising mostly the less developed
eastern countries, where shifts to industrial activities result in emission increases. The
second group is characterized by shifts towards less energy intensive sectors, mostly
services and construction. In the second period structural effects become generally less
important and in most cases contribute to emission reduction.

Finally, the effect of energy mix is shown in Fig. 10. It is clear that all EU countries
have undertaken significant efforts to promote cleaner fuels and RES in their energy mix,
that helped reduce CO, emissions, although this effect was smaller compared to other
driving factors. It is notable that with a few exceptions, the penetration of clean energy
forms was greater after the economic crisis, proving the gradual market maturity and the
increasing competitiveness of relevant technologies.
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Figure 9: The effect of structural shifts on the changes of CO, emissions in EU countries
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Figure 10: Relative effect of energy mix on the changes of CO, emissions in EU countries

5. Concluding remarks

Climate change is a major challenge for the global society. It becomes all the more
clear that the process of development of the world economy should follow a sustainable
path. The European Union played a leading role in past international agreements and
steadily promotes policies and measures aiming at a low carbon sustainable economy. Clean
energy technologies, in particular energy saving and exploitation of RES constitute the
cornerstone of the European policy to combat climate change.

Based on the idea that understanding the past can be a useful guide for the future,
our aim was to uncover the explanatory factors behind the evolution of CO, emissions in
each EU country during the period 2000-2010. To this purpose, a decomposition analysis
approach has been implemented by developing a decomposition model relying on the Log
Mean Divisia Index I method.

It was found that in times of prosperity, countries proceed to transformations and
technological improvements allowing for a more efficient use of resources. In fact, the
improved energy intensity was the main factor that restricted the rise in CO, emissions
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associated with the increased output. Nevertheless, the fuel mix in the economy and in the
electricity generation sector seems to play a minor role to emission reduction. The picture is
quite different during the economic recession, with energy intensity effect becoming less
evident or even contributing to emissions rise, while changes in the fuel mix appear as the
major driver to emission reduction. Finally, structural changes had a limited effect in both
periods, although the shift toward the service sector appears to contribute to emission
reduction, especially in the most developed EU countries.

It can be deduced that for successfully meeting the targets of sustainability for 2020,
the recovery of the European economies should be associated with greater efforts to further
improve energy productivity, especially in high energy-intensive sectors and in less
developed eastern EU countries. Moreover, it seems that there is enough room to carefully
design sectoral shifts towards a knowledge driven economy based on “smart” innovative
concepts and processes that can boost growth without environmental side-effects.
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Abstract

This paper aims to re-evaluate the prior research findings on the literature relating to
environmental management systems (EMSs) within the context of the financial crisis. The
research focuses on five core interrelated categories of EMS literature: driving forces,
environmental aspects, environmental performance, challenges and barriers and institutional
assistance. The findings indicate that even though the majority of the respondents agree that
the economic crisis may lead firms to be more reluctant to adopt EMS, nevertheless current
environmental legislation could counterbalance this trend and still promote EMS
implementation. Some of the respondents declared that the EMSs will help achieve
financial savings as well as additional benefits from an increase in the share market due to
newly-developing and promising international green markets. However, some of the
respondents view EMS adoption in the current economic crisis as additional costs which
could be minimized with the help of government.

Keywords: ISO 14001, SMEs, environmental regulations, sustainable development.

1. Introduction

Small and medium-sized enterprises (SMEs) comprise the majority of businesses
worldwide. Hillary (2004) observed that over 90% of the global business community
consists of SMEs and are responsible for over 70% of total environmental pollution.
Gadenne et al. (2009) explained that even though each SME, by size, are considered as
having low impacts on the natural environment, their total aggregate amount of pollution
impacts can be higher than the impacts of large firms. Specifically, the impacts of SMEs on
the natural environment relate to natural resources’ consumption (e.g. raw materials, water
use, and energy use) and damage to environmental quality (e.g. air pollution, wastewater,
solid waste).

To this end, various stakeholders recognise the potential contribution of SMEs to
economic development but also to environmental degradation. A representative example
can be taken from the financial world (e.g. the banking and insurance sectors) that has
recently introduced a range of environmental criteria into lending processes and insurance
contracts to minimise potential financial risks that could emerge from possible
environmental accidents or penalties from the non-compliance of SMEs with environmental
regulations (Weber et al., 2010). Further evidence is provided by the recent and promising
environmental consciousness of consumers that can be translated into purchasing choices in
favour of environmentally friendly products and services (Perez-Sanchez et al., 2003).
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In line with such requests, governments have instituted explicit environmental
policies to establish a consistent system of rights and obligations of the business community
to a high-quality natural environment. Literature classifies environmental policy into three
categories: command and control policies (e.g. air pollution legislation), market-based
policies (e.g. environmental taxes) and government assistance policies (e.g. technical and
educational assistance) (Tsireme et al., 2012). Such policies aim to modify the behavior of
firms from a conventional to a more environmentally friendly position while still
considering financial concerns (costs and benefits). Under these circumstances, some SMEs
adopt EMSs, reactively or proactively, to control their pollution. The literature on SMEs
and EMSs has recently emphasized some common research facets such as the driving forces
that play a crucial role in the decision of firms to adopt EMSs, the types of environmental
aspects addressed within EMSs, the level of environmental performance, the challenges and
barriers to adopting EMSs and, finally, the suitable institutional framework for encouraging
SME:s to adopt EMSs (Peters and Turner, 2004; Caska et al., 2004).

This paper aims to re-examine some of these research areas and the findings of
previous EMSs studies in the light of the harsh financial challenges of the contemporary
crisis. The critical point of this paper is the analysis of management attitudes in SMEs to a
variety of research topics such as the drivers of EMSs, the environmental aspects covered
by EMSs, the environmental performance of SMEs, the challenges and barriers to
implementing EMSs and the necessity of additional assistance for SMEs in adopting EMSs
under the conditions of economic crisis. Through a case study research methodology, an
analysis of current topics is conducted in a sample of EMS certified Greek SMEs.

The rest of the paper is classified into four sections. The second section includes the
literature review of EMS literature within the context of driving forces (why), EMSs
practices and aspects (how), performance (outcomes), challenges and barriers (costs and
benefits) and stakeholders’ involvement (institutional framework). The third section
analyzes the case study methodology that includes research structure, coding system,
sample selection and protocol development. The fourth section includes the results, while
the final section includes the conclusions and discussion (Studer ef al., 2006).

2. Background

Much of the literature of corporate environmental management has recently focused
on SMEs and EMSs (Biondiet al., 2000; Zobel, 2007). EMS is a management tool that is
voluntarily adopted by firms in their effort to respond to economic and environmental
challenges (win-win situation). The most well-known EMSs are ISO 14001 (under the
auspices of the United Nations) and EMAS (supported by the European Union). EMS
implementation also requires some standard and sequential steps such as the preparation of
an environmental policy, the implementation of environmental programmes, the auditing ,
and the management review (Zutshi and Sohal, 2004).

Some fundamental research topics on SMEs and EMSs have recently been published
in the current literature. The analysis of the literature highlights some fundamental and
interrelated research questions as follows: (a) Why do SMEs adopt EMSs? (b) How do
SMEs implement EMSs? (c) What are the environmental outcomes of SMEs? (d) What are
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the challenges of and barriers to adopting EMSs for SMEs ? And (e) What institutional
incentives are needed to encourage SMEs to adopt EMSs?

Current studies explore the key driving forces behind SMEs voluntarily adoption of
EMSs. Various factors affect the decisions of SMEs to adopt EMSs. Some important drivers
fall into two groups, state-regulated and self-regulated incentives. The former category
consists of “command and control” (CAC) and “market-based” (MB) instruments that are
instituted by governments either to encourage or indirectly pressure SMEs to participate in
formal EMS certification programs (Bianchi and Noci, 1998; Wlliamson et al., 2006). The
latter category considers the voluntary adoption of EMSs by SMEs either as result of
potential financial earnings or the ethical priorities of managers to protect natural resources
(McKeiver and Gadenne, 2005; Studer et al., 2006). Others explained such voluntary
environmental strategies of SMEs as an effect of stakeholder pressure (Gadenne et al.,
2009). Miles et al. (1999) stated that formal EMSs (e.g. ISO 14001) improve corporate
profile and facilitate cooperation with regulators, green consumers, employees and Non-
Governmental Organizations (NGOs).

Regardless of the state— or self-regulated origin of drivers, they primarily affect the
decision of SMEs to adopt a range of alternative environmental management practices. The
important question here is how SMEs respond to the targets within an EMS context? The
response to such question requires a clear definition of environmental management
practices. Montabon et al. (2007) defined environmental management practices as ‘“the
techniques, policies and procedures a firm uses that are specifically aimed at monitoring
and controlling the impact of its operations on the natural environment” (p. 998). Some
further environmental management practices could make the concept clearer such as (a) the
multiple— or single—based emphasis (e.g. only water management or multiple environmental
facets), and (b) the formal or informal character. Formal environmental management
practices are those certified by national and international organizations (e.g. ISO 14001 and
EMAS), while informal environmental management practices are voluntarily adopted (e.g.
green purchasing and cleaner technologies) in the absence of a formal third party
certification body (Shaper, 2002; S-Yol Lee, 2008).

The successful implementation of environmental management practices is mainly
tested through performance measurements for a range of environmental targets (Kerr,
2006). Montabon et al. (2007) analyzed such targets in energy, solid waste management,
wastewater and air pollution. According to Rondinelli and Vastag (2000), wastewater
treatment, water conservations, solid waste management, chemical auditing, air emissions
control, storm water pollution prevention, spill prevention, and countermeasure plans are
successfully addressed with the implementation of formal EMSs. However, Lefebvre et al.
(2003) considered that environmental performance should be measured in different levels
hence they proposed three types of indicators for measuring the environmental concerns of
SME:s: product life cycle, operation level, and R&D.

However, in their effort to voluntarily adopt EMSs, SMEs have faced either barriers
or challenges. Hodgson (1995) showed that some crucial barriers are limited financial
resources and the lack of sufficient environmentally trained staff. Hillary (1995) supported
that the perception of managers for minimal impacts of SMEs on the natural environment
have deterred SMEs from adopting integrated environmental management programs. Some
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other barriers are a lack of time and technical knowledge and bureaucracy related to
environmental issues (Revell and Rutherfoord, 2003). On the other side, Miles et al. (1999)
supported that the implementation of ISO 14001 environmental standards is expected to
offer various benefits to SMEs such as a better profile, insurance contracts cost cutting and
acceptance within the market.

Finally, an important part of literature examined the role of local authorities in
supporting the efforts of SMEs to protect the natural environment. Combault and Versteege
(1999) focused on how local authorities can assist SMEs in eliminating their environmental
impacts. Similarly, Clement and Hansen (2003) identified that various types of financial
assistance are offered by European governments to facilitate SMEs in adopting
environmental management practices. According to Bradford and Fraser (2008), local
authorities could support energy strategies through a range of measures such as energy price
increasing, suitable information programs for energy savings, financial incentives and
essential energy standards. Peters and Turner (2004) also presented the significant role of
local authorities in assisting SMEs in improving their environmental performance.
Similarly, von Malborg (2007) explored the role of local authorities in promoting learning
and innovation in issues related to environmental management.

3. Method
3.1 Research questions

This research aims to re-examine some key research topics and findings arising from
previous studies of environmental management systems (EMSs) and SMEs through the
view of the current economic crisis. The research structure is illustrated in Figure 1. The
main research components of the research are: a) the driving forces (financial benefits and
moral commitments) that affect the decision of SMEs to adopt ISO 14001, b) the barriers
and challenges for SMEs in adopting formal EMSs, c) the types of management practices
which SMEs implement in the context of EMSs, d) the level of the performance for each
environmental aspect (e.g. energy and water use), e) the potential assistance for SMEs in
maintaining EMSs under the context of the economic crisis.

Financial benefits Barriers and Challenges -~ Environmental
Performance

\

\ 4

ISO 14001 -
Implementation [~

¥

Moral commitments Environmental Public Authorities
Management Practices Assistance

\A 4

Figure 1: Research structure

Some important and interrelated questions to be addressed in this paper are as
follows:
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What are the drivers that play a critical role in the decision of SMEs in maintaining EMSs

in the event of a financial crisis?

What are the practices and environmental aspects that are covered by EMSs in a financial

crisis?

What is the level of environmental performance of SMEs in a financial crisis?

What are the barriers and challenges for SMEs in maintaining EMSs in the financial crisis?
Are public authority tools essential to encourage SMEs to maintain EMSs?

3.2 Methodology

This research is based on the case study research methodology. It is considered an
appropriate methodology for testing research questions and examining scientific fields
where current knowledge is very limited. Case study research assists in developing
“empirical enquiry that investigates a contemporary phenomenon within its real-life
context, especially when the boundaries between phenomenon and context are not clearly
evident” (Yin, 1994: 13). Eisenhardt and Graebner (2007) supported that case study
research methods utilize qualitative information in order to build a more comprehensive
research.

3.3 Protocol development

The protocol includes 36 questions classified into five sections. The first section
explores a range of key drivers that could play a crucial role in the decision of SMEs in
maintaining ISO 14001. For example, some interesting questions of this section are the
request of financial stakeholders with regards to corporate environmental protection, the
requirements of environmental legislation for SMEs regarding pollution prevention and the
increasing requirement of suppliers for environmental management practices. Such
questions stem from recent well-known pressure from the banking and insurance sectors
that require information about corporate environmental performance in order to moderate
potential financial failures associated with possible environmental accidents as well as
relevant requirements of green procurement and purchasing.

The second section addresses questions on environmental management practices in
the context of ISO 14001. Six questions seek to identify the intentions of firms about the
types of environmental management practices maintained within the context of the current
financial crisis. To this end, energy, solid waste management, reuse and recycling, and
water consumption are examined. In the third section, various questions on SMEs’
environmental performance are examined such as the level of energy savings, the level of
recycling, the amount of wastewater treated, and the number of accidents which have taken
place in the past.

The fourth section examines the potential barriers and challenges to SMEs of
maintaining ISO 14001 under the current economic crisis. Some indicative questions are
whether the improvement of staff skills and working conditions through ISO 14001 are
good reasons for maintaining it. Cost savings and customer satisfaction could be crucial
motivations for maintaining ISO 14001. Also, whether operational costs of ISO 14001 and
bureaucracy are significant barriers for maintaining ISO 14001 will be addressed The final
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section examines the additional assistance that is necessary for SMEs to maintain ISO
14001.

3.4 Coding System

Data analysis was based on the coding system stemming from the work of Pagell
and Wu (2009). This system is a rigorous way to assess data and an important technique to
reduce the high amount of data that usually arises from case study research. Here, this
system assists in identifying the extent to which various factors might affect the decisions of
SMEs to maintain ISO 14001 under the current economic crisis. Table I describes the
meaning of the basic symbols of the coding system.
Table 1: Description of Symbols

Symbol  Description

Y Yes, this factor is important
N No, this factor is unimportant
L Limited importantance of this factor

3.5 Data collection

The questionnaire was distributed to the senior management and the member of staff
responsible for environmental issues. The sample contains eight SMEs certified by 1SO
14001 located in Northern Greece and operating in various industrial sectors such as
mattresses and furniture, metal construction, aluminum, abrasive products, flexible
packaging, environmental systems, pulp and paper, and plastic.

Table 2 also shows the characteristics of respondents. 80% of the sample was men and 20%
women. The age of respondents ranges from 30 to 55 years old.

Table 2: Age of respondents

Age Respondents %
27-30 3 37.5
31-40 2 25
41-50 2 25
51-55 1 12.5
Total 8 100

4. Analysis of results
4.1 The drivers that play a critical role in the decision of SMEs to maintain EMSs

Table 3 illustrates the significance of various driving forces for the firm sampled.
Findings show that the majority of sampled firms considered pressure from stakeholders
(e.g. consumers and government) less important for maintaining EMSs in the future. The
respondents supported that environmental regulation remains a significant driving force for
maintaining EMSs. Suppliers’ pressure, corporate profile and local license to operate could
also be good incentives for some firms sampled. All the firms considered attracting
employees as a less important incentive.
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Table 3: Driving forces for maintaining EMSs
Questions The answers of respondents

Fq F, F3 F,4 Fs Fe F; Fs
1 N N N N N N N Y
2 N Y N N Y Y Y Y
3 N Y N Y Y Y N Y
4 N Y N N Y Y N Y
5 N L L L L L N N
6 N N N N N N N N
7 N N L L L N Y L

"Appendix A, ﬂAppendix B

4.2 The practices and environmental aspects covered by EMSs

Table 4 indicates environmental management practices which managers are willing
to maintain in the economic crisis such as energy savings, solid waste reduction, reuse of
materials, water use savings, air pollution control, and environmental education of
employees.

Many of the respondents intend to maintain energy strategies. The majority declared
that low energy light labs could be a good strategy. Only two respondents considered future
energy conservation very important while three respondents aimed to install metal frames
for insulation. Others aim to change older air-conditions with new inverter technology.
Metallic construction firms plan to meet over of 30% of energy needs from renewable
energy sources.

Table 4: Environmental management practices implementation through EMSs

Questions The answers of respondents’

F, F, F; F, | Fs F; Fs
8 L Y Y L L N L L
9 Y Y Y L L N Y L
10 Y Y Y L Y L Y Y
11 N Y Y L N Y N L
12 L L Y L N N Y N
13 Y Y Y Y Y Y Y Y

"Appendix A, ﬂAppendix B

Some respondents aim to maintain techniques for water savings, while others are
reluctant to implement any technique for water conservation due to limited impacts on
water resources. A limited number of respondents intend to adopt sprinkler timers for
watering green spaces. In particular, a firm in the ‘environmental services’ sector aims to
maintain present innovative water conservation technique which assists in reusing water
from production procedures. The firm in ‘metallic sector’ plans to complete investment in a
waste water utility treatment with capacity to process over 80% of polluting water
resources.
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The majority of respondents intend to maintain some of the current air emission
control practices, while others explained their reluctance to maintain as a result of the low
air pollution impacts of their operations. Firms in the ‘metallic and abrasive sector’ plan to
carry out regular maintenance on their boilers. Firms in the packaging sector intend to
maintain the current system for recovering solvent vapors which result in 90% reuse. A firm
in the aluminum sector aims to organize production process so that raw materials will not
include CFCs and HCFCs. Finally, all respondents will continue with financial training
programs for the environmental education of their employees.

4.3 The level of environmental performance of SMEs
Table 5 illustrates a range of environmental performance issues.

Table 5: Environmental performance issues

Questions* The answers of respondents**
Fq F; F;3 F4 Fs Fe F; Fg
14 N Y Y L N N A O
15 L L N L Y L L Y
16 N N N N N Y N N
17 N N N N N N N N

"Appendix A, ﬂAppendix B

Only two respondents have provided specific information about energy
performance. A firm metallic and one in window frame sector achieved 25% and 30%
energy savings respectively on an annual basis, and they plan to improve these targets in the
future. Despite the fact that firms in the ‘furniture and abrasive sectors’ stated that energy
conservation figures reached 15% and 6% respectively, the consequences of the economic
crisis will play a critical role in maintaining current energy conservation efforts.

Regarding recycling practices, a firm in the ‘window frame sector’ has achieved a
rate of 20% in paper recycling and 90% for raw materials recycling. However, the majority
of respondents intend to implement recycling practices mainly for paper. For wastewater
recycling, some respondents declared low impacts and thus are not intending to invest in
specific treatment practices. A firm in ‘metallic sector’ aims to maintain the current practice
of treating 90% of wastewater, while a firm in the furniture sector has set a target of 100%
of wastewater treatment in the near future. Finally, it is worth noting that all firms have had
no environmental accidents.

4.4 The barriers and challenges for SMEs in maintaining EMSs
Table 6 shows the barriers and challenges for EMS adoption in the economic crisis.

Respondents declared improvements in the health and safety of working conditions.
Three respondents have achieved cost savings from energy and waste production strategies,
while the others stated that the relationship between environmental management practices
and financial performance is unclear. Some of the respondents intend to interrupt some of
their recent environmental management programs practices as a result of indistinct benefits
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and the effects of the economic crisis. Many of respondents observed a progress in the
dialogue with their employees, while two did not identify any such improvement.

Despite the majority of respondents not identifying an increase in their market share,
they recognized a degree of satisfaction from existing customers. Two respondents noticed
a slight increase in their exports. It should be highlighted that all respondents noted the
improvement in employee performance after the implementing of environmental
management practices.

Finally, respondents considered the cost of the implementation and maintenance of
ISO 14001 in the midst of an economic crisis to be an important barrier. The majority of
respondents considered that bureaucracy would also hinder maintaining ISO 14001 in the
future. Conversely, two firms — one in the furniture and one in the environmental services
sectors - considered that bureaucracy is not a barrier for maintaining ISO 14001.

Table 6: Challenges and barriers from EMSs adoption
Questions* The answers of respondents*

*

F, F; F; F4 Fs Fs F, Fs
Challenges
18 Y Y Y Y Y Y Y Y
19 L Y Y A Y L L L
20 Y Y Y Y Y Y N N
21 L Y L L L Y N N
22 Y Y Y Y Y Y Y Y
23 Y Y Y Y Y Y Y Y
24 Y Y Y Y Y Y Y Y
25 N L Y L Y Y Y L
26 N N N N N L N N
Barriers
27 Y Y Y Y L L Y Y
28 N N N N L N N N
29 Y Y Y Y Y N N Y
30 N L N N N N N N
31 N N L L L N N N
32 N N N N A N N N

*Appendix A, **Appendix B
Public authorities tools essential for encouraging SMEs to maintain EMSs
Table 7 shows types of external assistance suitable for encouraging firms to
maintain existing environmental practices.
Table 7: Public assistance

Questions \ The answers of respondents
Fq F, F; F4 Fs F¢ F; Fg
33 N Y Y Y Y Y Y Y
34 Y Y Y Y Y N Y Y
35 Y Y L L L Y Y Y
36 Y Y Y Y Y Y L Y

"Appendix A, Appendix B
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The vast majority of respondents considered that subsidies are good incentives for

supporting present environmental practices in the future. Conversely, a firm in the window

frames sector stated that subsidies do not play a critical role in continuing its environmental

programs. Some respondents judged that technical assistance from public authorities could
be necessary in the future.

5. Conclusions

This paper aims to contribute to current literature by re-examining some common
research questions of corporate environmental management literature under the current
economic crisis. For the first research question, findings show that the most important
driving force is environmental legislation, critical for respondents in order to maintain
EMSs. This is in line with the findings of many of the present studies that indicate a positive
relationship between environmental legislation and managers’ decisions to implement
environmental management practices (Zorpas, 2009). Another critical factor that influences
SMEs to maintain environmental management practices is the improvement in their image
and their relations with local communities. Corresponding findings emerge from Zutshi and
Sohal’s (2002) work that indicate improved relations of firms with local communities could
represent a good stimulus for SMEs to adopt environmental management practices.

Even though there is no clear answer from respondents for the second research
question, there are nevertheless some shared insights. The majority of respondents intend to
adopt energy management practices, a fact that is confirmed by the work of Chan and Li
(2001), who claimed that SMEs considered EMS adoption “as a promotional tool and as an
energy— and resource—saving measure” (p. 593). Additionally, many respondents
considered the increase in their market share and the identification of new niche markets as
a very important stimulus for maintaining EMSs.  However, the majority of respondents
raised significant doubts about having the financial means to support EMS processes due to
the impact of the financial crisis.

For the fourth research question regarding environmental performance, the majority
of respondents were willing to continue with current levels of recycling and wastewater
treatment targets. Lee (2009) identified relevant findings in his investigation in South Korea
where a range of wastewater management practices were adopted to reduce wastewater
production and remove the glue components from their products of firms examined. Finally,
the majority of respondents considered government subsidies very promising tools for
maintaining EMSs, a fact confirmed by Chen ef al. (2003) who identified that the lack of
governmental financial support could play a critical role in maintaining EMSs.
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Appendix A

First Section: Driving forces

Stakeholders’ pressures

Environmental legislation

Competitive advantage

Local community acceptance

Greening supply chain

Attracting employees

Environmental management commitments

econd section: Environmental Aspects
Do you implement energy strategies?
Do you implement solid waste management?
0 Do you implement strategies for reuse of materials?

— O 0NN DN KW N~
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11 Do you implement water saving strategies?

12 Do you implement air pollution control strategies?
13 Do you implement environmental training programs?

Third section: environmental performance (%)
14 Energy savings

15 Recycle materials

16  Wastewater treatment (in tonnes)

17  Environmental accidents

Four Section: challenges and barriers

A. Challenges

18  Improved working conditions

19  Cost savings

20  Better dialogue with employees

21  Increase share market

22 Improved educational quality

23 New environmentally friendly products

24 Better environmental awareness of employees
25 Competitive advantage

26  Improved image

B. Barriers

27  High cost of what?

28  Lack of expertise

29  High levels of bureaucracy

30 Additional administration responsibilities

31  Lack of motivation amongst employees

32 Resistance of employees to new innovations

Fifth Section: Public assistance
33 Subsidies

34 Less bureaucracy

35 Technical assistance
36 Information assistance

Appendix B
Symbols  Description
F, Furniture company
F, Metallic construction company
F; Aluminum windows frames
company
F, Abrasive company
Fs Packaging company
Fs Environmental services company
F; Wood company
Fg Plastic company
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ABSTRACT

This paper analyzes the role of experiments in learning the dynamics of greenhouse gases
(GHGs) and climate change. In a framework of repeated feedback, the effect of the rate of
CO2 absorption by the atmosphere and the stochastic nature of climate change and
economic systems is analyzed, using a Dynamic Climate Change Simulator with Stochastic
and Irreversible Climate Change (DCCS-SICC). DCCS-SICC is a simplification of the
complex climate system into its essential elements of man-made CO2 emissions, CO2
concentration, and natural CO2 absorption in the atmosphere, with business cycle shocks
and climate change tipping points. Participants' ability to control CO2 concentration to a
goal level is analyzed and insights are provided about how learning about the dynamics of
the Earth's climate can be assisted.

Keywords: Complex adaptive systems; repeated feedback; climate change;
dynamic Learning.

JEL Classification: Q54; C91; D83.

1. Introduction

The global climate system is complex and its response to future anthropogenic
GHGs, climate change adaptation, is often poorly understood. Climate change adaptation is
an area where modeling in the framework of complex adaptive systems could improve our
knowledge both with respect to the internal structure and adaptive mechanisms of climate
and our capacity for designing efficient climate adaptation policies. Modeling of these
systems includes a dynamic system consisting of transition equations describing the
evolution of state variables characterizing the natural system, such as CO2 concentrations in
the upper and lower atmosphere and in the oceans, and state variables characterizing the
economic systems, such as physical capital and knowledge. The complex adaptive character
of the system implies that the dynamical system will be nonlinear and nonconvex to allow
for nonlinear feedbacks and multiple basins of attraction, will evolve both in the temporal
and spatial dimension, and will be influenced by forward looking optimizing economic
agents (Xepapadeas, 2010).

Moreover, any rational policy choice must consider the great uncertainty about the
magnitude and timing of climate change's impact on economic productivity. (Cai et al.,
2013). The majority of the literature, including the recent U.S. Government Interagency
Working Group on the Social Cost of Carbon (IWG, 2013) does not model the stochastic
nature of the climate and economic systems. Recent work, such as that of Cai et al. (2013)
has developed a dynamic stochastic model that incorporates the mutual interplay between
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climate and economics, employing a stochastic business cycle at the annual time scale and a
stochastic climate tipping point system. Lenton and Ciscar (2013) describe examples of
tipping points for some major elements of the climate system: abrupt loss of Arctic summer
sea-ice, irreversible meltdown of the Greenland ice sheet (GIS), disintegration of the West
Antarctic ice sheet (WAIS), reorganization of the Atlantic thermohaline circulation (THC),
increased amplitude of the El Nifio Southern Oscillation (ENSO), disruption of the Indian
summer monsoon (ISM), collapse of the West African monsoon (WAM), dieback of the
Amazon rainforest, and dieback of boreal forests.

However, the realistic representation of climate change and economic dynamics
using complex adaptive systems comes at a cost. Climate change is a complex dynamic
system with important challenges for its perception and understanding from policymakers
and the general public (Bostrom et al,, 1994; Moxnes and Saysel, 2009; Reynolds et al.
2010). Empirical observations suggest that individual agents do not understand
accumulation processes (the transition equations describing the evolution of state variables)
even in simple dynamic systems that include a single state and a single control variable
(Cronin and Gonzalez, 2007; Cronin et al., 2009; Dutt and Gonzalez, 2012; Sterman and
Sweeney 2002; Sterman and Sweeney 2007). Moreover, Cronin et al. (2009) have shown
that even individuals with a strong background in mathematics and sciences fail to interpret
the basic principle of dynamic systems, that a stock (state variable) rises when the inflow
rate exceeds the outflow rate.

In the present paper, first a simplified dynamic programming model is developed
built upon prior studies (Cai et al., 2013; Cai et al., 2012; Nordhaus, 2008) that models a
stochastic business cycle at annual time scale and a stochastic and irreversible climate
change tipping point. The dynamic programming model is then utilized to build an
interactive and dynamic stock-management simulation, based on the DCCS model (Dutt
and Gonzalez, 2012) that incorporates both a business cycle shock and a stochastic and
irreversible climate change tipping point, the Dynamic Climate Change Simulator with
Stochastic and Irreversible Climate Change (DCCS-SICC). DCCS-SICC is employed to
investigate individual agent's ability to control CO2 concentration in the atmosphere to a
goal level under different scenarios. The main objective of the paper is to investigate why
individuals exhibit poor control over the dynamic systems in the context of climate change,
and to provide suggestions about how these problems can be resolved.

The rest of the paper is organized as follows: Section 2 presents a simplified
dynamic model of the earth’s climate, Section 3 presents the Dynamic climate change
simulator with stochastic and irreversible climate change (DCCS-SICC), Section 4 presents
the experimental design, Section 5 presents the results of the experiment and the final
section concludes.

2. Model specification

For the purpose of the present study, we employ a simplified version of DSICE (Cai
et al., 2012), a dynamic stochastic general equilibrium model integrating climate and the
economy. DSICE is a version of DICE 2007 (Nordhaus 2010) with a flexible time-period
length. DSICE incorporates both uncertainty about the future state of climate and the
economy.
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Let M, describe carbon concentrations in the atmosphere. These concentrations
evolve over time according to
df T
M, ="M +(3) .

where, Ju is the pre-industrial equilibrium state of the carbon cycle system. The

anthropogenic sources of carbon are represented by & Temperature in the atmosphere,
-AT

i evolves dynamically according to
=V (L F M5
2)

where ¥'is the heat diffusion process and =1is a climate sensitivity parameter. Atmospheric
- EX
temperature is affected by external forcing F and by the interaction between radiation and

atmospheric CO2, implying the total radiative forcing is

F(M )=/ 1og (MY (M3+ £~ 5

The impact of global warning on the economy is reflected by a convex damage function of
temperature in the atmosphere, as in DICE 2007, that includes the possibility of a climate
shock (tipping point) to account for the threat of abrupt and irreversible climate change.
Each climate shock occurs at a random time. The stochastic damage factor is given by

1-J, )

QT J)=
( t) 1+7Z_T;AT+7Z_2(T;AT)2

where the denominator represents the standard damage function from DICE 2007 and J, is
a discrete Markov chain with nondecreasing values over time, with /. =0 in the pre-tipping

regime (stage 1) and 0<"f' <1 in all subsequent stages of the post-tipping regime. /. is the
persistent climate damage state representing the irreversible nature of the tipping point (see
Cai et al. 2013 for more).

The capital stock Igtransits to the next period according to

K, =00 3k + y(k TV o/, J)0g (5)

where ¥# denotes the stochastic production function and includes the damage resulting from
global warming as well as both an economic shock and a climate shock:

3R g G = (=0, AR ),

where & is a discrete-time bounded mean-reverting continuous productivity shock

. . . . > (=5 s
representing economic fluctuations and its transition function is Gi1=8 (€oe) where *
is an 1.i.d. random process. The economic shock and the climate shock are independent.

1° Havelivio Zovédpro Owovopkng tov ductkmv [Topwv kat Tov IepiBdiiovtog:
Khpotikn AAloyn, Borog 26-27 Moptiov 2014
149



ENVECON 2014 I g

Stochastic and irreversible climate change is modeled as a low-probability and low-impact
event and business cycle shocks are moderate and bounded.

Given the stochastic production function, annual total carbon emissions are
stochastic and given by

& (kf s, ?(;.r) =a, (l — }CfA{k;"lf' r + E_;’.a:m‘

(7
E{La.rll'
where o is the carbon intensity of output, L is the fraction of mitigated emission and
is an exogenous rate of emissions from biological processes.
The standard separable utility function in the finite-horizon DICE2007 is
e i "

w(e, )= (17)3

—y @®)

where ¢; is consumption and I; is total labor supply. It is assumed that a social planner
maximizes the present-discounted utility stream up to a terminal time T.
The dynamic programming formulation of the model is:

Voik g, T8, JJy=max_

/
® ' '“E““
n(c,,If)+1Dj XEEaﬂMVM(#:M T Y
S.t

K =0 Sk + y (kT ¢/, DG
M ="M+ 3]

T =vA" +({ FMY
=", 1)

©)

S =g LT, 1)

for 1=0,1,...,100. In the model, consumption ¢ and emission control u are the two control
variables, (k, M, T, & J) is an 8-dimensional state vector at ¢ and (k',M",T", ', J') is its
next-year state vector (Cai et al., 2013). The model is further simplified in the experimental
design section (Section 4).

3. Dynamic climate change simulator with stochastic and irreversible climate change
(DCCS-SICO)

The dynamic programming model was then translated into a simulation user
interface, which can be controlled by individual agents, the dynamic climate change
simulator with stochastic and irreversible climate change (DCCS-SICC). The DCCS-SICC
was built on the DCCS climate change simulation of Dutt and Gonzalez (2012) and was
based on previous work by Gonzalez and Dutt (2011) and Moxnes and Saysel (2009). The
user interface presents a single state variable (CO2 concentration in the atmosphere), two
sliders for controlling the levels of CO2 emissions from fossil fuel and from deforestation,
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and a graph depicting the accumulation of CO2 in the atmosphere over time. This simple
climate change model was calibrated between years 2000 and 2100 with projections given
by two different and extreme emission scenarios from the 2001 IPCC report. Furthermore,
the Integrated Science Assessment Model (ISAM) was employed to predict CO2
concentrations in the atmosphere under two emission scenarios. The model calibration
parameters are derived from Dutt and Gonzalez (2012). The participants’ aim is to maintain
the CO2 concentration within the range of 923-953

GtC, which appear on the screen. Participants are asked to achieve the minimum
value of the range at the shortest time possible and maintain the CO2 concentration level
within the range for the longest time possible. The model was calibrated using two emission
scenarios: the “optimistic” and “pessimistic” scenario based on the 2001 IPCC report
(Houghton et al, 2001). For details of the basic model calibration, refer to Dutt and
Gonzalez (2012).

To avoid extreme emissions policies values of CO2 emissions from fossil fuel and
deforestation, they are restricted to realistic emission policies. Total CO2 emissions are the
sum of CO2 emissions from fossil fuel and CO2 emissions from deforestation. After
participants enter their emission values and click OK the simulation moves forward by two
years. During the two years emissions are maintained at the same constant values as initially
entered. This procedure is similar to establishing an emission policy that is kept constant for
a preset number of years. After the two years, participants are allowed to alter the emissions
values based upon current and past CO2 concentration levels. This repeated decision-
feedback procedure starts at year 2000 and continues for a total of fifty periods, until the
final year (2100) is reached.

4. Experimental design

Participants were randomly assigned to one of four treatments: 1) slow-no shock,
where the rate of CO2 absorption is 1.2% per year; 2) rapid-no shock, where the rate of
CO2 absorption is 1.6% per year, 3) slow- business cycle shock, where the rate of CO2
absorption is 1.2% per year and there is a moderate and bounded shock causing a temporary
reduction in CO2 emissions in year 2030; 4) rapid- climate tipping event, where the rate of
CO2 absorption is initially 1.6% per year and decreases to 1.2% per year in the last 20 years
(after year 2080), due to irreversible climate change that reduces the natural environment’s
absorption rate.

Participants’ goal under all four treatments was to maintain the CO2 Concentration
in the Atmosphere within a +/-15 GtC range of the 938 GtC target value. The value of the
CO2 target value was intentionally set above the 2000 CO2 concentration of 769 GtC so
that the goal is attainable in real-world scenarios. The DCCS-SICC started in year 2000
with an initial CO2 concentration in the atmosphere of 769 GtC, which is the real world
value for that year (Houghton et al., 2001). The goal used in the experiment corresponds to
the IPCC’s “best-case” scenario. It is necessary to make the goal realistically achievable and
to account for the practical inability to drastically reduce emissions (Dutt and Gonzalez,
2012).

Thirty-eight undergraduate and graduate students participated in the experiment. Ten
participants were randomly assigned to each of treatments one and two and nine participants
were randomly assigned to each of treatments three and four. All participants received a

1° Havelivio Zovédpro Owovopkng tov ducikmv [Topwv kat Tov IeptBdiiovtoc:
Khpotwikn AAloyn, Borog 26-27 Moptiov 2014
151



ENVECON 2014

ENVECON 2014
bonus point (10% of total course grade), in one course, and an additional bonus point based
on their performance in the simulation.

Participants were given instructions before starting the DCCS-SICC. After
participants read the instructions and questions were answered, an instructional video was
presented that showed what would happen in DCCS-SICC if the status-quo emissions levels
were maintained for the duration of the simulation, as well as instructions on the user
interface of the DCCS-SICC. The instructional video was based on treatment one, for all
participants, and participants did not interact with the simulation. In addition, participants
were unaware of which treatment they were playing.

After the instructions, participants were asked to play the DCCS-SICC for 50
decision points over the course of 100 years.

5. Results
5.1 Discrepancy from goal

Participants were generally not performing optimally (Fig. 1), given that the average
absolute discrepancy (the absolute discrepancy averaged over all participants and decision
points in a condition) was greater than the optimal (“Optimal” is the horizontal line
representing the goal value of 938 GtC), in all four treatments. Shapiro-Wilk and Shapiro-
Francia W tests failed to reject the null hypothesis of non-normal distributions, in all four
treatments. Thus, the distribution of absolute discrepancies in all four treatments is
considered non-normal. Furthermore, a nonparametric Kruskal-Wallis test reported that the
effect of the different treatments on the absolute value of the discrepancy was significant
(H(3)=11.198, p<0.1).

As is evident, the average absolute discrepancy of CO2 concentration in the
atmosphere was greater when climate dynamics were slow compared to when they were
rapid. This is consistent with the literature (Dutt and Gonzalez, 2012) and confirms the
hypothesis that participants’ control of CO2 concentration in the atmosphere was poorer
when the climate dynamics were slow compared to when they were rapid. Furthermore, the
absolute discrepancy is greater for the two tipping point scenarios: the business cycle shock
and the irreversible climate shock. Of the two tipping point scenarios, the climate shock
presents the highest absolute discrepancy, where participants’ control is the poorest.

5.2 Learning effects

In all four treatments, the average absolute discrepancy changed significantly over
the 50 decision points according to a nonparametric Friedman’s ANOVA test (chi-squared
(49)=315.88, p<0.01; each point in each condition is averaged over all participants in that
condition (Dutt and Gonzalez, 2012)). The average absolute discrepancy over the entire
time period is presented in Fig. 2. These results suggest that the repeated feedback in
DCCS-SICC enabled participants to learn about the dynamics of simulated climate change
in all treatments, more so in the slow-no shock and rapid-climate tipping event treatments.
The results also demonstrate the DCCS-SICC as a tool to help participants learn how to
stabilize CO2 concentrations.
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Figure 1: Average Absolute Discrepancy from goal and 90% CI (Treatments: 1) slow-no
shock, 2) rapid-no shock, 3) slow- business cycle shock, 4) rapid- climate tipping event)

5.3 Time to reach goal and stabilization in goal range

The time it took participants to reach the goal range for the first time and the number
of time periods they controlled CO2 concentrations within the goal range were next
analyzed (Table 1). Results suggest that there is no significant difference in the year the
goal range was reached (Mean=2026), however the number of time periods participants
were able to stabilize within the goal range differs between treatments. More specifically,
the mean time periods in the first treatment (slow-no shock) was 6.9 years (SD=1.28), in the
second treatment (rapid-no shock) was 8.8 years (SD=1.68), in the third treatment (slow-
business cycle shock) was 10 years (SD=1.58) and in the fourth treatment (rapid- climate
tipping event) was 4.55 years (SD=2.78). These results suggest that control of climate
change is driven by both rate of CO2 absorption and by tipping events. Furthermore, using
Dutt and Gonzalez’s (2012) definition of “stabilizing at the goal” as the maintenance within
the goal range for eight consecutive time periods after they initially came within the goal
range would suggest that only the rapid-no shock and slow-business cycle shock treatments
achieved stabilization at the goal.

Table 1. Reaching and stabilizing within the goal range

Treatment Time to goal Periods in goal range
slow-no shock 2026.10 .90
rapid-no shock 2028.70 5.80
slow-business cycle shock 2025.44 10.00
rapid-climate tipping event 2026.11 4.55
Average 2026.63 7.7
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Figure 2: Average absolute discrepancy in CO2 concentration in the atmosphere in the four
treatments over 100 years.

5.4 Emissions decision rules

The paper proceeds by analyzing the decision rule used to determine CO2
emissions: CO2 emissions are a function of CO2 concentration and CO2 absorption. Three
regression models are employed, following Dutt and Gonzalez (2012), to predict fossil fuel,
deforestation and total CO2 emissions in participants’ decision-making strategies. The
average of the 50 decision points for each participant is employed, resulting in 38
observations. The equations employed in the three models are:

Model 1: Fossil fuel emissions

FFE= @, + @D+ @A+ @Ratio+ @R+ ®CD+&Tipp+X

(10)
where
FFE Fossil fuel CO2 emissions
D Discrepancy from Goal
A CO2 concentration
Ratio Ratio of fossil-fuel emissions to Total emissions
R CO2 absorption
CD Climate Dynamics (=0 slow, =1 rapid)
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Tipp Tipping event (=1 if business cycle or climate shock)
Model 2: Deforestation emissions
DE=®& +®&D+ @A+ @Ralio+ &R+ ®CD+ & Tipp+ 2. (an
where DE Deforestation CO2 emissions
Model 3: Total emissions
TE=-@® +@®D+ @A+ @Rdio+ &R+ ®CD+ & ipp+ 3. (12)

where TE Total CO2 emissions
When CD=0 and Tipp=0, the resulting three models generate predictions for the slow-no
shock treatment. Thus, values of the predicted betas in the three models are relative to the
slow-no shock condition. Table 2 provides the OLS regression results for the three models.
According to the results presented in Table 2, all three models exhibit a high
adjusted-R*. The coefficients that are statistically significant in most models are CO2
absorption (R), the Ratio of fossil fuel to total emissions (Ratio), and the dummy variables
for Climate Dynamics (CD) and tipping point events (Tipp). Furthermore, all variables
consistently maintain their sign across all models, as well as their relative magnitude. In
addition, the coefficients that are not statistically significant have the expected sign. Results
indicate that an increase of the ratio of fossil fuel emissions to

total emissions reduces all three types of emissions (fossil fuel, deforestation, and total
emissions). In other words, participants select to increase deforestation emissions more than
fossil fuel emissions when they aim to reduce both types of emissions. In addition, the
coefficients that are not statistically significant have the expected sign.

Table 2: Regression output

Model (1) (2) (3)

FFE DE TE
D 0.00216 (1.68) 0.000539 (1.86) 0.00270 (1.78)
A 0.00211 (1.89) 0.000481 (1.91) 0.00259 (1.97)
R 0.769*=* (5.85) 0.138** (4.66) 0.908*** (5.86)
Ratio -6.581% (-3.51)  -0.750%*% (-23.08) -16.34*** (-7.41)
CD -0.454% (-3.95)  -0.0744** (-2.87)  -0.528** (-3.00)
Tipp 0.150° (2.28) 0.0249 (1.67) 0.175% (2.26)
Constant T64% (2.72) 8.453**= (14.19)  15.62*** (5.03)
R? 0.914 0.990 0.955
Adjusted R? 0.807 0.087 0.946
F 5, T4%=* ABE, 1% 108,55

t statistics in parentheses
T p o 005, 77 poa 0001, 77T p o 0.001
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Regarding the dummy variables of Climate Dynamics (CD) and Tipping events
(Tipp), it is clear from all three models that the coefficients are statistically significant and
maintain the same sign in all three regressions. Thus, the presence of rapid climate
dynamics reduces all emissions levels and the existence of a tipping event increases all
emissions levels selected by participants. Furthermore, the magnitude of the CD coefficient
compared to the Tipp coefficient suggests that Climate Dynamics play a more significant
role when comparing their individual effects on fossil fuel emissions, deforestation
emissions and total emissions.

6. Conclusions

The aim of the present paper was to investigate the reasons for participants’ poor
control over dynamic systems in the context of climate change and to discover possibilities
in which these problems can be overcome. First, a simplified dynamic programming
problem of climate change with stochastic and irreversible climate change was developed,
that incorporated tipping points arising from business cycle shocks and climate change
tipping events. Second, a simplified simulation user interface was developed, the dynamic
climate change simulator with stochastic and irreversible climate change (DCCS-SICC).
DCCS-SICC was employed to investigate participants' ability to control climate change
under different conditions of climate dynamics and tipping events.

Results indicate that a change in climate dynamics from slow to rapid improved
participants' control of CO2 concentration. However, the change in climate dynamics does
not suffice to improve participants' control of CO2 concentration, if other factors come into
play. For example, the presence of tipping events may cancel out the performance
improvement due to climate dynamics as is evident from our results.

Participants' control of CO2 concentration deteriorated significantly when faced
with a climate tipping event, compared to a single business cycle shock, even though
climate dynamics were rapid in the first treatment compared to the second one.
Furthermore, evidence suggests that the presence of rapid climate dynamics reduces
emissions levels and the existence of a tipping event increases emissions levels. Finally,
climate dynamics play a more significant role compared to the tipping events analyzed in
the simulation.

Future work on individual agents’ control of climate change should be directed
towards repeated performances in DCCS-SICC. The literature on dynamic decision making
suggest participants' initial performance in interactive management flight simulators is
initially quite poor but improves with repeated performances. The repeated performances
would be of particular interest if participants were switched between the four treatments,
thus on the one hand developing a generic understanding, but on the other having to
continuously improve and reevaluate their generic understanding of CO2 accumulation
when faced with stochastic and irreversible climate change. A more realistic model can be
further achieved where individuals cannot directly control CO2 emissions but only
indirectly through relevant policies would make the simulation more realistic, for example
controlling taxes.
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On the dynamic linkages between CO, emissions, energy consumption
and growth in Greece
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Abstract

This paper attempts to analyze the short- and long-run causality issues between energy
consumption, CO, emissions, and economic growth in Greece using time-series techniques.
To this end, annual data covering the period 1960-2012 are employed and tests for unit
roots, ARDL-bounds testing approach of cointegration, and Granger-causality based on
error-correction models are applied. The results reveal strong bi-directional causal impacts
in the long-run between carbon dioxide emissions and energy consumption while per capita
GDP growth behavior seems rather exogenous. For the short-run there is evidence of two-
way causality in all examined pairs with only exception the direction CO, towards GDP.

Keywords: CO; emissions; energy consumption; growth; causality; Greece.

Avvapkn aiiniegaptnon petald ekmoun®@v CO,, evépyelog Kot
01KOVOIKIG avamTuEng: Mio 01KOVORETPIKT depevivion Yo TNV
aepintoon s EALGdac

K. Katrpaxvriong, I. Kvpitong & B. [latowka
Apiototédeto Tavemotiuo Oeccorovikng
katrak@econ.auth.gr ikyr@econ.auth.gr patsikav(@econ.auth.gr

EIZATQI'H

XtV mponyovpevn dekaetia, £xovv ekmovnOel molvdapBueg peréteg mov e€etalovv
™ otadlokn e€EMEN ¢ oxéong petald g mePPaALOVTIKNG TOOTNTOG KOl TOV EMITEIOV
AEIT yio o yopa M po opddo yopov. Tétoleg peréteg yapoxtnpilovior g
nepPaAlovTiKES avolvoelg Kapumviov Kuznets, Aoy pog vrobeong mov daTuIwGe TO
1955 o Simon Kuznets. H attidddng oyéon petald g neptPaAAovTiKing Tot0TnToS Kot ToV
EMMESOL AVATTVENG €IVOL GUYKEKPIUEVIC QPOPAS * OO TNV OVATTLEN TTPOG TIC EKTOUTES
POTOV Kol Kot OLVETEW TPog TNV TePPoAloviiky moldtrta. Qotdco, £xel emiong
VIOGTNPLYTEL OTL AVENUEVA EMUTEDD EKTOUTMOV AOY® TNG OIKOVOULKNG OVATTUENG UTOPEL vaL
Exovv emPrapn amoteAéopata otig dvvarotnreg mapaywyns (Pearson, 1994; Stern et al.,
1994). Katd cuvéneia, 1 otidons oy€on avapesd toug umopel va givorl apgidpoun).

Q¢ €K TOOLTOV, Ol OVOAVGELS QUTIOTNTOG OOTEAOVV Oyl HOvo TTpodmobécelg ylo Tnv
TeEPOTEP® Epevva ot oxéon “mepPariiovtikn mototnta - AEIT” aALd Kot To amoTeAEGHOTA
TOVG Umopel emiong va £xovv cofapég EMNTMOELS OTIG TOMTIKEG amopdoets. [Tapadeiypotog
YOPLV, €V OEV LILAPYEL KOO oUTIOTNTO, UTOPEL 01 TOMTIKES Yol TN HEIMON TOV EKTOUTMOV
va unv €rovv kaBOAov EMITMOOELS OTNV OKOVOIKT avantuén. Evtovtolg, edv vepiotatot
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OTMOLONTOTE  CUTIOTNTO, TO TOMTIKO HETPOL TPEMEL Vo GYESOOTOOV HE TN GOON|
oLVELNTOTOINGN NG KaTtevBuvoNg TG AUTIOO0VS GYEOTG LETAED TOV EKTOUTMV KOl TOV
AEIL. Ot avolboelg oautidtnrag €YoV €QUPUOCTEL G TOAAEG EUREIPIKES UEAETEG,
EPELVAOVTOG €1TE TNV o1TiddN oyéon Hetald TNG KOTOVOAMONG EVEPYEWS KOl TOV
glooonpatikov emmédov (. Yang, 2000 Shiu xon Lam, 2004 Yoo, 2005) eite v
atmon oyéon petaly exmopmmv CO; Kol E1G0ONUATIKOD EMTEOOV. ZE 0L UEAETN TTOV
npaypotomombnke and toug Coondoo ko Dinda (2002), Bpébnke povddpoun ortiddng
oyéon petald Tov eknopnmv CO, Kot TOV ELG0NUATOC TOV APOPA TIG AVOTTUYIEVES OUAOES
ropov Bopetag Apepikng kabmg Kot AvatoAtkng kot Avtikng Evponncg.

‘Evog onuovtikdg aptOpog peretdv yioo v eEEMEN g oxéong petald g
OIKOVOLIKNG aVATTUENG Ko TNG TEPPAAAOVTIKNG POTOVONG EXEL EGTIAGEL GTN GYEOT) LETOED
TG  OWKOVOUIKNG HEYEBLVONG Kol TNG  EVEPYELNKNG KATOVOAMONG, OEOOUEVOL OTL Ol
EKTTOUTEC POTTAVONG TOPAYOVTOL TPMTIOTO, LE TNV KOTOVAA®ON oTepe®V kovcipwv. Eivat
AoV TPoPOVEG OTL M KOTOVONOT TOV OAANAETOPACE®V KOl TNG Katevbvuveng g
aToTTaG HETAED NG KATAVAAMONG EVEPYELNG KOl OWKOVOMIKNG OVATTLUENG €ivol TOAD
ONUOVTIKT OTN SIOHOPP®GCT] TOV TOMTIKAOV Y10, TNV EVEPYELX KO TO TEPPAALOV.

Kat ya tig Suo mpoavadepbeioeg StpetaBAntég oxeoelg, otn ouvadn BLBAloypadia e€etalovral ot
oKkOAouBeg umoBEoelg :

(1) The “growth” hypothesis: Oewpel 6TL | POPE TS ATIOIOVG £xEl KOoTEVOUVVOT ATO TNV
KATOVOAMOT EVEPYELNG/ EKTOUTES POTTWV TPOG TO ELGOOT L.

(2) The “conservation” hypothesis: Ocwpel 6TL 1] POPE TNG UTIOOOVG EYEL KOTEVOVVOT OO
TO E1000M 0L TPOG TNV KATAVAAMGT EVEPYELNG / EKTTOUTEG PUTMV.

(3) The “neutrality” hypothesis: Ocmpei 0Tt VIAPYEL ATOVGIO ATIOODOV EMOPAGEDYV UETOED
€1G00NLLOTOG KOl KOTOVAA®MONG EVEPYELOG/ ekmopmmv pomtov. Kot téhog

(4) The “feedback” hypothesis: @smpel 60TL VEGPYEL AUEIdPOUN AITIOONG EMLOPOCT) HETAED
E1G0ONLLOTOG KOl KOTAVAAMONG EVEPYELNG/ EKTOUTMV.

H BBAloypadio Sev €xel kataAnfel akopa oe Hla YeVIKR amodoxn yw tnv ¢uon-
KotevBbuvon NG atwdoug oxéong UETAfU TNG KOTOVAAWONG €VEPYELAG, PUNMWV KAl TNG
OLKOVOMLKNG avamtuéng 610tL Ta amoteAéopata Sladopormolouvtal avaAdywg Tou emunmedou
avantuéng, tng e€etalOPevnG XPOVIKNAG TEPLOSoOU oAAA Kol TNG €PopUolOUEVNG EUTIELPLKNAG
pebodoroyioag. H odvdeon tov dvo  Piproypapidv (CO,-Growth nexus kot Energy
Consumption-Growth nexus), £étot ®ote 1 GY€on UETOED TNG OKOVOMIKNG OVATTUENG, TNG
KOTOVOAMONG EVEPYELNG KO TOV EKTOUTOV pOTTAVONG v umopel va, eEetdletan péoa og va
TOAVUETAPANTO TAOICI0 oTIdTNTOC, EIVOL Lo OXETIKA VEQ TTEPLOYN| TNG CLVAPOVS EPELVG.
[ToMtikég mov otoyevovv va meplopicovv Pabuaio TG €OVIKEG evepYElOKES avVAYKES
opeilovv va eEetacovy Ta mbavd «causal linkages» peta&d g olkovoukng avamtuéng,
NG KOTaVAA®ONG EVEPYELAG Kot TNG EMPApLVON S TOV TEPPAALOVTOC.

Ot ep1ocOTEPEG VITAPYOVCES UEAETEC QPOPOVV  UEHOVOUEVEG YDPES. YTApPYoLV
MEAETEG Y10l TIC OVOTTTUYHEVES YwpeS, Ommg ['aAdior (Ang, 2007) kor HITA (Soytas et al.,
2007), v avamtueooueveg yopes, omwg Kiva (Zhang & Cheng, 2009), MoAaicio(Ang,
2008) kou Tovpxio (Halicioglu, 2009; Soytas & Sari, 2009) kot yw T TAOVGLEG
netpeAdikéc yopeg tov OPEC (Sari & Soytas, 2009). Ou Apergis and Payne (2009),
eetdlovv éva panel and yopeg g Kevipikng Apepikng eved ot Lean and Smyth yia éva
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panel amd 5 Actotikég ympes. To amoteAéopota Tov gpevvav e&akoiovbovv va givol
avapKTo.

Yty mepintoon g EAMGSag, av kol didpopeg peréteg €xovv efetdoel T oyéon
HeTa&d NG EVEPYEWKNG YPNONG KOl TNG OWKOVOUIKNG avAmTLENG, HOVO Alyeg €xouvv
EPEVVIOEL VTNV TN GY€om Ue Paom TIS o GVYYPOVEG OIKOVOUETPIKEG TPOCEYYIGELS (.Y, e
GLUVOAOKANP®ON) KOl KUPIOG 6€ éva SLlELPVUEVO TAAIGIO OV Vo, TEPIAAUPAVEL Kot TIG
ePPAALOVTIKES EMOPACELS.

O Hondroyiannis et al. [2002] e&fétacav v eumelpikn oxéon UETOEL NG
KOTOVOAMONG EVEPYELNG KOl TNG OWKOVOUIKNG oavamtuéng v mepiodo 1960-1996. Ot
Rapanos ko1 Polemis [2005] avéivoav v oaitumon oyxéon peto&y tov AEIT ko g
KATOVOA®MONG  EVEPYEWNG, Y. TN YPovikn 7epindol1965-1998. Ov Papadopoulos «at
Haralambopoulos [2006] epedvnoav €Gv ot peTaPoréG TV  EKTOUTOV  AvOpaka
ovoyetilovtol He TIG OAAUYEC TNG EVEPYELOKNG £VTAONG, TOV TIUMV Kol TNG KATOVAANOGCNG
evépyelag. Ymapyel por TOALOAGTOTN OVAYKN KOTOvONoNG NG EVEPYELOKNG KOTAGTOONG
omv EAAGSa, v v Sapdpemorn vEOV amOyew®V oTn oxEoN UETOED TNG OKOVOUIKNG
avamTLENG, TNG EVEPYELOKNG £VTAoNG Kot TOV EKTOUT®V ToL CO,.

O oxomdg avtig ¢ epyaciog eivar, pe 1N ypnoonmoinon twv EAnvikov
ototyelov, va efetaoctel 1 oyéon UETOED TNG OWKOVOUIKNG OVATTLENG, TNG EVEPYELOKNG
évtaong kot Tov ekroundv tov CO,. H avdivon artiomtog 0o mpaypoatorombel pe v
EPOPUOYN TOV OIKOVOUETPIKOV eAEYywv g kotd Granger oautotntoag. Kat' apydc,
eetalovton N otacidTTa Kot 1 HTapEn GUVOAOKANP®ONG HETOED TOV YPOVIKOV GELPMV
tov eknoun®v CO, kot tov Tpaypatikod AEIL. Avaloya pe To OTOTEAECUATO, TPOYWPOVLE
omVv ektipnomn &vog vmodetypotog dopbwong opdipatog (ECM) ko eetdalovpe v
artiotnta kotd Granger otn pokpoypovia kot poyvypdvia tepiodo.

TO MPQTOKOAAO TOY KYOTO

To Ipwtdxorro tov Kyoto mpoékvye amd ) Zopupaocn-ITiaico yuo tigc KApatikég
Alayéc mov giyxe vmoypagetl ot Aldokeyn tov Rio, Tov Iovvio tov 1992, and t0 chvoro
oxedov TV Kpatov (N EALGda kbpwoe ) ZopuPacn avtr, kdvovtdg v vopo tov Kpdtovg
tov Ampido tov 1994). X16x0¢ g ZopPaong eival " 6tabdeponoincn T@V GUYKEVIPOGE®DY
TOV ogpiov Tov Bepuoknmiov TNV ATHOCPALPO, G EMIMEd TETOO OGTE Vo TPOANPHoHV
EMKIVOLVEG EMMTOGELG GTO KAMPO amd TIG avOpOTIVES dpaoTnploTnTEG'.

To 1997, oto Kyoto, ekatd ywpeg, kupimg Tov Boppd, cuppdvncay vo Letdcovy Tig
EKTOUTEG TV aepiov Tov Beppoknmiov 610 5,2% kdtw amd ta enimeda tov 1990 péoa ce
15 ypoévie (7 oL 1995 yio opopéva aépla) Katd T SUPKEL TNG TPMOTNG «TEPLOOOV
déopevoncy, n omoia KaAvmtel ta £tn 2008 €wg 2012. AAAG 1 Kiva kot n Ivdia, ol omoieg
gxouv 10 ypnyopdtepo  puBud  avamtuéng oOcov  aeopd T pOAvvom,  dev
ovoumeptlopfavovioy ot cvueovia. Avaeépetor 0Tt mpoTundnke o kabopiopdg
TMEVTAETOVG TEPLOOOV décpevong avti oTtdyov €vOg £Tovg Yo va e&opaivvBodv ot €TNoleg
SKVUAVOELS TV EKTOUTMV AEPIOV TOV OPEIAOVTAL GE AVEEEAEYKTOVG TOPAYOVTEG, OTMG O
Kopds. Avti 1 GVUP®VI dEV ETOPKOVCE Y10l VO, IKOVOTOGEL TNV TPATN TPOVTODEST TNG
Yvvdtdokeyng Tov Rio, va otabepomomoet Onhadn TG CLYKEVIPMOOELS TOV OEPI®V GTNV
atuodcearpa. Emiong, oe kdbe ydpa 660nke po mocdGT®on mov Pacilotav oto TpEYoVTa
enineda Tov ekmoundv aepiov (pe titho grandfathering). Avtd mapofiole katdempa ™
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devtepn amaitnon g Luvdldokeyng tov Rio, ya v 16010, 0POY 660 peyarvtepn Cnuid
elye TpoKaAEaEL P Ydpa 610 TapeABOV 1060 TEPLGGOTEPO Bal TNG EMTPENHTAV VO LOADVEL
oto péAov. Tehd, to Ilpwtokorro tov Kyoto vroypdonke and 178 ydpeg, ov omoieg
aVTITPOSMOTELOLY TO 95,7% ToVv TANBVGLOV TOV TAAVITY.
Ta aépro Tov Tparypatevetal to [IpwtoKolrio Tov Kyoto etvon £EL:

- dw&eidio tov avBpako CO, (Tov amotelel TO CNUAVTIKOTEPO AEPLO),

- uebdévio CHy,

- vro&eido Tov alwrtov N,O,

- vopopBopdavOpaxec HFC,

- mpog  eBopiopévol  vopoyovavBpaxkes N vrepebopdvOpokeg PFC ko

eEapboprovyo Oeio SF.

Qot600, v pe Epguva mov empeAndnkav to JRC ko 1 Yanpeoio [eptpariovtikng
A&loldynong g OAlavdiag pe titho “Makportpofecueg TAOELS OTIC TOYKOOUIEG EKTOUTEG
CO,” ot maykdoeg ekmopmég 01oEediov Tov avOpaxka avindnkay katd 45% peta&d 1990
kot 2010, ayyiCoviag to mTpOTOEOVES €Mimedo TV 33 SICEKUTOUUVPIOV TOVOV, OTMG
avagépetar o €pevvo Tov Kowvov Kévipov Epsuvav tg Evponaikng ‘Evoong (Joint
Research Centre — JRC). Kot pédhota mpénet va emonuavOel 6tL onpepa n avantuén tov
OVOVEDOCIU®V TNYOV EVEPYEWNS, TOV TLUPNVIKOV Kot 1 PeATioon g evepyelokng
OTOSOTIKOTNTAG OEV EXAPKOVV Y1 Vo, KAADWOLV TN {TNOoT EVEPYELNS Y10 NAEKTPOTOPUYMYY|
KO LETAPOPES, 101G OTIC OVOTTUGCOUEVES YDPEC.

Epreipucn) Avaivon
Agdouéva

210 TAOLGL0 TNG EUTELPIKNG avdAvLoNg ypnolorombnkay ototyeia yo v EAAGOQ
and v World Bank Database mov xoidmtouv v ypovikny mepiodo 1980-2010 .
Ewdwotepa, culdéyOnkav etota ototyeia yio to mpaypatikd Kotd kepainv AEIT oe Evpd
(YRPCE), tic xatd kepoiqv exmounéc CO, oe perpikovg tovouvg (COPC) kot v katd
KepaAn yprion evépyeog o kg (EUPC).
MeBodoloyia Kal amoTEAEGUATO TG EUTIEIPIKHS AVALVOHS

H dmapén xpovoroyikdv Gelpdv dNUOVPYEL TV OVAYKT] Y10 EAEYYO OTAGILOTNTOG,
kabhg To Yyvootrd kpurnplo  a&loAdynong Kot €AEYYOL TNG  ONUOVTIKOTNTOS TOV
OIKOVOLETPIKMV VTTOOEYHATOV Eivarl a&lOmota LOVO OTOV VITAPYEL CTUGILOTNTO TOV GEPDV
(mpoPAnua  TAaoUaTIKNG ToAVOpOuMoNg). [evikdtepo otr petafintéc Oo mpémer va
dwkpivovtar amd otabepdtTo TOV HECOV KOl TOV JAKVUAVeE®DY 6T0 ¥povo. 'Etot, oto
TPOTO Ppo TG EUTEPIKNG avdAvomng, yivetar 1 OOMICTOON TOV YOPOKTNPICTIKMOV
orokMpwong tov  efetaldpevov  petafintov. To tov éAeyyo  OTAGIUOTNTOG
ypnowomomnkav o emavénuévog €ieyyog twv Dickey-Fuller (ADF test) kabmg ot o
éreyyog Tov Elliot, Rothenberg and Stock yvwotdg g ADF-GLS o omoiog givat vedtepng
YEVIAG kol vynAdTEPNG OTATIOTIKNG OUvoung. To oamoteAéopatd TOovg, Yoo OAES TIg
HETaPANTES HOG OTO EMIMESD TOVS KOL GE HOPON TPMOTO®V OAPOPOV KOl YPNCULOTOIDOVTOG
otafepd OPO KO YPOVIKN TAGN GTNV OTATIGTIKN EAEYYOV, Gaivovtal otov akdAovbo TTivaka
1.
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Mivaxog 1: EAeyyotr Movadwiog Pilog
VARIABLE ADF ADF-GLS CONCLUSION
LCOPC -1.1759 (-3.5023) -0.2938 (-3.19) NON-STATIONARY
LEUPC -1. 6312 (-3.4986) -0.5564 (-3.1868) NON-STATIONARY
LYRPCE -2.4153 (-3.5577) -2.1157 (-3.1900) NON-STATIONARY
DLCOPC -8.0437 (-3.5043) -7.507288 (-3.1900) STATIONARY
DLEUPC -5.5781 (-3.5004) -5.6918 (-3.1868) STATIONARY
DLYRPCE -2.1392 (-3.5577) -3.2931 (-3.2120) * STATIONARY

A6 TV GUYKPLON UE TNV KPLTIKN T TOL EAEYYOL SOMIGTAOVETOL OTL Ol GELPES Elvot
un otdoeg Tpmtng TaENS. Emopévog, to emduevo Prpa o eivor o €heyyog yuor Omapén
OLUVOAOKANPMOONG UETAED TOVG, TPOKEWUEVOL VO OVIXVEDCOLWE TNV THAVH TOPOVCia
LOKPOYPOVIOV Kal Bpoyuypdviov artiwdmv katd Granger emdpacemy petaéd tovs. o Tig
aVAYKES TNG OIKNG HOG £PEVVAG, OEOOUEVOL OTL OPEVOS O OPIOOG TOV TOPATPNCEDV JEV
etvar aitepa VYNAOG Yol VO TOVTOTOUCOVUE T YOPOKTNPIOTIKE OAOKANp®OONG TMV
oelpdv mov eetdlovpe Kol apeTEPOV N MOAVY] TAACUOTIKY €KOVO TNG HOKPOYXPOVIOG
oxéong petald Toug AOY® NG TOPOVGING CNUAVIIKOV SlopfpmdTIKOV OAAOY®V, HOG
KatevBuve oty viobEon g pebodoroyiag cvvorokAnpmwong ARDL (Pesaran, 2001). H
ovykekplpévn pebodoroyia egoucovopel Pabupovg elevbepiog kot odnyel oe mo agdomota
ouumepdopaTo EMEWN €lvol TEXVIKN GLVOAOKANP®ONG Mg e&lowong kot dgv amontel
TPOYEVESTEPO EAEYYO OTACIUOTNTOG TOV EETALOUEVDV GEP®V Y10 va emPePatmbet 6Tt eivan
UN OTAGIUES 10106 TAENG OAOKAT p®ONG,.

H pébodog ARDL emitpémet tnv ektipunomn g pokpoypoviag oyéong pe amin OLS.
Mo éva vedderypo mov €0t TEPIAAUPAVEL TIG XPOVOAOYIKES GEPES Yy, Xi Kot Zy, opyikd
yiveton 1 extipnom tov akdAovBov o cuvOnkn vrodeiyuotos o10pBwang Lobav pe OLS:

AV =y + 1Y+ 10X+ 1L+ ) BT+ ) B bK, + ) BAZ,
1 i=| i=l (1)

omov " givan 0 oTABEPHC OPOC, Y EivOL Ol LOKPOXPOVIOL TOANUTAAGLAGTES Ko P sivar ot
Bpayvypovior ocvvtereotés. To vmoédetypo (1) eivor dvvatd va mephopPdver ko
TPOCOIOPIOTIKEG UETAPANTEG OMMOC YPOVIKN TAOT, YeLdOUETAPANTEG Ko GAAeg e&myevelg
petapAntég pe otabepd apdud votepnoemy.
21T cuvéyEL, ELEYYOVLE TIG VTTOBETELG

Hy:yy=y; =y, =0 Q)

H :»n=z207=0r=0
Anoppun tng undevikng, 6tL SnAadr] oL TaPAUETPOL TwV UETAPANTWY oTa £MiMeSA TOUG KOL UE pLa
XPOVLKN UoTépnon elval oTatlotikd pundev, cuvemadyetol UMAPEn CUVOAOKANPWONG UETAEU TwV
petafAntwy. Ma tov €Aeyxo TG UNdevikng umoBeong umoloyiletol pia Tpomomolnuévn F
otatiotiky (FPSS), Tng omoilag OUwWG N OOUPMTWTLKA Katavoun &ev akoAouBel tn ouvnbn F
KOTAVO).
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MMivekag 2: EAeyxol ZUVOAOKANPWONG

Model F-statistic Conclusion
LYRPC\LCOPC,LEUPC 4.5493 Inconclusive
LCOPC\LYRPC, LEUPC 7.2801 Long-run causality
LEUPC\LCOPC, LYRPC 4.4265 Inconclusive
NOTE: 90% Lower Bound 95% Upper Bound 90% Lower Bound 90% Upper Bound

4.3867 5.6666 3.5115 4.6144

Ytov mapomdve Ilivaka 2, epeavifovtor to  amoteAéopoto TOV  EAEYY®V
oLVOAOKAN POONG Yo OAES TIG e€etalopeves oxéoelc. [lapatnpodpe 0Tl TO OMOTEAEGUA TOV
eréyyov etvan aféParo O6tav e&aptnuévn petafAnt elvorl to €160dNUA 1| 1 KOTOVAA®O
evépyewog. Eqv amopprpfel n pundevikn g un vmapéng paxpoypdviog oxéong peta&d tmv
HETAPANTOV 1 OKOUN KOl 0V TO OmOTEAEGHO TOL EAEYYOL glvan aféPaio, To emduevo Prpa
etvan M emroyn tov dprotov ARDL vrodelypatog to onoio mpocappoletor KaAdTepa oTa
dedopéva pe Baon kprrmpa emroyng onwg 1o Akaike-AIC 1} to Schwarz-SBC. Mia yevikn
LOPON TOV LITOJELYLOTOG Elvan

1 *iﬁln.-"r-*iﬁl~ t',.-u-i,rj".. Z o+

oMoV P, g, I €lval OL YPOVIKEG VOTEPNGELS.

€))

And 10 extyumuévo vmdderypa (3) TPOKVTTOLY Ol HOKPOYPOVIOL GUVTEAECTEG
YPNOUYLOTOIDVTOG LT YPOUUKEG GUVOPTHGELS TOV EKTIUNUEVOV GUVTEAESTMV TG (3):
L]

g S, > A,

- Zp:ﬁl
i=] “4)

ay = o i = _I'— oy
I_Eﬂh- ]_Eﬁ i
r i-i
’ oy o r P A B ’ ’ ’
omov " givar 0 6tabepdg Gpog Kot * givat o1 pHaKpoypOVIOL GUVTEAEGTEG KAMONC.
Oeopovtag, OTmG mpoovaPépnke OTL givol mOOV 1 TOPOVGIN HAKPOYPOVIOV OUTIOODV
OXECEMV KOl TPOg TIG TPelg kotevbivoelg, mapovoialovpe otov akdAovbo Ilivoka 3, Tig
EKTIUNOELS TOV OVTIGTOL(®MV LOKPOYPOVIOV GYECEMV 1GOPPOTIOLG.

Iivaxkag 3: EKTLUAOELG TWV LAKPOXPOVIWY cuVTEAEoTwY (Long run estimates)
Dependent Variables
Independent Estimated coefficients (prob-value)

Variables LRYPC LCOPC LEUPC
LRYPC - -0.2139[.008] 0.3426[.001]
LCOPC -2.0215[0.028] - 1.2089[.000]
LEUPC 1.9650 [0.011] 0.8766[.000] -

constant -1.5362 [0.680] -2.7000[.006] 2.0054[.033]

[Tépa amd v paxpoypovia. GYECT 1G0PPOTIAG TOV GUVIEEL TIG TPELS METAPANTESG Yy, X Kol
Z; glvar dvvatd Ppoyvypdvio va Ppiockovior oe avicoppomio. AvT] M SUVOUIKY NG
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Bpayvypoviag oyéong pmopet va dtotvmmBel 610 mANico €vOG vmodeiyuaros dopBwang
AoBav (Error Correction Model — ECM) to omoio 6tnv ovcio Guvaget T LaKpoypovia e T
Bpayvypovia coumepipopd TV peTaPfANT®V. XT0 TpoteAEvTaio avTtd Prna ™ pebddov
ARDL yiveton extignon tov Bpoyvypdvimv SUVOUIKOV GUVIEAESTAOV, €EEIOIKEVOVTOS TO
avtiotolyo, yw to dproto ARDL, vrdderypo d16pObmong Aabdv pe TV mopakdT® YEVIKY

HopON:

AY, =&, + Auo+ 28 AT+ Eﬁ_.,a.,r, Lty E AT +e
fml fmll el (5)

o6mov to Mi-1 gival 0 dpog didpbwonsg Labav mov TPOKHNTEL OmMd TN LOKPOYPOVIL GYEOT
1COPPOTLOG KO ] TAPAUETPOG A EIVAL O GVVTEAEGTHS TPOTOPUOYHS, TOV dElYVEL TNV TOLTNTA
pe v omoia amokadictatotl 1 woppomic TG Y petd amd po mhovn eEmyevn datapoyn
(shock).

Y10 televtaio Prpa g pebodoroyiag cuvorokinpwong ARDL eivar duvatdg Kot o
éleyyog autiotnrog kora Granger (Granger, 1969) avaueoa otig petofintéc. Xtov [ivaka 4
ov axolovbei, Tapovoralovtar ta vrrodeiypato dSopO®oNg COALUNTOS GE GUVOLACUO E
0. OMOTEAEOOTA O) TOV OTATIOTIKAY eA&yyov Wald X yioo v ovixvevon onpoviikdv
Bpayvypoviov emdpacemv HeTald TV e£eTalOUEVOV GEPOV GE LOPPT TPMOTOV SUPOPDV
Om®G Kol TG KAtehHLVONG TOV ATIOIM®V EMOPACE®V Kol ) TNG OTATIOTIKNG t Yoo TOV
ELEYYO ONUOVTIKOTNTOG TOL Opov O10pOBmong oeAaApatog Kot Tng Katehlvvong twv
HLOKPOYPOVIOV OLTIOOMV ETIOPACEMV.

Mivaxag 4: Extiunoelg unodelypdtwy 61opbwong odbdaipatog
(Error correction models)
Dependent Variables
Independent Test-Value [prob-value]
Variables DLRYPC DLCOPC DLEUPC
Lags of DLRYPC - X’=110.0391[.000] | X’=12.4741[.029]
Lags of DLCOPC | X? = 3.3508[.067] - X?= 49.6212[.000]
Lags of DLEUPC | X?= 12.0198[.035] | X’= 74.3298[.000] -
ECT(-1) t= -3.1594[.006] |t= -3.1569[.007] | t=-2.9604[.010]

Ta amoteAéopata tov Ilivaka 4, cvvoyilovtor 610 TOPAKAT® YPAONUO LE TO
eEotepikd PEAN va Tpoodtopilovv v apeidpoun (yia 6Aa ta (evyn TV HETAPANTOV OTTMG
aviyvevnke) pakpoypdvio outiddn EmOPACT, EVD TO ECMTEPIKA PEAN LE TO AOLVEXES
meplypoppa vo ometkoviCouv Tig PpoyuypOvieg oTIMOELS EMOPACELS Ol OTOlEg etvor emiong
apeidopopeg pe eaipeon v oyéon petald ponov kot AEIT 6nov goiveton Tmg 1 enidpaon
etvar povodpoun kot cvykekpipéva eivar amd to AEIT tpog tovg mepifariioviuicode pomovg.
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Yvopnepdopato

2oupova pe to, omoteAécpato PpEtnke pLokpoypovia outiotnTo pE katebbvvon and
NV KOTOVAA®MOT MAEKTPIKNAG EVEPYELNG OTNV  OIKOVOWMIKY  OVATTLEN, YEYOVOG OV
yopoktnpilel owovopieg mov eEapTmdVTAL Od TNV EVEPYELQ.
M abénom ¢ KoTavalmong NAEKTPIKNG evépyelog odnyel oe vyniotepo AEIL dot,
eKTOG amd TO GUECO OMOTEAEGLO TOV QPOPA TNV EVEPYELD TOV {NTEITOL KOl KOTOVOADVETOL
YL EUTOPIKT YPNoM Kot Onpuovpyel vymAdtepn peyébuvorn g otkovouiog, 1 vynAn
KOTOVOAMOT NAEKTPIKNG EVEPYELOG ONUOVPYEL TEPAUTEP® AVENCT) TOPAYWOYNG EVEPYELNG, M
omoilo. eUPESMG OMpovpYel amacyOANOCT Kol LTOOOUES  OTOV TOUED TV VANPECIOV
EVEPYELOG.

Ta amoteAéopata deiyvovv emiong 6t 1 vroPddion tov mepPaiiovtog xel BeTikn
OYE0T UE TNV OIKOVOLUKT ovaTTTLEN pakpotpoBeoua. Avtd oQeIleTOL OTIG EKTOUTES POTTOV
KATA TN O1001KOGI0 TOPAy®YNG KOl AVTOVOKAQ TNV EUTEPI TOAADV PLOUnYavVIKOV YOPOV.
dvowkd, avtd dev vrovoel 6tL N TepIParlovTiky vroPaduion ivar  evdederypévn mopeia
Yoo TV mwpom®Bnon ¢ owovoukng avdmtuéng. AAlwote, pe PAon TNV GYETIKN
BipMoypapio yioo ™ PLOSOTNTA, ETIKEVTIPO TNG TOATIKNG TOL KPATOLS TPEMEL VoL Eivor M
KOW@VIKY] gunpuepio kot Oyt poévo to katd kepainv ewcoonua. (Gowdy, 2004, 2005).

EmunpocOera, o ocvveylopevn vroPdbuion g mowdtnrtog tov meppdiiovtog
umopet vor SNUIOVPYNOEL 0pVNTIKEG EEMTEPIKOTNTES Y10, TNV OIKOVOUI0 HEG® TNG MEIMONS TNG
vyelog oL avOPOTIVOL KEPOAOIOVL KO, KOTO OLVETEW Kol TNG TOPOY®YIKOTNTOG
poakporpdOeoo (Ang, 2008 ) .
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AWoTINOTO EUTLIGTOGVVIG Y10 EKATOOTNROPLO 6€ 6Tacipes ARMA
owndikacieg: Mia gumerpikn) epappoyn o€ nepfarilovrika 6880uéva34

Hliog Kefopk & I'edpyrog Xaikog
Epyaotpro Eniyepnotoxkav Epeuvav
Tuqua Owkovopkdv Emoemuav, Zyoing Kowovikav kot Avpomictikov Emotmudy,
[Mavemomuo Oeocoariag, Kopan 43, Bohog 38333
halkos@uth.gr kevork@uth.gr

Iepidnyn
H extiynon ekatootmuopiov mailer mAéov onuovtikd poAo ota. dLAPopo GTAdSL ANYNG
AmOPACE®MY G€ TOAAOVG eMGTNHOVIKOVS Topeic. Opumg m péyxpt tdpa £pguva avamnTuéng
nebdd®V extiumong Tov ekatootnropioVv faciotnke otnv vIOHECT ATL 01 TOPATNPNOELS GTO
delypa dropopemvovtat ave&aptnto Hetalld Tovg. TV mopovoo epyacio KatapyoOUe TV
vobeon ot VTOOBETOVTOG OTL O TIUEG TNG VIO HEAETN peTaffAnThg oynuatilovtal pe Baon
TNV YEVIKN YPOUUIKT GTOXOOTIKY avEMEN. EEGyovtag mpdTo TNV GCLUTTOTIKY KOTOVOUN
TOV eKTUNTN peyiotng mhavoedvelog yio to 100%Py, exatootnudplo, divovpe 6t cuvE el
TN YEVIKN HOPPY| TOV OVTIGTOLYOV OLGVUTTOTIKOD SOCTHHATOG EUmIoTocvvnG. H eykupotnta
TOV JCTNUATOG aVTOV OTav ekTdtol o€ otdoiueg oepég AR(1) war ARMAC(1,1)
e€etaletan péow ypnong mpocsoporwcoewv Monte-Carlo kot VTOAOYIGHOV VO GTOTIGTIKMV
Kpumpiov: (o) TOV TPOYUATIKOD EMMEOOV EUMIGTOCVLVNG, Kot () TOL AVAUEVOUEVOL ML~
TAQTOVG TOL OCTNHOTOS MG TOGOGTO TNG TPOYUATIKNIG TIUNG TOL ekatootnuopiov. Ta
OTOTEAEGLLOLTO, TOV TEPAUATOV TPOGOUOIMONG OeiyvouV OTL 1 €YKLPOTNTA TOV EKTIUNOEVTOG
OCLUTTOTIKOD SIOGTALOTOS EUTIOTOCVVNG e&opTatal amd to péyebog tov delyparog, to
uéyeboc tov ouvviedeot] avtoovoyétione 17 taEng ko v T TG 0fpoloTIKAC
mBoavotntag P tov ekatoomnuopiov. Téhog dievepyeitoan epappoyr g pebodoroyiog
EKTIUNONG TOV OCLUTTMOTIKOD OLICTIUOTOS EUTIGTOCVVIG OTN OCEWPA TOKVOTHTO TV
EKTOUT@V 010(E1010D TOL avBporo oty EALGda Yo ta €11 1961-2010. v epoppoyn ot
oyoMdaletar M €yKLpOTNTA TOV EKTIUNOEVIOV OAOTNUATOV EUTIOTOGVUVNG PACEL TV
ELPNUATOV TOV TEWPAUATOV TPOCOUOIMONG OVOPOPIKA HE TIC TIHEG TOV VO TAPATAVED
GTATIOTIK®OV KPLUTNpiov.

Aé&erg Kherona: Exatootnuopia, meptPailoviikd dEG0UEVA, VITOJETYUATO YPOVIKDV
CELPDV, OLOCTNUOTO EUTIGTOCVVNG,.
Kowéwoi JEL: C13; C22; C53; Q50; Q54.

*H peAétn avth éxel AdPet xpnpatoddmon amd to mpdypappe «GHGSMETI", oto mlaicia tov
épyov dpdomg « ZYNEPI'AXIA 2011» pe kodkd apBud épyov 11SYN 8 118 kot vmootnpileton
a6 10 Evponaikd Tapeio [lepipepelakng Avamtoéng kot ond EAlnvikoug EBvikovg T1o6povg. To
Kelpevo ex@palel Tig amOYELS TV GLUYYPUPEDV.

R A
*

*
*

/ EMIXEIFHMATIKOTHTA
- E=mEa ENAN I

e t
o A
EYPOIATKH ENQIH
EYPOMN ATKO TAMEIO nmepIpEpeia oTo NG avamTuEns
MEPIDEPELAKH I ANANTYZHI
Ymoupyecio MaiSeiag xal © PproKEUHaET e
EYAE-ETAK

E. M. AvtoywwvioTiKSTNTa Kol Emuxsipnpuoatikdtnta (EMAN 11), MEMN Make8ovioag — @pdkng, MEM KpRtng kot Njcwv Awyaiou, MEM
O=scocaldiag — ITepedg EAAGSac — Hteipouw, MNMENM ATkAg
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1. EIZATQI'H

H xotookevn O00TNUATOV EUTIGTOGUVIG Y10, EKOTOCTNUHOPLO. OTOTEAEL TAEOV
Oepatikny €pevvog pe avéavopevo evowpépov. 'Hom €xet avayvopiobel otn debvn
Biproypapion N avoyKoldnTo TG EKTIUNONG EKATOCTNUHOPI®V GE GEPEG HeyebmdV oL
aPOPOVV SAPOPES KOWVMOVIKOOIKOVOLIKEG UETAPANTEG OTMOG TO OIKOYEVELNKO ELGOOMUA, 1|
eEEMEN TOV PAPOLE KO TOLG VYOVG TV VEOYEVVIT®V TodldV KA. EmmAéov, ol ekTiunceig
TOV EKOTOOTNHOPIOV TailovV GNUOVTIKO POAO GE OTOPACELS TOV TPENEL Vo ANPOBoLY 6TV
AoKNON EMYEPNUOTIKNG TOMTIKNG. ¢ TAPUdEIYHOTO OAVOPEPOVLE TOV TPOCIOPIGUS TV
AoQUMOTPOV GTO KLU0 OGPUAEIDYV, TN UETPNOT TNG EYKLPOTNTOG 0 OEHOTO UNYOVIKNIG,
TOV TPOGOIOPICUHO TNG TOoOTNTOG TopayyeAioc 1 Tov onueiov ovomapoyyeliog o€
VIOdElyHOTO AmOOEUOTIKNG TOMTIKTG newsvendor Kot VITOdElypLaTa GuVEXOVG ETBED PN ONG,
KOl TOV TPOGOOPIGHO TNG CLOMPEVTIKNG KavoTnTog (assimilative capacity) o€ vodetypora
dwyeipiong tov mepPdriovtog. Ewdwkotepa, otov topéa tov mepiPdAiovtog, €ivar moA
ONUAVTIKO Vo avoALBODV 01 EMITMOOELS TOV SPOPOV TEPPAAAOVTIKOV TOATIKOV GE
EEXYWPLOTA EKOTOGTNUOPLO. TNG OPLOKNG KOTAVOUNG TG VIO eEétaon mePPUAlOVTIKNG
HETAPANTNG amOQEVYOVTAG TO TPOPANUOATO TTOV OVOKVTTOLV Omd TN YPNOoN TOL HEGOL
aplOUNTIKOD O LOVOSIKNG GTATIGTIKNG TOPAUETPOV.

"Evog onpavtikdg apbuog epyaciov £xet 10M epgoviotel otn debvr Piloypapio
TaPOLGLALOVTOG OLOOIKOGIEC OTATIOTIKMV EAEYY®V Kot HeBOOOVE KATOGKELNG SLOGTNUATOV
EUMIOTOCUVIG Y10 EKATOCTNUOPLOL OTAV 1 TANOLGHIOKY KOTOVOUN Yot TNV VIO HEAETN
petapAnt eivarl dyvoorn. H mo cvvnbng mpocéyyion sivar n Beperoon amopopeTpikev
(distribution-free) SCTNUATOV  EUTIGTOGVUVNG  YPNOUWOTOIOVTIOG TN OXECT  UETOED
ekatootnuopiov kot ddtaéng (ordering) kou kotdtaéng (ranking) TV mopatnpnoemv
(Gibbons and Chakraborti, 2003. Chakraborti and Li, 2007). And tv dAAn mwAevpd, 1
nébodog Bootstrapping oamotedel onNpEPE UL ONUOVTIKY]  EVOALOKTIKY] TPOGEYYION
avanTLENG  OMOPOUETPIKOV — OlOTNUATOV — EUTIOTOCUVIG YO0 €KOTOGTNUOPLOL
EKUETOAEVOUEVOL TN SVVOUN TOV MAEKTPOVIKAOV VITOAOYIGTOV KOl TIG OLVATOTNTEG TOV
dtvouv 1o dbpopa gumopikd vroAroylotikd mokéto H/Y (Efron and Tibshirani, 1993).
Emiong, pia GAAn mpocéyylon e&oymyng eKTUNTOV yuo. ekatootnuopla Paciletor otnv
OPIGTOTOINGY] HOG GUVAPTNONG OMOAEL®V omdALTOV ceaiudtov (absolute error loss
function) ¥pPNOYOTOIOVTOSG OTAPAUETPIKEG GUVUPTNOEL TLUKVOTNTOG TOUVOTNTOS HE TO
€KOTOOTNUOPL0 VO EKPPALETOL G TO AOPOICHO OGS TOPAUETPOV BECTG KO TO YIVOUEVO LLOG
otafepdg emt o mopapetpo KAlpakag (Keating 1983; Keating et al., 2010).

Avtifeto. pe Tto mopomAved, M eKTipnon  SloTNUATOV  ETOTOGVUVIG  Ylol
€KOTOOTNUOPIO. VIO TO TACIGLO HIOG TOPOUETPIKNG TPOGEYYIoNG £xEl AGPel péExpL TP
pkpd gpevvnTikd evolopépov. TTo ovykexkpuéva, évag Hkpoc aplBpdg epyoacidv Exet
napovctloctel otn oebvn Piphoypagio vroBétmviag 0Tt | Katavoun g vrd eEétoom
peTafAnTg  elvar 1 KOVOVIKY] HE  AYv®OOTO HECO  KOL  (yv®OTI  OLOKVUOVON.
XPpNOOTOIOVTAS TO KPP0 TNG OMOTEAEGUOTIKOTNTOG TNG €yyvTnNTog Katd Pitman
(Pitman-closeness efficiency) ot Dyer et al. (1977) ékavav cOykpion d0pOp®Y EKTIUNTOV
Yl eKATOoTNHOPLO [HeTalh Tov ekTyunToVv Tov e€etactnkay NTav ot Maximum Likelihood
(ML), Minimum Variance Unbiased Estimator (MVUE), kot Best Invariant Estimator
(BIE]. Ot Bland and Altman (1999) eényayov éva GORUETPIKO S1AGTNLO EUTIOTOCVVNG YO

1° Havelivio Zovédpro Owovopkng tov ducikmv [Topwv kat Tov IeptBdiiovtoc:
Khpotwikn AAloyn, Borog 26-27 Moptiov 2014
168



ENVECON 2014

NVECON 2014

EKOTOOTNUOPIO.  YPNOULOTOIOVTOS  WOWOTNTEG TMOV  KOTOVOU®MV  OEYUOTOANYING  TOV
OEIYLOTIKOD HEGOL KO TNG OELYUATIKNG OLUKVLLOVOTC.

2tV éktaon g yvoong pog ent tov 0épatog, ot Chakraborti and Li (2007) ftav ot
TPMTOL TOV SEVIPYNCAV GLYKPIGELG TNG EYKLPOTNTOG HETAED dlapOpv peBdOdmV exTipnong
SWOTNUATOV EUMGTOGOVIG YlOL EKOTOOTNUOPLO, OTOV 1) KOTOvoun Tng vmd e&Etaom
peTaPANTG eivarl M KOVOVIKN HE Ayvmoto HEGO Kal Ayveootn olakvpavor. Extoc twv
dloTnUdTOV EUMGTOcVLYNG Ta. omtoia cuvdEovtar pe Tovg ektiuntég ML xor MVUE, oty
HEAETN OVTN SLUTEPIMNEONKaY TO dtaotinpo EUmoToovvng PacilOUeVo GTOV TPOCSTUIKO
éleyyo kol 1o Odotnuo TPOPAeyNng TG €K TV votépwv Mmevviiovng (Bayesian)
avdivong. Qg KpLmpla Yo, TIG CLYKPICELS AVTEG, Ol GLYYPAPEIS YPNOLUOTOINCAY TIG TYES
TOV TPAYUATIKOD EMITEIOL  EUMIOTOOLVNG (KOAOVHEVO Kol G KAALY™M) KOl TOV
OVOLEVOLEVOL TTAATOVG TOV OCTNIOTOC TIG omoieg 1 kKOs pébodog emtvyyave. Bacel twv
KPUINpiov ouTtdv ol GuYYPaPels Bempodv ¢ KOA| €TAOYN TN XPNON TOV SOCTHUATOV
EUTIOTOCVVIG TEMEPACUEVOV OELYUATMV OV cuvdEovTal pe Toug extiuntés ML koaw MVUE,
OTOV Yl LEV TO TPATO EKTIUNTN XPNOOTO0VVTAL Ol KPITIKEG TIUEG TG student-t , evd Yo
tov ekTiun ™ ML ot kpitikég Tiéc tng non-central student-t.

Me ) Katavour g vo e€€taon HETAPANTNG Va €ival 1 KOVOVIKY| LE AyV®OTO HEGO
Kot dyvootn dtakvpaver, ot Donner kot Zou (2010) mapovoiacay po péB0do KOTUoKELNG
OCVUUETPIKAOV  SOCTNUATOV  EUMIGTOGOVIG XPNOIULOTOIOVTOS TN MEB0dO  avaKTnong
extiunoemv owakvuavong (Variance Estimates Recovery). Eniong oto mAaicia ektipnong
g Gp1oTNG ToGOTNTOG TopayyEAiag o VITodelypata amofepaTikng ToAtTikng newsvendor o
Kevork (2010) e€nyaye 10 aoVUTTOTIKO SLACTNUO EUMIGTOGVLVNG TOL ekTiunT ML. Té\og,
Bewpavtog £va dtaypovikd detypo {TNoNg He TV 0pLok KOTavour va ival 1 ekBeTikn, ot
Halkos o Kevork (2013a) e&nqyoayav exktiunt o omoiog dtuceaiilel 6Tt 1 mbavotnta M
EMOUEVT XPOVIKA TOPATHPNOT VO Elval HIKPOTEPN TNG GPLOTNG TOGOTNTOG TOPOYYEALNG VO
toovton pe v afpototikn) mbavotnto P tov exatootnpopiov.

H Baowm opmg vrdbeomn mov €yive oe OAeg TIC Tpoavapepbeioes epyacieg NTav OtTL
ol mopaTNPNoES oT0 delypa dapoppavovtor avesdptnra petald tovg. [Mapoia ovtd
pmopel vo vapEovV TEPIMTOGELG LETAPANTAOV Yo TIG omoieg N €EEMEN TOV TW®OV TOVG O
Evav oLYKEKPIUEVO Ypovikd opilovia va eppavilel avtocvoyétion. Mia tétowo petafAnt
TapoLGIALoVE OTNV gpyacia avth omd T0 y®po ¢ Owovopkng Tov [epipdiiovtog mov
etvat «n worvoTHTO TV EKTOUTOV d10&E1diov Tov avBpoka (CO; oe KIAG ava, 16000VouO KiLO
retpelaion) omqy EMddor™ . "Exovtag dt00éoieg g TG TG HETaBANTAC ovThG Y100 TaL €T
1961-2010, 1 epappoyn KOTAAANA®Y GTATICTIKOV EAEYYMV LOG 0OMYEL GTOV 1IGYVPIGHO OTL O
OTOYOOTIKOG VOLOG YEVVNONG TOV TILAV TNG HETOPANTNG awTng givan 1 To otdolpo AR(1) 7
10 otdopo ARMA(]L,1). Mg Bdon ta gupruoto auTd, 6TV EPYNCIO QVTN TPUYHOTEVOUOCTE
YL TPAOTN Qopa OEHOTA EKTYNTIKNG TOV EKATOCTNUOPI®V OTAV O OTOYOOTIKOG VOUOG
YEVVIIONG TOV TILOV TNG UETAPANTNG €IVOL 1] YEVIKT YPOUUIKY] GTOYXOGTIKY 0vEMEY, EO1KEG
TEPMTMOELS TNG 0Toiag amotelovv ta otdoio AR(1) kot ARMA(L,1).

[To ovykexppéva, yoo v ektipnon tov 100xPy, ekatostnpopiov ypnoipomotodue
TOoV kTN peyiomg mbavoedvewag (Dyer et al., 1977) o omolog amotelel YPOUUIKN
oLVAPTNON TOL OJEYUOTIKOD HEGOL KOl TOV EKTIUNTH MHEYIOTNG TOAVOPAVELDS TNG

33 IInyf tov dedopévav  World Bank.
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detypotikng dtaxkvpavone. Mo tov extyunt peyiomg mbavoedvelag (ML) tov 100%Py,
EKOTOOTNUOPION €EAYOVUE TNV ACLUTTOTIKY TOV KOTOVOUT 0td TNV omoio AapBAavoupe to
aVTIOTOO OCVUMTOTIKO SIICTNUO EUMIGTOCVUVIG. XTN GLVEXEW, Yoo TV &&€tacn g
geykvupoOTNTOG 1TNG EKTIUNONG TOL SWCTAUOTOS ovToD o€  TEemepacuévo  dsiyuata,
ypnoponmolovpe othoipeg oelpés amd to AR(1) kot ARMA(1,1) 11g omoieg mapdyovpe pécm
npocopowncemv Monte-Carlo.

XPNOUOTOIDOVTOS TIC ONUIOVPYNUEVES OVTEG GEPEC, N HEAET NG €YKLPOTNTOG
dtevepyeitar voAoyilovtag Yoo SlaPOPETIKOVS CLVOLOGHOVS HeYEOOLG OelylaTog Ko
aBpo1oTikig TOAVOTNTOG TOV EKATOGTNLOPION TIG TIHES SVO GTATICTIK®V Kprtnpiwv: (o) Tov
TPUYHOTIKOD  EMTESOV  EUMIGTOGVUVNG, Kot (B) TOL OVOUEVOUEVOL MUL-TAGTOVS TOV
SLGTALOTOG O10POVIEVOL UE TO TPAYUOTIKO HEYEDOC TOL EKOTOGTNUOPIOL. ATO TIG TUHEG
TOV dV0 QLTOV GTATICTIKMOV KPUTNPIwV SOTIGTOVOLUE OTL 1| EYKVPATNTO TOL EKTIUNOEVTOC
OCLUTTOTIKOD OLOCTHUOTOG GE memepacuéva deiypota e€aptdral and 10 péyeboc oL
delypatog, amd T HopPr Tov o6ToYaoTIKoV vrrodetypatog, AR(1) 1 ARMA(1,1), mov yevva
TIG TWEG TG HeTAPANTC Otav Ta dVO avTd vmodelypata €xovv Tov 1010 GLUVIEAESTN
avtiocvoyétione 1™ taéng, kot amd v adpoilotikn movoTHTA TOL EKATOGTNIOPIOV.

H epyocio avt) «xAeiver pe epappoyn ¢ pebodoroyiag extiunong tov
OCVUTTOTIKOV SGTNUATOV EUMIGTOCOVIG Y10 EKATOGTNUOPLO 6TV dabéoiun oelpd amod
10 Y®po TG Owovopukng tov [epiPdirovtoc. Edikdtepa, EKTILOVTOG TO SIOGTALOTA QLTE
YU EKATOCTNUOPLOL TTOV OVOPEPOVTOL GTNV TLKVOTNTO TOV EKTOUTMOV OL0EEBIOL TOV
avOpaka onv EAAGSa v mepiodo 1961-2010 yio SapopeTikés TWES TG aBPOIGTIKNG
mBovotrag P, oyxyohdlovpe v eykvpdTTO OWTOV PACEL TOV ELPMUATOV TOV
amoktOnkav omd T defaymy Tov mpocopoliwoemv Monte-Carlo avoaeopikd pe Tig
VTOAOY1G0EI0EC TIHES TV VO TAPOUTAVE® GTATICTIKOV KPITNpiov a&loAdynomng.

Me Bdom ta mopondve, To VITOAOWTO TG £pyaciog avtng dopeital og e€Ng. XT0
EMOUEVO  TUAHO  €EAYOLUE TNV  OCLUATOTIK KoTtavoun Ttov ektyuntm ML 1tov
EKOTOOTNHOPIOV Ko STVOVUE TN YEVIKT HOPON TOV OVTIGTOLYOV OICLUTTMTIKOD S1OLGTHLOTOG
eumiotoobvne. E&edikedoelg e yevikng ovtig Hopeng €EAYOvVIOL Yoo TO OTOCLUO
vrodetypota AR(1) kot ARMA(L,1). 1o 1pito TUNMO. OUTIOAOYOVUE HEC® EQOUPUOYNG
KOTAAAMA®V GTOTIOTIKOV EAEYY®OV OTL 1 GEPE MOV OVAPEPETOL GTNV TLKVOTNTO TMV
ekmoundv  Atoéewdiov tov AvOpoka otmv EAAGSa v mepiodo 1961-2010 €xst wg
GTOYOGTIKO VOUO Tapay®YNG TV TIH®OV TG N T0 otdoipo AR(1) 1 to otdoipo ARMA(L,1).
‘Exovtag dwbéoipeg Tig €EEIOIKEVUEVEG HOPPES TOV  OCLUTTOTIKGOV  OlUGTNUATOV
EUTIOTOOVVNG EKATOGTNHOPIOV Yo To. 000 avTd otdolpo vrodelypata, oto oo Tunua
EKTILOVLE TO OOLUTTOTIKG OOOTHUATO Yo OLPOPETIKEG TIMEG NG  0OPOIGTIKNG
mOoavoTNTaG TOL ekaTooTNUOpion. O EAeYYOC TG EYKLPOTNTOS TOV EKTIUNOEVTOV OVTOV
dwotnuatwv devepyeitarl péocw mpocopoidoewv Monte-Carlo oto tétapto Tunqua. Térog
o010 méumto Ko terevtaio Tunpa g epyasiog cvvoyilovye To MO CNUOVTIKG EVPTIHOTO

™G HEAETNG QWTNG,.
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2. AXYMIITQTIKA ATAXTHMATA

‘Eoto 611 daypovikr eEEMEN g vtd PEAETN HETAPANTNG TTEPYPAPETOL AT TN
YEVIKY] YPOUUIKY] avEMEN,

X, =H+ZWSSH> (1)

s=0

OOV Z:io‘\p j‘ <00, Kot {et} aveaptnreg TuYaiEG LETUPANTES KOTOVEUOUEVES (OC N(O, 02).
Me Vv 0ploKY| KOTOVOUY TNG {Xt} va glvai N(O, yo), 10 100x P, exatoomnuoptd g Ha
dtvetan amd ) oxéon K, =p+ ZP\/Z , 0mov Z, givo n Tiun g avticTpoeng cuvapTnong
a0po1oTIKng KOTAVOUNG TG Z ~ N(O,l) vroloylopevn oty abpototikny mbavotnta P.

I v extipnon tov exatootnpopiov K, Oa xpnoipomombel o «puepoAnmtikdey eKTUNg
peyiomg  mbavopdvelog KP =X+Z, /7, » omov X= Z;Xt / n Kot
Y, = Z; (Xt —X)z / n. To aroteléopata TOV TOPOKATO dVO ANUUATOV Vol omapaitnTo

oV avaivon mov o axolovOnocel yio TV €EAYOYN TOV OCLUTTMOTIKOD OLOGTIUATOG
EUTIOTOGLVNG Y10 TV Tpoypatikh tipn K, .

Afqppa 1: Eav X, =p+ ZWSEH , Omov Z:io‘\yj‘ <o, UE {at} va glvar oveEapTnTeg
s=0
Toyoiec LETAPANTEG KATAVEUOUEVEG ®OG N(O, 02), TOTE:!

(o) Jn (i - u) OCLUTTOTIKO aKOAOVOEL TNV Kavovikn kotavoun pe péso 0 ko

dakvpoven vy, Zps , Kol

§=—00

B Jn (§,-v,) oocvumtoTcd axorovbel ™V Kavoviky kotavop pe péco 0 ko

Srakopdvon 2y Y p?l,

, . , . th .
omov p, etvat 0 GLVTEAEGTNG OVTOGVGYETIONG S TAENG.

Amnéoeien: Biéne oto [Topdptmpua.

Afppa 2: Bav X, =p+i\|/sgt_s, omov Z:io‘wj‘<oo, pe {st} va gtvor oveEdptnteg
s=0

Toyaieg HETAPANTES KATAVEUOUEVES OOG N(O,csz), 101 Yoo omolodnmote péyebog detyparog n

cvvdwakvpaven tov X, and 7, eivol undév.

Amooeién: Biéne anddeién IIpotaong 2 oto [Mapdptnua tov Halkos and Kevok (2013b).
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Bdoer tov  amoteAecpdtov T@V OLO  mOPATOV®  ANpPATeV, TO  SOVUCUO
Jn [Y—u Y, —{(OI ACLUTTOTIKG oKoAovOel ) dyetafAnt) katovoun pe péco 0 ko
roop 0
HATPO SLOKOLOVONG-GUVOLOKDIOVETG X = i . AoBévtog tov P, 1oyvet
0 21

S=—00

eniong ot plimIA(P = plimX +Zp(plim§/0)0'5 = “+ZP\/Z =K,. Emopévag n epoappoyn
™G nebddov Aéhta (Knight, 2000, ceA. 149) odnyel otV OCLURTOTIKY] KOTOVOWY| TOV
oToTIoTIK0D vn (KP —KP), N omoio €ivol M KAVOVIKY] HE HEGO UNOEV Kol OLOKLUOVOT

L'-X.L 6mov
_|1
Xn:“ 2’ YO
Yo=Yo

00 2 4o
ka L'-X-L =y0{2ps +% Zpsz} Enopévag to acupuntotikd (l—a)IOO% dtoTno
k=—o0

eumotoovvng Yo o 100x P, exatootnpuoplo divetar amd tov THmo

K,
,Xn:u 8?0
Y

o=Yo

| K,
X

§=—00

2 4o

n +00 Z
Kpiza/z\/h(zpﬁ?" prl- )
$=—00 k=—o0

n

To dlopa epmioToovvng G (2) pmopel va eEE101KEVOETL Y100 EVOAAAKTIKA GTAGILOL
ARMA vmoodetypata. [Tapakdtm divovpe 000 YopaKINPIoTIKA TOPUSELYLATA.

Mopadsrypo 1: To otdopo ovtomadrivopo cyfpa 1°° Badpov, AR(1).

To wvndderypo ovtd €xet ™ yeviky popeny X, = u+(|)(XH —u)+ €, ME |¢| <1,
y, =c°/ (1—(1)2), ko p, =0 (k=0, 1, 2,...). Ocwpdvtag 6Tt 1 avélén &xel Eekvioel 6To
Hokpuvoe moperdov, ko aviikadiotovrag dadoykd Y Y, ;, Y,.,, Y. 5, ..., 70 AR(1)
Aopfaver T popef TG YevIkNg ypappukng avéMéng g oxéong (1) pe y; = o' . Emmiéov

oyvEL OTL

0 0 2 2
Zps=1+—2¢ =—1+¢ Kol pr=1+ 2¢2=1+¢ .

1—¢ 1_¢ §=—0 1_¢ 1_¢2
Enopévag 1o dtdomua epmiotootving oty (2) yia to AR(1) e€edukevetan o
2 2
K,*z,, Yo[1¥p +Z—Rl+pl2 , 3)
n{l-p, 2 1-p;

KaBmg woyvel p, = 0.
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Hoapaderypa 2: To otdopo ko avriotpéyipo oyqpe ARMA(L1).
To vrddetypa avtd £xel T yevikn popen X, = u+(|)(XH —u)+ g +0¢_,, ue |(|)| <1, |0/<1,
1+0°+2¢0 , (1+00)(¢+0) -
=—0", =21 7 Kol = w k=2, Osopdviac 01l
Yo ¢’ =6+ 200 P=0"p ¥ povrog Ot 1

avéMEN éxel Eexvnoel oto pakpuvd mapedbov, o Harvey (1993, cel. 26) delyvel 0Tt t0O
ARMA(L,1) AapBaver m popen g yevikng ypappkng avéMeng mge oxéong (1) pe vy, =1,
=0+0, xa y, =y, , yio k >2. Emmiéov o000V 01 TapaKATO GYECELG

S =120, /(1-0)  ww Zps—1+2p1( v°).

§=—00

Emopévmg 1o dtdotnua eumiotoohvng otV (1) v 10 ARMA(1,1) e€etdikeveton og

2 2 4
Rtz [Tel14 2P Zefy, 2P || @)
P 0/2 2 2
nl p=p; 20 PP

HETG TNV aVTIKATAGTACT) TOV ¢ amd T0 AdYo p,/p, -

3. EDAPMOTI'H XE NIEPIBAAAONTIKA AEAOMENA

Mo ta €t 1961-2010, to Adypappa 1 mapovctalet ™ dwaypoviky e£EMEN g VO
uerétn meptPorrovikng petafintng, X, , mov eivor n mokvomTo TOV EKTopn®dv Atogediov
tov AvOpaka (CO,, og KIAMG ava 160d0vapo KIWO Ttetpedaiov) otnv EAAGSa. o tov Eleyyo
™G oTacIUOTNTAG TNG GEPAS, epaprooctnkav Eleyyolr ADF, ta amoteléopata twv omoiwmv
noapovctdlovtar otov Ilivaxa 1. ‘Exovtog o¢ ave&dptntn petofint) mv AX, kot og

EPUNVELTIKES, EKTOG TOV oTafepov Opov, T petafint X, ,, ™ petafinty xpovikng téong,
t, Ko TG PETOPANTEG YPOVIKOV voTEPNOEMY S10POopdV AX, i, EVOAMIKTIKEG EEI0MOELG

ekt Onkav yu j=1,...,10. H xprion tov kprmpiov Schwarz 8881&8 ot oty ektiuneica
eEloon dev mpémer vo. ypnopomomnBodv UETOPANTEG YPOVIKOV VOTEPNGEMV OLOUPOPDV.
Xopig ™ ypron tov pHeETaPAnTdvV ovtodv, N extiundeico egicmon mapovcialeTal oTov
[Tivaxo 1 o¢ extyumBév Yrodetypa 1. TMapatnpovpe Opmg, OTL GTO VTOJELYHO OVTO O
OLVTEAEGTNG NG UETAPANTAG YPOVIKNG TAONG £lval LN OTOTIOTIKG CNUAVTIKOG GE EMIMESO
5%. Xopig ™ petafAnt) ypovikng taong, n véo ektundeica e&iocwon mopovoialeton
emiong oto Ilivoka 1 og extyun0év vroderypa 2. Tapdia avtd, YPNOYLOTOIOVTING EiTte TO
ek 0év vodetypa 1 eite 1o exkTunO€v vIoOdEypo 2, TOPATNPOVUE OTL GE EMIMESO
OTATIOTIKNG onpavTikdmrag 5%, n vrdBeomn g povadwaiog pilag amoppintetal, yeyovos 1o
0mo10 oG 0ONYEL VoL IGYVPLETOVHE OTL 1 VIO HEAETN GEPd €lvat oTdoLun.

Yta Atoypdppoto 2 Kot 3 mopovctdalovpe ovTioTotyo T GLVAPTNON OEUYUATIKNG
OVTOGLOYETIONG KOL TN GLVAPTNON OELYHOTIKAG MEPIKNG AVTOGLOYETIONS. Ot Hopeéc Tmv
JEWYHOTIKOV OVTAOV GLUVOPTNOE®V givol evoelkTikég gite Yoo vmdderypo AR(1) eite ya
ARMAC(1,1). Mg ) yprion ¢ pebddov OLS mapovstdlovpe TopaKdT® To EKTIUNUEVE dVO
aVTA VITodEtyaTa Le Ta p-values va divovton oTig TapevOECELS:
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Extympévo AR(1): 221.3 18230 +0.614890Y, ,+ €,
(0.0011) (0.0000)
6, =0.180552,

Extymuévo ARMA(1): 2 =3.402104 +0.782531Y,_, —0.285921¢, , + &,
(0.0000) (0.0000) (0.1706)
6, =0.179286.
Awdypappa 1: Awypovikny €£€MEN TG TUKVOTNTOG EKTOUTMV O10&Eiov TOL
AvBpaxa (CO,) (og KIAG avd 1c0dLVOUO KILO meTpeAaiov) otnv EAAGda TO
dtdotnua 1961-2010.

4,2

4,0

3,84

3,64

Xt

3,4

3,24

3’0 L T T T T T T T
1961 1969 1977 1985 1993 2001 2009

IMivekag 1: Anoteléopata otatiotikdv eAéyyov Augmented Dickey Fuller (ADF)

Constant term Time-Trend X ADF Test Value ADF p-value
Extym0év Yroderypa 1
Coefficient: 1.806002 -0.003701 -0.499376 -3.996764 0.0152
p-value: 0.0003 0.0815 0.0002
Extipn0év Yréociypa 2
Coefficient: 1.318230 -0.385110 -3.511855 0.0117
p-value: 0.0010 0.0011

[No mv mepartépw a&lordynon tov ektyundéviov AR(1) kor ARMA(1,1), ota
Swypdppata 4 kot 5 mopovotdlovpE TIC GUVAPTHOGELS AVTOCVGYETIONG TOV KATOAOITOV Yol
T dVo vrodetypata avtiototyo. EmumAéov otov [Mivaka 2 divovpe T amoTeEAEGHATO KO TIG
Tipég P (p-values) tov dwyvootikdv eréyyov Jarque-Bera yio kavovikotnta ko ARCH-
LM y1o avtomaAivdpoun vd cuvOnkn etepookedactikdtnta. Katapyds mapatnpodpe oto
00 Jtoypappate 0Tl KOVEVOS OELYHOTIKOS GUVTEAECTNG OTOGLGYETIONG TMV KATOAOITWV
dev PpiokeTon €KTOC TOV VO YPAUUDV 0plofétnong. Apa To GEAALOTO KOl GTO. dVO
vrodetypota epeavitovtal g acvoyétiota. Emmiéov ta p-values tov otatiotikov F kot

nR? divovv 1oyvpéc evdeifelc 010 vo amo@ovOollE OTL GTO. GEAAUATO TOV VO
vroderypdtov dev vapyel amotélecpo ARCH. To povo icmg TpofAno mTov avakvtTel 6To.
Katdhowma TV ekTiun0évTov 600 vroderypdtwv apopd T Twég P tov eAéyyov Jarque-
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Bera, ta omoio vTodetkvoouy 0Tl To GOAALOTO OEV OKOAOVHOVV Tn KOVOVIKY] KOTOVOLY.
[Moapora ovtd, eueig Bo mopapréyovpe to mPOPANUa avtd kou Bo cuveyicovue otnv
EKTIUNGOT TOV EKATOCTNUOPIOV KOl TOV OVIIOTOWY®V OCLUTTOTIKOV OlICTNHATOV
eUTIoTOoHVNG Yo TNV VIO e€€taom UeTAPANT OTAV 0 GTOYACTIKOG VOLOG OV TTOPAYEL TIG
Tpég avtg etvan gite 1o AR(1) eite to ARMA(L,1).

Avgypappa 2: Zovaptnon SyHOTIKNG
OVTOGLGYETIONG TNG HETAPANTNG X

1,0
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0,6

o\

0,2

|1 . e
0,0 ||||||||| |||||
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T T
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Avaypoppa 4: Xovaptnon SetylaTikng
QVTOGLGYETIONG TOV KATOAOIT®MV TOV
extiunpévov AR(1)
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Awaypappa 3: Zovaptnon Oy LoTIKNG
LEPIKNG ALTOGVGYETIONG TNG METAPANTAG X
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Awdypappa 5: Zovapton SetyHoTiKng
OVTOGVGYETIONG TOV KATOAOITOV TOV
extiunuévon ARMA(1,1)
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[No dwpopeticég Tipég g abpototikng mbavotrag P tov exatootnpopiov, otov
[Tivaxa 3 divovpe yio To SVO VITOSETYLOTO TIG EKTIUAOCELS TOV EKATOGTILOPI®MV KOl TO KOTM
Kol TOve 0plol TV 95% ACLUTTOTIKGOV JUGTNUATOV EUTIGTOGVVNG, Ol LOPPES TMV OTOImV
dtvovtan otig oyéoelg (3) kan (4). o v ekTiunon tov SErYHATOANTTIKOD COAALOTOS OTIG
V0 OWTEG HOPPEG TOV ACVUTTOTIKMV OLOGTNHATOV EUTLGTOGVUVNG, TO Y, OVTIIKOTOOTAONKE

amd TV eKTIENON TOVv ¥, , EV® Ol GUVIEAECTEG OWTOCVOYETIONG P, KOL P, EKTURONKOV

Bacel Tov tomov (Harvey, 1993, ceh. 11)

1° Havelivio Zovédpro Owovopkng tov Gucikmv [Topwv kat Tov IepiBdiiovtoc:
Khpotwkn AAloyn, Borog 26-27 Moptiov 2014

175



ENVECON 2014

> (X, X)X, ~X)
ﬁs — t=s+1 - , S:1,2.
3 (X, -X)
t=1
IMivakog 2: AmoteAéopato SlyvOOTIKOV EAEYYOV Y10, TO KOTAAOITO TOV eKTIUNOEVTOV
AR(1) kot ARMA(1,1)

Test Jarque-Bera ARCHpn(1)
F-statistic n*R2

AR(1)

Test statistic 65.93892 0.083217 0.086678
p-value (0.0000) (0.7743) (0.7684)
ARMAC(1,1)

Test statistic 49.63137 0.415192 0.429369
p-value (0.0000) (0.5225) (0.5123)

And v e&étaon tov otoyeiov tov Ilivako 3 dwmotdvoope ta €€ng: (o) Omwg
avapevotay n ovénon g abpototikng mbavotntoac P odnyel oe peyoddtepeg eKTUNOELG
vy 1o ekatootnuopo K, , xar (B) ywo 1o 600 vmodeiypoto, n oxetikn okpifeo v
SCTNUATOV EUMIGTOGVVIG UELOVETOL (dNANOT TO TAATOG TOV OOGTHUOTOS EUTIGTOGUVIG
G 1060670 Tov K, aw&dverar) pe tv avénon tov P.

IMivakoeg 3: EXTyunocelc yoo to. EKATooTNUOPLO TNG TUKVOTNTOG TOV EKTOUTMOV 010E€1010V
tov dvBpaxa (CO,, o€ KIAG avd 16000Vapo KIAO Ttetpedaiov) otnv EALGSa. [P 1 aBpototikn

A

mBavoTo ToV ekatootnpopiov, K, n ektiunon tov exatostnpopiov, LL kot UL ta wéve
Kot kdtow opa Tov 95% odwoctuatog epmotoovvng Yy 10 K, , kot REHL 1o fuov g

dwapopdac (UL-LL) dtoupoduevng pe KP ].

AR(1) ARMA(,])

P KP LL UL REHL LL UL REHL

0.2 | 3.256484 | 3.114648 | 3.398319 | 0.0436 | 3.069941 | 3.443027 0.0573

0.3 ] 3.331078 | 3.196283 | 3.465873 | 0.0405 | 3.152175| 3.509981 0.0537

0.4 ] 3.394817 | 3.263583 | 3.526050 | 0.0387 | 3.219751 | 3.569882 0.0516

0.45 | 3.424842 | 3.294440 | 3.555244 | 0.0381 | 3.250669 | 3.599015 0.0509

0.55 | 3.483941 | 3.353539 | 3.614343 | 0.0374 | 3.309768 | 3.658114 0.0500

0.5 ] 3.454391 | 3.324262 | 3.584521 | 0.0377 | 3.280511 | 3.628272 0.0503

0.6 | 3.513966 | 3.382733 | 3.645200 | 0.0373 | 3.338900 | 3.689032 0.0498

0.8 | 3.652299 | 3.510464 | 3.794135| 0.0388 | 3.465756 | 3.838842 0.0511

0.9 | 3.755749 | 3.599815 | 3.911683 | 0.0415 | 3.553718 | 3.957780 0.0538

0.95| 3.841180 | 3.670611 | 4.011749 | 0.0444 | 3.622853 | 4.059507 0.0568

0.99 | 4.001434 | 3.798314 | 4.204554 | 0.0508 | 3.746279 | 4.256589 0.0638

0.999 | 4.181062 | 3.936410 | 4.425713 | 0.0585 | 3.878137 | 4.483987 0.0725
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Kieivovtag 1o tuipa avtd, sivor afloonueioto vo Bécovpe dvo (nmuoata. To
TPMOTO aPOPE TN GVYKPION TOV OOCTNUATOV eUmoTocvuvng petaly tov AR(1) kot tov
ARMAC(1,1). Mia tétown oOykpion oto dgiypa tov 50 etdv dev glvar pikTn Yio dvo AdyougE.
O mpdtog eivor 0Tt 0 cvviedeotig Tov €, ot0 ekTiunBév ARMA(L,1) dev eivon omwg

QOIVETOL OTOTIOTIKG ONUAVTIKOG Pdoet pog Tiung Pty onoia dev yvopilovpe og moa Tiun
B drapoppwvoTay (pkpn 1 peyain) eav elyope Eva detypa apkobvimog peydro. O debtepog
AOYOG eivar 0 S1POPETIKOC EKTIUNUEVOS CUVTEAECTNG BLTOCLGYETIONG TPMTNG TAENS Yol TOL
dvo vrodeiypoto. ITo cvykekpluéva, ¥PNOLOTOLOVTOS TIG EKTIUNOeiceg TIEC TV ¢ kot O
OTOV aVTIGTOLK0 TOHTO TOV BEPNTIKOD GLUVTEAECTN OVTOGVOYETIONG TPDOTNG TAENS TOL KAOE
vnodeiypotog Oa moipvope yio 10 AR(1) p, =0.614890 war yuwo 10 ARMA(L1)

P, =0.607784.

To dedtepo (Mo apopd TV epunveia Tov KAOe SLUGTAIATOG EUTIGTOGHVNG Y10, TO
dapopetkd exatootnuoplo K, . H abpototikn mbavoémta P tov ekatootnpopiov apopd
YO T GLYKEKPWEVN oelpd mocootd e€tdv. Emouévog v P=0.80, pmopovue va
WoYVPLOTOVUE OTL €6V Ol €EMTEPIKEG CLVONKES SOUOPPOONG TOV TIUDV TNG OCEPAS
napapeivouv ot idec, oto 80% tov eT®v, pe mBoavotra 95% n TLKVOTNTO TOV EKTOUTOV
dro&ediov Tov dvBpaka Ba kopavOel petald 3.510464 kot 3.794135 oe KiAd avd 16od0vopo
KILO meTpelaiov oty mepintmon tov AR(1) ko peta&d 3.465756 kon 3.838842 kihdv yia
10 ARMA(1,1).

4. AIEPEYNHXZH THX EI'KYPOTHTAX TQN AXYMIITQTIKQN
AIAXTHMATOQN EMIIIXTOXYNHX

Y70 TUNUO VTO EAEYYOVUE TNV EYKVPOTNTO TOV KOTOOKEVAGHEVTOV Sl0oTHATOV
EUMIGTOGVVNG YOl TIG TTPOYUOTIKES TIUEG TMV EKATOCTNHOPIOV TNG OPLKNG KOTOVOUNG TV
eKToUTOV S10EEd10V TV AvOpaKa, OTOV O GTOYUCTIKOG VOUOG TOL TTOPAYEL TIG TIUES TNG
OLYKEKPIUEVNG HETAPANTYG Tteptypdoetan gite amd 10 otdoipno AR(1) eite and to oTdcL0
ARMAC(1,1). H diepevvnon avtn dtevepyeiton viwoAoyiloviog To TopakidTe 6V0 GTUTITIKA
kpunpua o€ 20000 oepéc otdopwv AR(1) ko og 20000 oepég otdoipwv ARMA(1,1) ot
omoieg mapnydncav pécm mpocwpoidcoemv Monte-Carlo:

(a) Kdivyn (Coverage) mov delyvel 10 TPayHaTIKO EMIMESO EUMIGTOGVVIG TOV EMTLYYAVEL
0€ MEMEPACUEVO OETYLLOTA TO EKTIUNUEVO OACVUTTMOTIKO SLAGTNLO EUTICTOGVVIG, KOl

(B) XyeTwk6 Avapevopevo Hpr-mhdrtog tov dwnotiuatog (Relative Expected Half-Length,
REHL).

Ag onuewmbel emiong 6t n yevwnTpla Tuyoimv aplBumv Tov ypnoloromnke kabmg Kot M
pnéBodog  mopay®yYNS TLYOM®V  TIWOV  OmO TN TUTOTOUUEVY]  KOVOVIKY  KOTOVOUN
neprypdopovror otov Kevork (2010).

H eniioyn tov tapapétpov yio ta vrodetypata AR(1) kot ARMA(1L,1) éywve Baoet
dvo apydv: (o) H oprakr| kotavoun g vwd peAétn petafAntig va £xel Tov 1010 6TAGIUO
uéco pu=100 kot v dwa dokvpovon y, =400, kot () 0 CLVTEAESTHG AVTOGLGYETIONG
1" 1ééng va €xel T 1810 Tiun ko ota Svo vrodeiypata. Me Bdon Tic dvo oTéC apyic, ot
TIEG TOV TOPOUETPMV Y10 TAL OLO LITOJETY LA vl O EENG:
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p, =0.56
AR(1): $=0.56, o>=274.56
ARMA(1,1): $=03, 0=04, o>=260

Mo mv enitevén otacipudmrog o€ kébe o and T1g 20000 Tpocopolwpéves oelpés amd 10
KGO vodetypa, N T X, mapiydn and ) otdoiun oplokn Korovoun N(100,400), Ko
emmAéov yio. to ARMA(1,1) n apycn) Tipn &, mapfydn and v Katavour TV GOaAUATOV
N(0,260). 21N oLVEKELD, 1] SLEPEVVNOT] TNG EYKVPOTNTAG TOV EKTIUNOEVTIOV OGLUTTOTIKOV
SOTNUATOV EUTIOTOGUVNG, OTMG 0T divovtal otig oyéoelg (3) kan (4), devepynonke yio
SLPOPETIKOVS GUVOLUGLOVG HEYEOOVG OEIYIOTOG KO SLOPOPETIKEG TIUEG TNG 0OPOICTIKNG
mBavotntag, P, Tov exatootnuopiov. Ewdwotepa, yo kébe po amd tig 20000 mapoybeiceg
oelpéc amd 1o KAbe voOdEyHa, Kot Yoo kKabe éva cuvdvacud peyébovg deiypatoc, n, Kot
afpototikng mbavottag, P, ektyumbnkov 10 €KaTooTNUOPLO, TO SEIYUATOANTTIKO GOAALN
TOV JLOCTNLOTOG EUTIGTOGVVTG, KOL T OPLOL TOV SLOCTHLOTOG EUTIGTOGVVIG.

Me Baon 11g ekTipuoels avtéc, yor kabe Eva cuvovaoud n kot P, vmoloyicOnkav n
KédAvy”n ©¢ 10 T0cootd Twv 20000 dwoTNUdTOV EUMIGTOGHVIG TO. OOl TTEPLElyay TNV
TPUYLOTIKN TIUN Tov ekatootnuopiov, kot 1o REHL wg o péoog apiBuntikdg tov mut-
mAdtoug TV 20000 S100TNUATOV EUTIGTOGVVNG SLOPOVUEVOS LE TNV TPOYUOTIKY TN TOV
exatootnpopiov. H dwipeon tov avapevopevov Hut-mAdtovg tov O100THUATOC HE TNV
TPOYUOTIKN T TOL EKATOOTNUOPIOL KPIVETOL OvoyKoio Yyt Tn OSlcQAALoT) NG
OLYKPLOUOTNTOG TNG OKPIPES OOOTNUATOV EUMIGTOGVUVIG TOV KATOOKELALOVTOL Yo
drpopetikég TES tov P. Kot avtd yati pe v avénon tov P, avédvetor kat ) Tiu tov
EKATOOTNHOPIOL.

‘Eva mpofAinuo mov avékvye oe opiopéveg oetpéc amd 1o ARMA(L,1) frav 6t o€
yopnAd peyédn delypotog 1 ektipnon g S10KOILOVOTG TOV K pNtav apvntikn. Xto Iivaxa
4 divovpe tov aplOUd TOV GEPOV OLTOV Y10 SLOPOPETIKEG THEG Tov P. Tlapatnpodpue oti
Evag oNUOVTIKOG aptBog TETOIWV Gelp®V epeovileTon Yoo ToAD Yaunid peyeon deiyportog
™G Ta&emg TV S kot 10 Tapatnpnoemy, eved o aptBpog avtdg apyilet va yivetal apeAntéog
€mG Kot UNdeVIKOG Yo pey€dn detypatog ave twv 30 mapatnprioewv. EmmAéov, yio ta oAy
xopnAd peyedn delypatog, o apluds TV GEPOY aVT®V 0WEAVEL 0G0 PETAKIVOOUOOTE GTN
i P=0.50 ywo v omoia Aappdavoovpe to p€co aptfuntiko.

>t ovvéyewn Yo ta 0vo vrodeiypata AR(1) ko ARMA(L,1), Kot yioo ovoUaGTIKO
eminedo epmorocvuvng 95%, otov Ilivaka 5 divovpe Tic Tipég ™G KOAVYNS evd otov Tivaka
6 11g Tipnég tov REHL. T to ARMA(1,1), og younid peyédn deiypatog, ot tipég tov 600
OVTOV OTATICTIKOV KPLTNpimv vroloyichnkay mg HEcol 6potl TV apliUdV T®V GEPOV Y
TIG omoieg M extiunOeion daKOUAVOT TOL Kp ntav Oetikn. Amo ta otoryeio Tov Ilivaxa 5
JTIOTOVOVUE OTL G€ YOUNAG peyédn delypatog n kdAvymn eivor onpavtikd kpdTePN TOL
95%, evd pe v avEnon tov peyEBouvg tov delyuatog 1 ToLTNTO GUYKALONG TG KAALYNG
OTO OVOUOOTIKO EMMEOO EUMGTOGUVNG €ival oyeTik@ mo ypryopn oto ARMA(L,1).
Agybdpevor eniong Ot pe KaAvyn g taEemg v tov 90% oamotedel po amodekT
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TPOGEYYLOT TOV OVOUOGTIKOD EMMEOOV EUMIGTOGVVNG, €va Ogiypa 50 mapotnpioewv Kot
v SoPoAlEL TNV EYKLPATNTA TOV ACLUTTMOTIKOL SLOCTILOTOS EUTIGTOGUVNG. AvtifeTa
€AV YIVOLLE AKPMG OLGTNPOL GTNV TPOGEYYION QVTH Kot EMBLUOVUE KOADYELS TTY. Ve TOV
94%, 10t 1O Oamapaitnto péyebog detypatog etvan g tééng Twv 500 mapaTnpoE®V KAt
oV Omd TAEVPAG OEOOUEVOV TNG TPOYUATIKNG owovouiag eivar oadvvatov vo givat
dwbéaipo.

Mivaxag 4: ApBuog otdoipumv oeipdv ARMA(L,1) yia 11 omoieg 11 ACLUTOTIKY SLOKOUAVGT TOL
KP EKTIUDUEVT G€ TTEMEPACUEVA detypar etvar apvnTiky. [ZuvoAkdc aplfpog celpev Yoo GTACLO
ARMA(1,1) mov maprybnoav pécw mtpocopoidcemv Monte-Carlo itav 20000].

Méye0og Agiypatog

p1=0.56 n=5 | n=10 | n=20 | =30 | =40 | n=50 | n=60 | n=80 | n=100
ARMA(1,1) | P=0.2 650 119 14 3 0 0 0 0 0
P=0.3 806 100 8 0 0 0 0 0 0

P=0.4 921 87 3 0 0 0 0 0 0

P=0.5 997 85 2 0 0 0 0 0 0

P=0.6 921 87 3 0 0 0 0 0 0

P=0.7 806 100 8 0 0 0 0 0 0

P=0.8 650 119 14 3 0 0 0 0 0

P=0.99 | 367 178 39 5 1 0 0 0 0

MMivokag 5: KoAvyelg tov ekTunféviov 0COUTTOTIKOV JCGTHUATOV EUTIGTOCVUVIG Y10
ekatootnuopla oe 20000 otdoipeg oepég AR(1) and ARMA(1,1) mov mopniybnoov pécm

npocopoldcemv Monte-Carlo. To ovopactikd eninedo gpmotocivig eivar 95%
p1=0.56 n=5 | n=10 | n=20 | n=30 | n=50 | =100 | n=200 | n=500 | n=1000 | n=2000
P=0.5 |ARMA | 0.64| 0.78 | 0.86| 0.89 | 0091 0.93 0.94 0.94 0.95 0.95
AR 0.56 | 0.73 | 0.83 | 0.87 | 0.90 0.92 0.93 0.94 0.95 0.95
P=0.6 |ARMA | 0.64| 0.78 | 0.86| 0.89 | 091 0.93 0.94 0.94 0.95 0.95
AR 0.56 | 0.73 | 0.83 | 0.87 | 0.90 0.92 0.94 0.94 0.95 0.95
P=0.8 |ARMA | 0.64| 0.78 | 0.86| 0.89 | 091 0.92 0.94 0.95 0.95 0.95
AR 0.59 | 0.74 | 0.83 | 0.87 | 0.89 0.92 0.94 0.94 0.95 0.95
P=0.95 ARMA | 0.62| 0.76 | 0.85| 0.88 | 0091 0.92 0.94 0.94 0.95 0.95
AR 0.61 | 0.73 | 0.82 | 0.86 | 0.89 0.91 0.93 0.94 0.95 0.95
P=0.99 |ARMA | 0.61 | 0.74| 084 | 0.87 | 090 0.92 0.94 0.94 0.95 0.95
AR 0.60 | 0.72 ] 0.81 | 0.85 | 0.88 0.91 0.93 0.94 0.95 0.95

[Mapampavtog eniong ta otoryeia Tov [ivaka 6 PAEmovpe 6Tt Yo kdbe péyebog deiyparog,
to REHL e&ivan pikpotepo oto ARMA(L,1) o6tav o Oewpntikds ouvtereoTtng
avtoovoyétione 1™ 1aéng kot tov dvo vroderypudtov eivar o idwoc. Emiong, yio kdbe
vrodetypa, 1o REHL Baiverl petovpevo 660 avédvetar to P émg kdmoto Ty tov pHeta&d tov
0.6 ko 0.8, kot ot cvvE eI aVEAVETOL KOt TAAL.
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IMivokag 6: REHLs tov ektiunféviov ocupntoTiKOV SlocTNUATOV EUTIGTOGUVNG Yo
ekatootnuopla oe 20000 otdoipeg oepég AR(1) and ARMA(1,1) mov mopniybnoov pécm
npocopoidcemv Monte-Carlo. To ovopaotikd eninedo gpmiotocivng etvar 95%

p1=0.56 n=10 | n=20 | n=30 | n=50 | n=100 | n=200 | n=500 | n=1000 | n=2000
R=0.2 | ARMA | 0.1855 | 0.1601 | 0.1383 | 0.1116 | 0.0814 | 0.0587 | 0.0374 | 0.0266 | 0.0188
AR 0.1915 | 0.1716 | 0.1516 | 0.1246 | 0.0923 | 0.0669 | 0.0429 | 0.0305 | 0.0216
R=0.6 | ARMA | 0.1316 | 0.1141 | 0.0991 | 0.0802 | 0.0586 | 0.0423 | 0.0270 | 0.0191 | 0.0136
AR 0.1371 | 0.1246 | 0.1105 | 0.0910 | 0.0674 | 0.0489 | 0.0314 | 0.0223 | 0.0158

R=0.7 | ARMA | 0.1300 | 0.1126 | 0.0976 | 0.0789 | 0.0576 | 0.0415 | 0.0265 | 0.0188 | 0.0133
AR 0.1351 | 0.1221 | 0.1081 | 0.0890 | 0.0659 | 0.0478 | 0.0306 | 0.0218 | 0.0154

R=0.8 | ARMA | 0.1321 | 0.1140 | 0.0985 | 0.0795 | 0.0580 | 0.0418 | 0.0266 | 0.0189 | 0.0134
AR 0.1363 | 0.1221 | 0.1079 | 0.0887 | 0.0657 | 0.0476 | 0.0305 | 0.0217 | 0.0154
R=0.9 | ARMA | 0.1393 | 0.1195 | 0.1029 | 0.0828 | 0.0603 | 0.0434 | 0.0277 | 0.0196 | 0.0139
AR 0.1423 |1 0.1259 | 0.1110 | 0.0910 | 0.0673 | 0.0488 | 0.0313 | 0.0222 | 0.0157

R=0.99 | ARMA | 0.1647 | 0.1395 | 0.1194 | 0.0957 | 0.0695 | 0.0499 | 0.0318 | 0.0226 | 0.0160
AR 0.1647 | 0.1428 | 0.1252 | 0.1023 | 0.0755 | 0.0547 | 0.0350 | 0.0249 | 0.0176

Aoppdvovtog Aomdv vroéyn TG TOPUTAVEO OMIGTMOCES Y0, TIG OOTNTEG TOV
OCVUTTOTIKOV  OCTNUATOV  EUTIGTOCLVNG OTAV OLTE  EKTIUAOVIOL OE TETMEPUCUEVO
delypato, MUTOPOLUE VO 1OYLPIOTOVHE OTL TO OWCTNHOTO  EUMIOTOGUVIG Yo  TO
EKOTOOTNUOPIOL  TNG OPLOKNG KOTAVOUNG TMV EKTOUTMOV O10EEBTI0V TOL AvOpaka To omoin
d0Onkav oto mponyovpevo Tuqua givarl Eykvpa. Katapyds, PAETOvVTag 0Tl o1 ekTiuNn0EVTEG
ouvteleotég avtoovoyétiong 1™ 1ééng yio to dvo vrodeiypato eivarl oyeTikd Kovtd ot
) p, =0.56, pmopovue va oyvplotodie OTL 1 andAee €t TG % amd T0 OVOHACTIKO

eninedo gpmoroovvig 95% Ba kvpaiveron tepimov oto 5%.

EmumAéov, yua to kdBe vroderypa, ot petaforés mov mapatnpovvioan oto REHL o11g
TPOCOUOIOUEVES oepEg Otav av&avetoar to P givor akpifpdg ot ideg pe avtég mov
TOPOTNPOVVTOL OO TO TPAYLOTIKG OEOOUEVO TNG CEPAG TOV EKTOUTMV S10&EWiov TOV
avOpaka. To 611t 10 REHL gpopavifeton pikpotepo oto AR(1), avtd opeiletar oto yeyovodg
611 610 AR(1) 0 extiunBeic cuviedeotic awtocvoyétiong 1™ Taéng sivan peyalvtepog amd
Tov avtiotolyo cuvtedeot 6to ARMA(1,1). Téhog, kot ot dHvo ekTunBEVTO VITOdETyaTOL,
Ol EMITMCEIS TNG KN KOVOVIKOTNTOG TOV GOPUAUATOV TAV® OTNV €YKLPOTNTU TOV
SOTNUATOV EUTIGTOGVLVNG Oal TO TOPATELYOLLE G BEUN LEALOVTIKNG EPEVVOLG.

5. XYMIIEPAXMATA

Ymv gpyacio vt acyoAndnkape pe BEROTO EKTIUNTIKNG EKOTOGTNHOPI®V OTAV M
dwypovikn €EEMEN TG VO peAETN petaPAntg Kabopiletal amd Tn YEVIKN YPOUUIKY
avEMEN E0IKEG TEPIMTOOES TNG omoiog eivor ta otdowo vrodeiypato AR(1) ko
ARMA(1,1). Xpnowomolidvtag tov ekTunt) peyiomg mbavoedvelag, eEdyovpe tnv
OCLUTTMOTIKY TOV KOTOVOWY] KOl OIVOVLUE TN YEVIKY] LOPPON TOV OVTIGTOLYOV OGUUTTOTIKOV
SGTILOTOG EUMIGTOGHVIG YO TIV TPAYHOATIKT T TOV €KATOCTNHOPIoV. E1d1kéc poppéc
TOV OCLUTTMOTIKOV aLTOV dtocTaTog Tpape Yo ta otdotpa AR(1) kaon ARMA(L,1).
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Tnv eykopdTT TOL OCLURTOTIKOD OlOGTAUOTOC OTAV OVTO  EKTIUATOL OE
nemepoopéva oetypato eréyEape oe otdolpeg oepéc AR(1) ko ARMA(L,1) tig omoieg
napdyape péow mpocopoidoewv Monte Carlo. Ag onuelwbel €3 OTL 01 TOPAUETPOL TOV
V0 VTOJEYUATOV EMAEYONKOAV £TCL DGTE 1 OPLOKY| KOTOVOUN TOV VO VITOOELYUAT®V Vi
éxer tov 1010 péoco ko Vv dwo drakvpaven Kabdg kKot 0 BempnTikOG GLVIEAEGTNG
avtoovoyétiong 1™ 1aéne va eivar o dog ko icog pe 0.56. e ovVOUAOTIKO eminedo
gumotoovvng 95% Pprrope ot pe detypa TovAdyiotov 50 TapATNPNCEDV TO EKTIUNUEVO
SoTNUA EUMIGTOGUVIG EMTLYYAVEL TPOYUATIKO EMIMESO EUMIGTOGVUVNG TOVAd LIGTOV 90%.
Eniong pe v avénon g abpotoTikng mhavOTNTaG TOV GULVOEETOL UE TO EKAOTOTE
EKOTOOTNUOPLO TOPATNPHCAUE OTL TO AVAUEVOUEVO TAATOG TOV OLAUCTIHOTOC OLOLPOVUEVO LIE
TNV TPOYLOTIKN T TOV EKATOGTNHOPION GTNV apyl MELOVETOL KOt LETA ALEAVETOL, UE TO
eMdyioto va cvppaivel dtav n abpoitotikn mbavotta Bpicketor peta&y tov 0.6 kot Tov 0.8.

‘Exovtoc owBéotun 1 ogpd TOv avVOEQEPETOL GTNV TUKVOTNTO TOV EKTOUTOV
dro&ediov Tov avOpaka (CO,, og KIME ava 16000VVOUHO KIAO TteTpedaiov) otnv EALGSa amd
10 1961 ém¢ 10 2010 kot epoprdlovtog KOTAAANAOVS GTATIOTIKOVG EAEYYOVS KOATUANEAUE
OTL 0 GTOYOOTIKOC VOUOG OV €Yl TOPAYEL TIG TWES TNG METAPANTNG avTng givon gite To
otaowpo AR(1) eite 10 otdopo ARMA(]L,1). Zmv cepd avt epapuocape tn pebodoroyia
EKTIUNOMNG TOV OGVUTTOTIKOV SLOGTHUATOS EUMIGTOGVVNG dlvovtog Eexympiotd Yoo to AR(1)
kot Egywplotd Yo to ARMA(1,1) 1o kéto Kot Téve 6plo Tov EKTIUNOEVTOS OGVUTTOTIKOV
OICTILOTOG EUTIOTOCVUVIG YLl OLPOPETIKES TIUNEG TNG 0OpoloTIKG TOAvOTNTOG TOV
gkatoosTnopiov.

Amd ta evpiuoTo TOV EAEYYOL OEOMIOTIOG TOV EKTIUNOEVIOV OGVUTTOTIKOV
SOTNUATOV EUTIOTOCHVIG UECH TMOV TEPUUATOV TPOGOHOimong KotaAn&ope OTL Ta
SOTNUATO, EUTIGTOGVVNG Y10 EKOTOCTNUOPIL V1oL TNV VIO HEAETN HeTaPAnT givon £ykvpa.
To pévo mpdPAnpa mov avéKvye oIV €QAPUOYN NTOV 1M oxvpn £€voelEn g N
KOVOVIKOTNTOG TV 6QoApdtov oto ektiumévta AR(1) kor ARMA(1,1). Ze T éktaon 1 un
KOVOVIKOTNTO TV  CQOAUATOV  ernppedlel TNV €yKupotnto TV  eKTIUNOEVIOV
OCLUTTOTIKOV SOGTNUATOV EUTIGTOCVVNG G Oeiypata TovAdyloTov S0 Tapatnpioe®V Kot
pe pétpa eminedo avTocVoYETIoNS ¥PNieEL TEPALTEP® SlePELVNONC.
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Abstract

Climate change and agriculture are interrelated processes, both of which take place on a
global scale. Cyprus is already experiencing the impacts of climate change on agricultural
production with reduction in precipitation droughts and increasing temperatures.
Assessment of the effects of global climate change on agriculture might help to properly
anticipate and adapt farming to maximize agricultural production. The main aim of this
paper is to identify and quantify impacts of climate change on the Cypriot agricultural
sector. In order to do this, foresight information from a structural survey were used; the
survey made use of the intuitive available knowledge and information of the experts
participated in the survey. Specifically, a Delphi type multi round interactive survey method
has been employed, using willingness to pay values from repetitive surveying of experts,
during May and June 2011. The Delphi method has been applied to rank and quantify
several impacts of climate change according to the literature. Using this method the several
impacts of climate change on crop production and water resources allowed to be brought
into the modeling effort on equal footing with cost values. When the subject matter is
concisely defined and limited, this technique can rapidly assess expert opinion on any
natural resource issue, and even move expert opinion toward greater agreement. The final
cost of the impact represents the total cost of climate change. According to the results of the
analysis this cost reaches to an annual amount of €74 million for the agricultural community
and €248 million for the total population. Therefore, it is expected that in the seven-year
programming period 2014-2020 the total cost of climate change on agriculture will reach
from €518 to €1,736 million. It is worth noting that the most significant impact refers to the
increasing level of CO; in the atmosphere and the burden of biodiversity and ecosystems,
while the less significant impacts refer to the variability in productivity and diversification
of agricultural production and trade of agricultural products. One could say that this is the
cost of adapting to climate change, but generally adjustment costs to avoid even higher
future costs due to mismanagement of water resources.

Keywords:  Agriculture; Climate change; Delphi Method; Impacts; Water resources;
Willingness to Pay.

JEL codes: 0O13; Q51; Q54.
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1. Introduction

Like other Mediterranean countries, Cyprus has a semi-arid climate with mild, wet
winters (mean daily minimum 5°C) and hot, dry summers (mean daily maximum 36°C)
while also associated with limited water resources (Hadjinicolaou et al., 2001). The
principal cause of water scarcity is the combination of limited availability and excess
demand of water among competing uses; this is clearly illustrated by the fact that Cyprus
has the highest Water Exploitation Index (45%) in the EU (EEA, 2009) - which becomes
much higher in years of excessive drought. Historically droughts occur every two to three
consecutive years as a result of large inter-annual decreases in precipitation. In the last four
decades however, drought incidences have increased both in magnitude and frequency
(Papasozomenou and Zikos, 2009).

Water management has been problematic since the 1960s due to the limited
development of water infrastructure for domestic and irrigation supply (Papadavid et al.,
2011). According to Markou et al. (2011), the national government’s top priorities were to
ensure food security and constant supply of good quality water so that the adverse effects of
water scarcity do not impede socioeconomic development, given that agriculture was the
backbone of the economy, contributing by about 20% to the country’s GDP. As Cyprus
gradually became service-dominated, the contribution of agriculture has decreased
dramatically, and currently accounts for about 2% of GDP and 7% of the total workforce.
Despite such decreases, agriculture still remains the dominant water user in the country,
accounting for 69% of total water use, while the domestic sector accounts for 25% - of
which one fifth goes to tourism. In order to store as much freshwater as possible, Cypriot
governments have constructed numerous dams on key catchments in the course of the years.
As a result, the water storage capacity of the island increased from 6 million cubic meters in
1960 to 327 million cubic meters in 2009, making Cyprus one of the most developed
countries in terms of dam infrastructure (Zachariadis, 2010).

The relationship between climate and agriculture is usually not one way (Alston and
Whittenbury, 2013). Agriculture has the potential to influence and shape the climate at
local, regional and global scale (Moore and Ghahramani, 2014). In particular, irrigation,
natural growth of cultivated species and plant cover rate, determine the levels of available
soil moisture and indirect the transfer of heat, moisture and momentum rising from the
ground into the atmosphere. Therefore, agriculture affects the existence, the location and the
intensity of heat transfer and water vapor, and participates in setting the global climate.
Besides, agriculture in the broadest sense (including livestock production), is an activity
which emits some of the greenhouse gases, contributing this way to the acceleration of
climate change.

Climate change is the indirect result of a combination of a large number of human
activities and natural changes (Markou et al., 2011). Climate change is a challenge but also
a threat to sustainable agricultural development at the local and global level. Although
agriculture in the broadest sense, is a complex and well developed sector, it is expected to
be directly affected by climate change, because temperature, sunlight and water are the
main factors of crops growth. It is estimated that the effects of climate change will make
agriculture activities from high uncertainty in high risk activities.
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Due to severe droughts occurred in Cyprus in the years 1990/1991 and 1996/2001
the whole of the island was under stress with obvious threats on the ecosystem. The reduced
Rainfall deprived the satisfactory irrigation of forests, and of rain fed agriculture; surface
runoff was reduced with reduced inflows to dams and wetlands; Wetlands did not collect
enough water with adverse effects on their biodiversity; Recharge of the aquifers was less
than normal and aquifers were over pumped to satisfy normal demand resulting to
groundwater mining; Domestic water supply was reduced endangering quality of life and
sanitation of the citizens; Water for irrigation was reduced with social, economic, and
environmental adverse effects; Dry lands posed a thread for fires and uncontrolled fires
destroyed great areas resulting to environmental disasters (Tsiourtis, 2002).

Climate is one of the most important factors determining the productivity of farming
systems (Thierfelder et al., 2014). The foundation of the quantity and quality of agricultural
production is the optimal degree of harmonization between the traits of crop species, the
cultivation practices and the local climate and environment. It is apparent that, every aspect
of agricultural activity is affected by the climate and it is also required the continuous
adaptation of agriculture to a wide range of factors. Therefore, to allow the maintenance of
satisfactory standards of production in the future interventions to promote, inter alia, the
adaptation of agriculture to the parameters that characterize directly or indirectly the climate
change, like global warming, the increase of the concentration of CO,, drought, flooding,
salinization of soils, etc, should be targeted.

The main aim of this paper is to identify and quantify impacts of climate change on
the Cypriot agricultural sector. In order to do this, foresight information from a structural
survey were used; the survey made use of the intuitive available knowledge and information
of the experts participated in the survey. Specifically, a Delphi type multi round interactive
survey method has been employed, using willingness to pay values (WTP) from repetitive
surveying of experts, during May and June 2011. The WTP is used to estimate economic
values for all kinds of ecosystem and environmental services. The method allows better
valuation of non-market goods and services than any other non-market valuation technique
(Lim et al., 2014). It can be used to estimate both use and non-use values, and it is the most
widely used method for estimating non-use values (Husted et al., 2014). The WTP involves
directly asking people, in a survey, how much they would be willing to pay, or the amount
of compensation they would be willing to accept to give up, for specific environmental
services. The WTP is referred to as a “stated preference” method because it asks people to
directly state their values, rather than inferring values from actual choices, as the “revealed
preference” methods do. The fact that WTP is based on what people say they would do, as
opposed to what people are observed to do, is the source of its greatest strengths and its
greatest weaknesses. However, WTP is one of the only ways to assign price values to non-
use values of the environment-values that do not involve market purchases and may not
involve direct participation (sometimes referred to as “passive use” values). WTP is
employed in the present study as a secondary approach in assessing the cost of climate
change on Cypriot agriculture and in quantifying the impacts of climate change.
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2. Methodology

The principal aim of the current study is to measure in a scientific manner the cost of
climate change on Cypriot agriculture. In order to achieve this target this paper employees a
quantitatively Delphi method using expert’s WTP values. Empirical analysis is based on a
questionnaire: a) administered using e-mail, b) conducted, during May and June, in 2011
and c) addressed to 20 experts of climate change. This focus group mainly comprised of key
stakeholders in Cyprus (academics, policy directors, staff scientists and farmers engaged
climate change research).

The Delphi method mainly developed by Dalkey and Helmer (1963) and is a widely
used and accepted method for achieving convergence of opinion concerning real-world
knowledge solicited from experts within certain topic areas (Hsu and Sandford, 2007).
Researchers have applied the Delphi method to a wide variety of situations as a tool for
expert problem solving. However, in the literature only two papers can be found applying
the Delphi method in climate change issues (Torres and Pina, 2011; Changnon, 1982).
Thus, the contribution of this paper is twofold: a) from a methodological point of view this
paper offers a research framework to quantify climate change impacts using WTP prices
and b) from a practical point of view this papers estimates the cost of adapting to climate
change, in order to avoid even higher future costs due to mismanagement of water resources
and agriculture. The following figure 1 presents the general organization framework of the
Delphi technique.
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Figure 1: Organization of the Delphi process
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2.1 Research questions and strategy
We wish to contribute to the growing body of work on the economic impact of
climate change. Specifically, the research study investigates in a scientific manner the cost
of climate change on Cypriot agriculture and water resources. In order to achieve this target
we employ a research plan consisting of a three-step strategy. First, to identify

factors that will answer the research question. The second step involves quantitatively
evaluating the identified factors. This is more objective and should provide more confidence
and solid directions for the third step: repeating the data collection until the satisfaction of
the consensus condition which was declared by the researchers.

2.2 Scope of the initial study

The academic literature provides some theoretical discussion related to the impacts
of climate change on crop production and water resources offering some important and
practicable recommendations. However, obtaining a more comprehensive view necessitates
perspectives from all four major stakeholders in climate change reality: academics, policy
directors, staff scientists and farmers engaged climate change research.

2.3 Selection of the Delphi methodology

Actually, a traditional survey could be used to gather input from a group of experts
or stakeholders concerning climate change impacts. However, a Delphi method, and
especially a quantitatively Delphi method, has been judged to be a stronger methodology for
a rigorous query of experts for the following reasons (Okoli and Pawlowski, 2004):
A quantitatively Delphi study answers the complex study question more properly for the
reason that this compound concern requires deep knowledge and practical experience from
people who understand in extenso the different economic, environmental, agronomical,
social and political issues.
A quantitatively Delphi study does not require the experts to meet physically.
A quantitatively Delphi study requires a limited number of experts.
A quantitatively Delphi study allows a deeper understanding of the complex research
question mainly due to its flexibility to follow-up interviews.
A quantitatively Delphi study serves the dual purpose of ranking the climate change impacts
according to their importance and having them evaluated using WTP values.

2.4 Procedure for selecting experts

Following the guidelines of Delbecq et al. (1975) and Okoli and Pawlowski (2004) this
study employed a multiple-step procedure to categorize, identify and select the experts (Fig.
2).
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Figure 2: Procedure for selecting experts

2.5 Data collection and analysis method

The Delphi questionnaire has been administered using e-mail and following a
modified version of the procedure for “ranking-type” Delphi studies outlined by Schmidt
(1997). This general procedure basically involve three steps: brainstorming for important
factors, narrowing down the original list to the most important ones and ranking the list of
important factors. The employed modified version involves one more step; evaluating the
most important factors using WTP values.

To address the research aim, the first version of the very simple questionnaire asked
experts to list at least six important impacts of climate change on Cypriot agriculture. This
creative process was designed to generate a list of climate change impacts, removing
identical or similar responses, which we refer to as the climate change impacts list. Then,
we sent this list to the heterogeneous group of experts asking them to mention additional
impacts from the generated list and to validate that we have correctly interpreted their initial
responses and placed them in an appropriate category. In a third stage the experts have been
asked to rank the impacts of climate change based on their effects on agricultural activity.
Finally, the experts have been asked to state their suppositional maximum WTP in order to
avoid (on paper) each of these impacts. This final step has been repeated three times up to
the satisfaction of the consensus condition which is that the standard deviation of the
experts WTP values for each impact does not exceed the 30% of the mean WTP value of
the impact. In any failure to satisfy the consensus condition each expert asked to mention
new suppositional maximum WTP value closer to the respective mean WTP value (Fig. 3).
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Figure 3: Data collection process

3. Results

Table 1 below summarizes the experts’ rankings and the experts’ valuation (first
round) of external impacts of climate change, expressed in monetary units of maximum,
minimum and mean annual WTP, as assessed using the hypothetical or dependent valuation,
including the respective standard deviations. It is worth noticing that in almost all impacts
the minimum value is zero while the mean ranged from 8.5 to 33 Euros. In all cases, both
the minimum and maximum value, determined on the basis of standard deviation.
Specifically, the maximum values were estimated as the sum of the average values and
respective standard deviations, and minimum values as differences of average values and
the corresponding standard deviations (in each case the minimum values must be greater
than or equal to zero). Thus it is considered to achieve more representative evaluation since
extreme values are avoided and the likelihood of too positive or too negative valuation WTP
is limited.

Table 1: First round’s maximum, mean and minimum WTP values (Euros)

Impacts of climate change Max Mean Min S.Dev.

Increasing of CO2 concentration 71.17 33.16 0.00 38.01
Burden on the environment, ecosystems and of biodiversity (loss

. . 60.55 30.00 0.00 30.55
of native species)

Increased fire incidents 59.68 29.15 1.38 29.15
Warming 54.82 24.21 0.00 30.61
Increased occurrence of diseases and pests 55.00 24.12 0.00 30.79
Increased frequency of extreme weather events 49.14 23.89 0.00 36.30
Intensity of competition in water use in agriculture 49.01 23.79 0.00 25.24
Increased spending on tackling the cost of irrigation water,

appropriate propagation material, special fertilizers and damage 48.32 21.25 0.00 27.26
from extreme weather phenomena

Burden of soil fertility and erosion 48.72 21.05 0.00 27.67
Increase in price of agricultural products 44.30 18.42 0.00 25.88
Variation in rainfall 44.66 17.47 0.00 27.19
Reduction of farm income 40.36 15.79 0.00 24.57
Change in productivity and yields 22.24 8.95 0.00 13.29
Diversification of agricultural production and agricultural trade 23.07 8.47 0.00 14.60
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However the consensus condition has not been satisfied in the first round. Thus, the
data collection repeated in a second (and third round) by asking experts to mention new
suppositional maximum WTP value closer to the respective mean WTP value of the
previous round. After three rounds the data collection procedure has been completed as the
standard deviation of the experts WTP values for each impact did not exceed the 30% of the

mean WTP value of the impact (Fig. 4).

@ 3rd round Fire incidents
B 2nd round

| 1stround

Soil fertility & erosion

Productivity & yields
Prices of agricultural products
Farm income
Ecosystems and biodiversity
Damage from extreme weather phenomena
Agricultural production-trade
Competition in irrigation water
Diseases and pests
Frequency of extreme weather phenomena
Variation in rainfall
Warming

CO2 concentration

Figure 4: Satisfaction of consensus concept (after 3 rounds)

Table 2: Third round’s maximum, mean and minimum WTP values (Euros)

Impacts of climate change Mean Min S.Dev.
Increasing of CO2 concentration 37.14 32.66 28.17 4.49
::tri(\j/:nsgzc:l;se)enwronment, ecosystems and of biodiversity (loss of 39.34 3111 22.88 8.23
Increased fire incidents 34.47 27.52  20.56 6.96
Warming 32.19 25.01 17.82 7.19
Increased occurrence of diseases and pests 31.14 24.63 18.11 6.52
Increased frequency of extreme weather events 30.09 24.62 19.14 5.48
Intensity of competition in water use in agriculture 27.13 24.41 21.68 2.73
Increased spending on tackling the cost of irrigation water,

appropriate propagation material, special fertilizers and damage 26.75 22.00 17.24 4.76
from extreme weather phenomena

Burden of soil fertility and erosion 25.51 20.84 16.17 4.67
Increase in price of agricultural products 22.17 18.66 15.14 3.52
Variation in rainfall 22.48 18.46 14.44  4.02
Reduction of farm income 21.71 16.82 1193 4.89
Change in productivity and yields 11.8 9.52 7.23 2.29
Diversification of agricultural production and agricultural trade 12.19 9.50 6.8 2.70
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Table 2 below presents the final experts’ rankings and the experts’ valuation (third
round) of external impacts of climate change. The mean WTP values ranged from 9.5 to 33
Euros. An important observation is that after 3 rounds the mean WTP values did not change
significantly although the maximum and minimum values change approaching significantly
the mean and limiting the standard deviation.

The following Figures 5, 6 and 7 present graphically the quantification of the 14
impacts of climate change to Cypriot agriculture using the mean values of expert’s WTP.
Very small changes have been observed in the three figures as the sum of the mean effects
of climate change in all rounds ranged from around 300 to 311 Euros.

CO2 concentration

Fire incidents

Damage from extreme weather phenomena

Figure 5: First round of Delphi process (mean WTP values)

CO2 concentration

Damage from extreme weather phenomena

Figure 6: Second round of Delphi process (mean WTP values)
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CO2 concentration

Fire incidents

Farm income

Ecosystems and biodiv ersity

Agricultural production-trade

Damage from extreme weather phenomena

Figure 7: Third round of Delphi process (mean WTP values)

Table 3: Reduction of the estimations of climate change impacts (in euros)

Impacts of climate change

Reduction to the Agricultural

Reduction to the

population whole population
Increasing of CO2 concentration 7,948,452 26,634,112
Burden on the environment, ecosystems and of
biodiversity (loss of native species) 7,191,000 24,096,000
Increased fire incidents 7,119,090 23,855,040
Warming 6,987,255 23,413,280
Increased occurrence of diseases and pests 5,803,137 19,445,472
Increased frequency of extreme weather events 5,745,106 19,251,017
Intensity of competition in water use in agriculture 5,726,433 19,188,448
Increased spending on tackling the cost of irrigation
water, appropriate propagation material, special 5,669,169 18,996,564
fertilizers and damage from extreme weather
Burden of soil fertility and erosion 5,045,685 16,907,360
Increase in price of agricultural products 4,415,274 14,794,944
Variation in rainfall 4,187,559 14,031,904
Reduction of farm income 3,784,863 12,682,528
Change in productivity and yields 2,145,315 7,188,640
Diversification of agricultural production and agricultural 2,030,259 6,803,104

trade

However, a higher value has the following table 3 which includes the reduction of
the average values of each effect in both the agricultural community and the total population
(agricultural and non agricultural) of the research area. The final sum of the impacts in this
table represents the total cost of climate change which amounts to €74 million for the
agricultural population and €247.97 million for the total population. It is worth noting that
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the most significant impact refers to the increasing of CO, amount in the atmosphere and
the burden of biodiversity and ecosystems, while a less significant impact is considered the
variability of productivity and diversification of agricultural production and agricultural
products trade.

4. Conclusions

The main concern in this paper is the importance of a common understanding
between the actors involved in climate change impacts to water resources and agriculture in
Cyprus. Although, the ranking-type Delphi method has been used by researchers for almost
three decades there are several areas for improvement, such as quantification of the
answers. Our listing of attributes provides a framework that we intend to be helpful to
researchers as well as journal reviewers and editors. The present study has several
implications, both theoretical and practical, since its empirical results support the basic
argument of the paper that climate change causes significant changes in irrigation
management and Cypriot agriculture. Concluding, we believe that the more detailed
analysis of climate change impacts sheds light on the structural changes in Cypriot
agriculture, but also on the principles and mechanisms that enable these changes. Such
results will advance the conceptual framework in the agricultural sciences and economics
and may result in new approaches to agricultural policy.
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Abstract

In this paper, the basic assumption is that the environment provides two different kinds of
services. First, the environment may serve as an input to the production of conventional
goods. For example, the exploitation of an oil source from which one firm extracts the oil
which in turn is used as a fossil fuel for an industry. In the worst case, the use of the
environment for industrial purposes will negatively affect the environment, e.g. the water
quality of a paper mill along a river. Nevertheless, the possibility to pollute, i.e., to save
abatement costs, lowers production costs. Hence, firms and consumers evaluate this service
positively. Second, the environment itself—clean air, natural creeks and rivers instead of
paper mills, hydro power plants, etc.—provides amenities and thus a second service, that is
different, because enjoying this service does not degrade environmental quality. As it is
intuitive clear, the environment provides consumptive and non-consumptive uses. In
renewable resources means, the environmental stock may be harvested and used as an input
for conventional goods’ production but provides simultaneously a positive externality. The
purpose of this paper is to study the dynamics of pollution and the possibility of cycles and
instability, while the major finding of this paper is the following: Taking the simplest
pollution model with one state and one control variables and extending it into two state
variables, equilibrium may change from the fixed point into a limit cycle equilibrium, i.e.
the optimal emissions rate may be cyclical.

Keywords: Environment; renewable resources; environmental economics.
JEL codes: Co61; C62; D43; H21.

1. Introduction

Analyzing pollution control issues for developed and developing countries has
become an important multi—disciplinary topic. Since the design of efficient action against
pollution has to take into consideration the intertemporal response of victims, dynamic
modeling can be used as an appropriate tool. In this paper we make two basic assumptions.
The first is that the environment provides two different kinds of services. i.e., the
environment may serve as an input to the production of conventional goods and second, the
environment itself provides amenities. In the second assumption the damage function is

3% This research has been co-financed by the European Union (European Social Fund — ESF) and Greek
national funds through the Operational Program "Education and Lifelong Learning" of the National Strategic
Reference Framework (NSRF) - Research Funding Program: Thalis — Athens University of Economics and
Business - "Optimal Management of Dynamic Systems of the Economy and the Environment”
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depending on the intensity of emissions and on the intensity of abatement as well.
We use both optimal control and differential game approaches to study the intertemporal
strategic interactions between the polluters and the social planer.

Analyzing pollution control issues for developed and developing countries has
become an important multi—disciplinary topic. Since the design of efficient action against
pollution has to take into consideration the intertemporal response of victims, dynamic
modeling can be used as an appropriate tool. In this paper we make two basic assumptions.
The first is that the environment provides two different kinds of services. i.e., the
environment may serve as an input to the production of conventional goods and second, the
environment itself provides amenities. In the second assumption the damage function is
depending on the intensity of emissions and on the intensity of abatement as well. We use
both optimal control and differential game approaches to study the intertemporal strategic
interactions between the polluters and the social planer.

The pollutants accumulation is a major problem in our world and finding a way to
effectively reduce, while maintaining the standards of the production process, is a great
challenge facing capitalistic societies. The clean environment is obviously a public good.
Conversely, all the “dirty” production process that creates pollutants accumulation, e.g.
emissions caused by uncontrolled production, constitutes a public bad. But which of the
factors of production process generates pollutants? Clearly uncontrolled, with respect to the
environment, production involves antiquated equipment that emits more than permissible
and therefore constitutes a polluters’ “bad weapon”. It is a usual phenomenon the old
production equipment - which used to be the main production equipment for the Western
developed countries - to change hands moving to the Southern or Eastern developing
countries at a low acquisition cost. Similarly, all the extracted depletable resources which
are used as inputs in the production are sources of pollution. The power of such a “dirty”
production process rests upon the accumulation of a stock of resources, consequently
depending on the financial capital for these resources that emits more and therefore
accumulates pollutants.

On the other hand, in early days of applications of dynamic systems to economic
problems, it was recognized that the optimal solution of infinite time problems may be
characterized by multiple equilibrium points. Finding multiple equilibrium points in
economic models is not an attractive solution for the policy makers. But the recognition of
multiple optimal stable equilibria may be crucial in order to locate the thresholds separating
the basins of attraction surrounding these different equilibria. Starting at a threshold, a
rational economic agent is indifferent between moving toward one or the other equilibrium,
but a small movement away from the threshold can “destroy” this indifference, leading in a
unique optimal course of action.

Since the introductory one sector, with a convex — concave production function,
optimal growth model of Skiba (Skiba, 1978), there has been a lot of progress towards the
cyclical solution strategies generated in intertemporal dynamic economic models. Wirl
(1995) exploring the optimality of cyclical exploitation of renewable resources stocks,
reconsidering a model of Clark et al (1979), concludes that equilibrium that falls below the
maximum sustainable yield but that exceeds the intertemporal harvest rule due to the
positive spillovers allows for optimal, long run, cyclical harvest strategies.
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Limit cycles, according to Poincare-Bendixson condition (Hartman,

1982) which also restricted in planar systems, has the intuitive explanation which says that
if a trajectory of a continuous dynamical system stays in a bounded region forever, it has to
approach “something”. This “something” is either a point or a cycle. So if it is not a point,
then it must be a cycle. This gives rise to cyclical policies in economic models, e.g. if a
policy trajectory, say an abatement pollution policy, is restricted in a bounded planar space
then this policy sooner or later will retrace its previous steps.

The Poincare—Andronov—Hopf theorem (Kuznetsov, 2004), which applies in a
higher than the two dimensional systems, gives sufficient conditions for the existence of
limit cycles of nonlinear dynamical systems. Informally, one can think of this theorem as
requiring that equilibrium must suddenly change from a sink to a source with variation of a
parameter. Arithmetically this requires that a pair of purely imaginary eigenvalues exists for
a particular value of the bifurcation parameter and that the real part of this pair of
eigenvalues changes smoothly its sign as the parameter is altered from below its actual
value to above.

Hence, analogously to equilibrium, the stability of limit cycles is of great importance
for the long run behavior of a dynamical system. But since the existence and therefore
stability of a limit cycle is highly dependent on an arbitrarily chosen bifurcation parameter
we have to deal with the qualitative analysis of such a problem. Economic mechanisms that
may be a source of limit cycles, as mentioned by Dockner and Feichtinger (1995) are: (i)
complementarity over time, (ii) dominated cross effects with respect to capital stocks, and
(ii1) positive growth of equilibrium.

The main contribution of the paper is twofold: First, it considers the environment as
a renewable resource for which the environmental quality grows with the pollutants
abatement but reduces with the damages stemming from pollutants accumulation which in
turn are treated as a stock. Having the two states, i.e. the environmental quality as a stock
and the stock of pollutants the benevolent social planer has to steer the control variable, i.e.
the emissions, in an optimal way between the two states, and this setting gives rise for
complex polices especially for limit cycles. Second, it considers the pollution control
problem, as a differential game in which two players involved. The first player is the
polluting representative producer which maximizes his own utility stemming from
emissions while the second player is every enjoyer of the environmental services,
maximizing his own utility derived from the clean environment and from the pollutants
abatement as well.

In both cases, we explore the Nash equilibrium and especially in the first case we
investigate the existence of limit cycles and consequently the existence of cyclical strategies
of the instrument variables. The environmental pollution control game takes place between
the government, acting as the social planer, and polluters for which the resources used in
production accumulate pollutants. Such pollutants accumulation and regulation control
models can be found, among others, in Forster (1980) concerning optimal energy use
model; in Xepapadeas (1992) regarding environmental policy design and non-point source
pollution and so on.

The remainder of the paper is organized as follows. Section 2 introduces the social
planer’s optimal control model and gives a necessary condition for cyclical strategies.
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Section 3 investigates the differential game between the government and the

polluter and calculates the Nash equilibrium strategies and the players’ value functions.
Section 4 explores the limit cycle equilibrium of the management model, while section 5
introduces and solves analytically the proposed differential game. The last section
concludes the paper.

2. The pollution management model
As it is known the production process accumulates pollutants and therefore all the owners of
the productive assets, called the polluters, are always to some degree subject

to emissions constraints such that too low levels of pollutants will topple the regime. Of
course, the precise magnitude depends on several international treaties e.g. the Kyoto or
Montreal protocols, as well as on the inshore’s institutions. However, even in development
industrial countries a level below 50% mark is beneficial because of two things: first, the
low level of pollutants per se provides fringe benefits, in the sense of a good reputation, and
second discretionary power increases if the pollutants are abated, therefore the consumers

will trust the abating firms. In the model below we introduce the function V(T ) which

captures all kinds of benefits of a good environmental state such that V(T ) may become

very negative if pollutants exceed a certain threshold.

Given the pollutants generating nature of production and the benefits accrued form a clean
environment, the social planer of an economy has to steer very carefully between Scylla and
Charybdis and this trade off may involve complex patterns over time, in particular, limit
cycles. Formally, the social planer maximize the intertemporal benefits (and the implicit
trade off) from a good as possible environmental state, by 7 we denote the environmental
state, and from emissions, E denotes emissions in the production process. These two types

of benefits are separable, U(E(t))+V (T(t)), in order to simplify the analysis and both

utility functions are increasing and concave: U’'>0, U"<0; V'>0, V" <0. The
emissions can be abated, i.e. its rate can become negative such that the central planer, in
order to maintain a clean environment, engages in a crusade against pollution. This
modeling of a soft constraint through the function of V' instead of considering hard

constraints 7' (t)Zf 37 is chosen for three reasons. First, a hard constraint imposes a

lexicographic preference ordering upon the environment which seems implausible. Second,
the state of environment over and above the required threshold offers further and different
kinds of benefits: a good state of the environment itself may be desirable, i.e. a consumption
good; a high state offers to the central planer considerable discretion and so on. Third, this
formulation guarantees smoothness of the solution and thus simplifies the analysis.
Moreover, sufficient smoothness is a requisite to apply Hopf bifurcation theorem.

After all, the social planer faces the following problem:

37 Where T identifies the minimal state of the environment
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subject to 7= A(T)—D(S) (2)
S=E-6S (3)

E are emissions

S is the stock of pollutants

T is the state or quality of the environment

A (T ) is the growth of environmental quality, the natural replenishment or abatement

D(S) are the loses or damages in environmental amenities depending on the pollution

stock. In another way the same function should be the amount of input used by the industry.

Maximization (1) is subject to two dynamic constraints. First, the state of
environment is a dynamic process, here is a diffusion process according to (2) — which is
negatively affected by damages of environmental state, e.g. by the stock of pollutants S .
However, environmental state is affected, by the large, not only from the isolated emissions
but from the cumulative pollutants. The accumulated pollutants, according to differential
equation (3), obey to the natural purification law, i.e. they have the exponential declining
factor 6 >0.

The function A(T) may represent an arbitrary, but concave (A4”<0)

process A(T)=T(1—T). In the present model A(T)rather represents the abatement. This

specification is chosen because of its wide use in the literature, its plausibility and its
convenience, but is not crucial for the model. Logistic growth, first proposed by Verhulst
(1845), arising from the more general equation x = rx|1 —x/K |a sign (1 —x/K ), where r the

intrinsic growth, K the carrying capacity and a a positive constant playing the role of the
penalty in a population model. Gatto et al. (1988) prove the optimality of the logistic
growth function in both linear (¢ =1) and nonlinear (a = 1) cases, and draw the optimal
trajectories in both cases. Following population growth models it can be shown (Gatto et al,
1988), in absence of pollution, the optimal growth of environmental state is logistic. That is,
since the abatement must be equivalent to the optimal growth, this function could be the

logistic, i.e. abatement could be in the form: A(T)=T(1-T)

The function D(S ) measures the environmental degradation depending on the pollutants
accumulation S . Thus, D’ > 0 and we assume additionally, and quite plausibly, D" >0.
Equation (3)is the standard equation of pollutants motion used in environmental models

(see for example Dockner and Long, 1993).

In the solution process, we define the Hamiltonian (omitting arguments)
H=U+V+X(A—D)+ n(E—6S) (4)

A, p are the costate variables of the states 7 and S respectively.

The Hamiltonian is concave in states and control, because the objective, as well as the state
transition equations are concave, and the costate variable A must be positive. The
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Hamiltonian maximizing condition w.r.t. the control £ (t), ie. wur.t. the

emissions, is the following:

H,=U'+p=0 (5)
and it is assumed that an interior solution exists, which is already the general case owing to
the strict concavity of the Hamiltonian with respect to E, i.e. H,, =U" (E ) <0.

We record the above result in a proposition.

Proposition 1: In the pollution management model (1) — (3) the intertemporal optimality
requires the marginal utility from emissions equals to the negative of the shadow price of
the stock of pollutants.

Proof

Follows immediately from the optimality condition (5)

Now, the following two equations determine the evolution of adjoints A, 1 .
A=(p—A )=V (6)
fr=(p+6)+AD' (7)

The optimality conditions (5)—(7) are valid only if additionally the limiting transversality
lime ”A(¢)T (1)

lim =0 (8)
lime (1) S(¢)=0 (9)

t—00

conditions are satisfied:

3. Stability analysis
For interior solutions the Hamiltonian maximizing condition allow to replace the control

variable E(¢) by a function &, E = h(u), h'=(—1/U")>0, and the optimality conditions
(5) = (9) lead to the following system of canonical equations in state (7,S)and costate
()\, u) variables:
F=A(r)-D(s 1o
S=h(u)-6S (10.2)
A= (oA (T '(r) 103)
f=(p+6)+AD'(S) (
The Jacobian of the system (10.1)—(10.4) evaluated at the equilibrium is given by the

following matrix:
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_|as/or  as/as  as[ox  aS/ou
ONOT ONDS dNON dNou
Op/OT 0/dS OO Op)ou

A’ -D' 0 0
0 —6 0 —1/u”

| —a"V (-4 0 (p—4) 0 (11)
0 v'D"f(p—4) D' p+é

The following Dockner’s formula (Dockner, 1985) computes the four eigenvalues o,

i=1,2,3,4 of the Jacobian (1 1) which are crucial to characterize the local dynamics of the

canonical system (10)

7150 = (P12 2(0/2) ~(1/2)£ 407 ~a]/] (12)
coefficient U is the following sum

or of| |os os| |or or
£ as 9

OT DN |05 Oul, p)0% oK (13)

o oAl | o) " T|ok oA

OT OM| |0S Ou oS  Ou

and the determinant is:

A//V/DIZ D/ZV// D//A/V/
det J:6AI<A/_p>(6+p>+UII(p_AI> + U// + UI/ (14)
V=A'(p—A)=5(6+p)+D"V'/(U"(p—4)) (15)

Following Dockner (1985), for the saddle point stability it suffice ||J ||>0 and U <0

conditions which satisfied, only if the abatement function is decreasing, i.e. A’ <0. The
above result is recorded as follows.

Proposition 2. In the pollution management model (1) — (3), the saddle point stability is
ensured only in the case of decreasing abatement 4’ < 0.

Proof

Follows immediately from (14) and (15) for 4’ <0 and taking the assumptions about the
concavity of the utility functions.

More complex results are possible in the case of increasing abatement A’(T )>O. If

0< A4 (f’ ) < p, then there occurs a transition from a domain of stable to locally unstable
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spirals and this transition give birth to limit cycles. More precise condition
A'=0 (or equivalently the point 7'), separates the domain of stable policies from the
domain where possible complexities arise. In fact, the supposition of growth, A’ (T ) >0 for

T<T, is crucial. Supposing that abatement follows the diffusion process for the

environmental state with one and only one point 7', such that A/<f’ ) =0, the implication is

that the time path of the environmental state consists of a convex segment (if 7 < 7) and a
concave segment (if 7> 7'), with respect to time.

This in turn implies that the domain of low quality environmental state 7" < T exhibits
increasing returns and the domain of high environmental state quality exhibits diminishing
returns. While diminishing returns (i.e. a point lying inside the concave segment) it is
plausible to lead to stable equilibrium, increasing returns to environmental state lead to
cycles. This is because a low quality environmental state may increase to certain threshold
so it may be rational for the polluters to lower production and therefore the pollutants
accumulation. The following figure shows the segments for which the two different kinds of
equilibrium taking place.

T

A(T)

nstable spirals . saddle point
Limit cycle . stability

Saddle point "
instability

v

~

Figure 1. Properties of equilibrium depending on environmental state.
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4. Exploring the limit cycle equilibrium

We specify quadratic benefits from the high environmental state, the same quadratic
form for the utility arising from emissions and a linear function for the damages stemming
from pollutants accumulation, i.e.:

U(E)= alE —1a,F’ (16.1)
V(T)=BT—1p,T" (16.2)
A(T)= ( T) (16.3)
D(S)= (16.4)

Equations (16.1) and (16.2) represent the fact that a high quality level of environment

exists toward which 7 grows in the absence of pollution, while the decline in
environmental quality is proportional to the accumulated level of pollutants S .

Assuming that the natural purification rate of the accumulated stock of pollutants is equal to
zero, ie., §=0, yielding £°=0 in the long run equilibrium. Additionally we assume
V" = —3, = 01in order to ease the analysis that follows.

Thus, in determinant (14) the only term that remains is the second, and in coefficient (15)

remains the second term as well. Then, the final expressions for the Jacobian and coefficient
respectively, are:

B AI/VIl)lz B 2/8[72 14 ’
det J_U”(p—A’)_aZ(,O—A/) (14)
V=d(p—4") (15)

For any equilibrium satisfying 0 < 4’ <f )<p, (14)/ as well as (15)/ is positive.

According to Grass et al (2008) the condition for limit cycle equilibrium, i.e., the existence
of purely imaginary roots, requires the following relation

LA
det J—|—| —p>=—=0 17
| -0 (17)
Given the parameter values as in the following table
a, a, v p o
1 1 0.071 1 0

and choosing the parameter (3, as the bifurcation parameter, there exist a unique
equilibrium at
100

(1.35.1) =| 05 B3 g ot

Now relation (17) becomes the following quartic equation in (3,
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7 7 49 343, 2401 A
— B +——pB + - =0
50 20/31 40000[3l 20000006l 400000000[3l
for which the solution is:
(8)),,5, = 6-6910; 7.5947; —15.4403; 29.7260 (18)

for which only the two first values for (3, are acceptable, since (3, is positive and Te (0,1).
Moreover, at these critical parameters both detJ and W are positive, i.e., one pair of
purely imaginary roots exists. The final result is, for the intermediate values of the
bifurcation parameter [, 6(6.6910 , 7.5947), the existence of complex eigenvalues all
with positive real part.

Following Grass et al (2008) one can draw the limit cycle with above values of the
parameter 3. Moreover, it can be proved numerically the existence of a two dimensional

stable manifold of a limit cycle and the existence of a “strong” unstable manifold explaining
some inaccurate results of the IVP approach.

5. The differential game model

In the second part of the paper we make the assumption that the damage function of
environmental quality is a function of the intensity of emissions and as well as a function of
the intensity of the abatement process.

Let us denote by X (t) the instantaneous state of environment at time z. Without
any damages caused by pollution and also without any actions undertaken by the polluters
the stock of environmental quality grows according to the function G(X ) This function is
considered as growth function, obviously dependent on the state of environment, satisfying
the conditions G(0)=0, G(X)>0 for all X €(0,K), G(X)<0 for all X €(K,00),
G”(X ) < 0. Carrying out emissions is costly for the polluters, e.g. compliance costs and

damages in their equipment which reduces their capital available to the production process.
This clearly affects negatively the utility of the polluters. However, the reduction of the
growth of the environmental quality stock, does not only depend on the intensity of

emissions u(¢), but is also influenced by the counter pollution measures v(¢) undertaken by
the government or by any group of agents e.g. volunteers they fight against pollution. We
set as instrument variables for both sides the intensity of emissions u(t) and abatement
effort v(z), which are assumed non-negatives v (¢) >0, u(¢)>0.

Analogously to the models of optimal harvesting natural resources one can thought the
damage function as a “harvesting” the environmental resources and this harvesting is

denoted by (b(u,u). Combining the growth G(X ) with the damage function (b(u,z/) the
state dynamics can be written as

X=G(X)—¢(u,v), X(0)=X,>0 (19)
Along a trajectory the non negativity constraint is imposed, i.e.
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X(1)=0 V>0 (20)
With the assumption of emission’s compliance costs and the damages incurred in equipment
due to the intensive usage, a higher intensity of emissions and also the counter pollution
measures leads to stronger reduction of the polluters’ resources and therefore we assume the
partial derivatives of the damage function (b(u,z/) to be positive, i.e. ¢, >0, ¢, >0.

Moreover the law of diminishing returns is applied only for the emission realizations, that is
¢, <0 and for simplicity we assume ¢, =0. Additionally, we assume that the Inada
conditions, which guarantee that the optimal strategies are nonnegative, holds true, i.e.
lim ¢, (u,v) =00,  limg, (u,v)=0
: . (20a)
limg, (u,y)zo, lim ¢, (u,y):oo

v—0
The utility functions the two players want to maximize defined as follows:
Player 1, the polluter, derive instantaneous utility, on one hand from their emissions which

gives rise to increasing and convex costs C (u) On the other hand, a high stock of good

environmental quality incur compliance costs and the induced disutility is described by the
increasing function D(X ) With the above assumptions, player’s 1 present value of utility

is described by the following functional

oo

Ji= [e " [o(uv)=D(x)=C(u) 1)

Player 2, the benevolent social planner or any group of a high quality environmental
services enjoyers, derive utility U(X )from the quality of environmental state X (t), but

also from their abatement at intensity v, which is described by the function A(v). For the
utilities v(X ) and A(u) we assume that are monotonically increasing functions with
decreasing marginal returns, i.e., v'(X)>0, 4'(v)>0 and v"(X)<0, 4"(v)<0. So,

player’s 2 utility function is defined, in its additively separable form, as:

L= [e [o(X)+ A(v)far (22)
0

5.1 Nash Equilibrium

In this section we calculate the Nash equilibrium of the pollution differential game.
The concept of open loop Nash equilibrium is based on the fact that every player’s strategy
is the best reply to the opponent’s exogenously given strategy. Obviously, equilibrium holds
if both strategies are simultaneously best replies.

Following Dockner et al (2000), we formulate the current value Hamiltonians for
both players, as follows

H, :(b(u,y)—D(X)—C(u)—i—/\(G(X)—(b(u,y))
Hy=v(X)+A(v)+p(G(X)—¢(u,v))
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The first order conditions, for the maximization problem, are the following
system of differential equations for both players:
First, the maximized Hamiltonians are

O, _ (1= \)g, ()~ C'(u) = 0 23)
5(;2 — A (V) 6y, (/) = 0 (24)
and second, the costate variables are defined by the equations
A= )\—g—i[(:)\[pl—G/(X)]%—D/(X) (25)
ji= i = I = [, — G (X)) (X) 26)

The Hamiltonian of the player 1, H,, is concave in the control u as far as long A <1 and is
guaranteed by the assumptions on the signs of the derivatives, i.e. ¢, <0, ¢, =0 and
from the decreasing marginal returns on the polluters’ utilities, i.e. v"(X)<0, 4"(v)<0.

Optimality condition (23) implies that the adjoint variable A is positive, only in the case for
which the polluter’s marginal utility qS exceeds the marginal costs, since (23) implies that:

A= (qS (u v / o, (u, 1/
We also assume linearity of the model. To be more precise we specify the following
functions of the game to be in linear form:
1. the environmental growth function is exponential i.e.,in the form G( ): w-X,
where w is the growth rate,
ii.  the polluter’s disutility function, D(X ) , stemming from the compliance costs, in

the form D(X)= D- X and finally

iii.  the polluter’s cost stemming from emission’s realizations in the form C (u) =C-u

All the constants involved are positive numbers, that is w, D, a >0. From the
environmental quality enjoyers side, the functions that maximized are specified linear, i.e.
the utilities arising from the high quality environmental stock and abatement are written as
v(X)=v-X(¢) and 4(v)= A-v(t) respectively.

After the above simplified specifications the canonical system of equations (23) -

(26) can be rewritten as follows:
OH,

rn =(1-\)¢, (u,v)—C=0 (27)

OH,

5 =A—pug, (u,y):0 (28)
OH,

A= pl)\—a—X—)\[pl—w]-l—D (29)
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= pyu— 2 = plp, —w]-v
2 8X 2
(30)
and the limiting transversality conditions has to hold
lim e”’"X(t))\(t) =0, lim e”JZ’X(t)u(t) =0 (31)
The analytical expressions of the adjoint variables ()\, u) , solving equations (29)-(30), are
respectively:
A(t):L_‘_e(ﬂl*w)’Ql (32)
—ptw
— v (pr—w)t
t)=———+e”'Q (33)
N( ) p, +w 2

In order the transversality conditions to satisfied it is convenient to choose the constant
steady state values, and therefore the adjoint variables collapses to the following constants

-D v
= NS (34)
pp—w Py —w
To ensure certain signs for the adjoints (34) we impose another condition on the discount
rates, which claim that discount rates are greater than the resource’s growth, i.e. we impose

the condition

p;>w, =12
thus, the constant adjoint variables has the negative and positive signs respectively,i.e,

A=

>0

<0, p=
pp—w Py —w

The above condition seems to be restrictive but can be justified as otherwise optimal

solutions do not exist. Indeed, choosing p, <w, the government’s discount rate to be lower

than the environmental growth rate, their objective functional becomes unbounded in the
case they choose to send out no emissions. Similarly, choosing the government’s discount
rate lower than the growth rate the associated adjoint variable A becomes a positive
quantity in the long run. As a shadow price is implausible to be positive for optimal
solutions, the above reasoning is sufficient for the assumption p, >w, i=1,2.
Once the concavity of the Hamiltonians, with respect to the strategies, for both players is
satisfied the first order conditions guarantee its maximization. Now, we choose the
function’s (b(u,u) specification, i.e. the specification of the damage function. This function
is depending on the intensity of emissions and also depending on the abatement actions
undertaken by the social planner. We choose a similar to Cobb — Douglas production
function specification, which characterized by constant elasticities, and is in the following
form

p(u,v)=u"v® 0<o<l<(
The rest of the paper is devoted to the calculations of the explicit formulas at the Nash
equilibrium.
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5.2. Optimal Nash Strategies
Applying first order conditions for the chosen specification function

C ol ¢ C
V) =— = 35
qSl,(u 1/) X ou’ v X (35
o, (u,y) :é & Cuvt! :é (36)
v Y

The combination of (35) and (36), using the Cobb—Douglas type of specification, reveals an
existing interrelationship between the strategies, i.e.

0(1—)\) q O'(l—)\)A
Expression (37) now predicts the interrelationship between the player’s Nash strategies, for
which the result of comparison between them is dependent on the constant parameters and
on the constant adjoint variables, as well.
Substituting back (37) into (36) we are able to find the analytical expressions of the
strategies, after the following algebraic calculations. Expression (36) now becomes:
1—¢ I—¢ 1 1-¢ ¢
] 6 ) ]
o(l-X1)| 4 A o(l-X)| | 4
and from the latter the analytical expressions for the equilibrium strategies is derived in a
more comparable form now:

1-¢

1= ¢
- C o+(—1 N_CTH

S PTISY [A] 38
[ ¢ e (e

Co(1-2) [A] (39)

Further substitutions in the equation of the resources accumulation, X = wX —u"v°, yield
the following steady state value of the environmental quality stock

_7 —
C o+(¢—1 C_,M TC*l
(1—N)o [ y ] (*0)

We summarize the above discussion in a proposition.

1

w

SSs

Proposition 3:

Assuming the function which damages the environmental quality to exhibit constant
elasticity and all the other functions to be linear, then the pollution game yields constant
optimal Nash strategies. The analytical expressions of the strategies are given by (38) and
(39) for the government and the polluters respectively. The steady state value of the
resources’ stock is given by the expression (40).
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5.3. The Value Functions
In this section we compute the analytical expressions for the values of objective
functions of the players. For this purpose we make use the constancy of the strategies (38),

(39) computed above. We denote the pair of the constant strategies as (L7,17) . Note

that constant strategies, leads to a constant function ¢ :qS(LT, 17) which is the

aforementioned damage function that reduces the environmental quality. The equation of
the environmental quality state, now can be solved explicitly with the following analytical
solution

€ |9

(41)

X(1)= [XO _2] e 4
w
X, is the initial stock of the environmental quality. Note that expression (41) leads us to
assume a sufficiently high initial stock of resources, specifically X, > ¢ /w , in order to
satisfy the non-negativity condition X (z)>0.

The earlier computed constant strategies and the linearity assumption of the value
functionals for both government and polluters, gives us the advantage to calculate a linear
integral. Thus, for the value function of player 1, we have:

1 _ o0
J,=—(§-C-a)-D f e X (t)dt (42)
1 0
The value of the integral in (42) can be computed, giving f e "X (t)dt = 2Ky =@
0 pl (pl - W)
The polluters’ value function (42) now takes the following form:
b D i DX,
J, = i 1+ _Gu - (43)
P p—w P p—w

which is again a constant.
Similarly, thanks to the model’s linearity, the government’s value function can be
calculated analytically yielding the following constant expression:
v(p, X, —d &b 7
J2:i M :_L_l_ﬂ_‘_v—)(o (44)
Py —wW

Av +
P2 P (pz _w) Py Pp—W

6. Conclusions

The purpose of this paper was to investigate the dynamics of pollution together with
the actions undertaken for counter pollution. For this purpose we setup firstly a model of
environmental pollution management and secondly a game between the polluters and the
enjoyers of environmental services. For the first model of high quality environmental
services management we make as basic assumption, that the environment may serve as an
input to the production of conventional goods and also the environment itself may provide
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services enjoyed by the people. In the management model setup the state

variables are the environmental quality and the stock of pollutants, as well. In the analysis
of the solution we explore not only the restricted case of the saddle point equilibrium, but
we enrich the equilibrium space with the wider class of the limit cycles, applying the Hopf’s
bifurcation theorem. We found, in the case of the saddle point the necessary condition is the
decreasing abatement, while in the case of increasing abatement the result is the richer limit
cycle equilibrium. Moreover, following numerical analysis, we found numerically the
region for which the two dimensional stable manifold of the limit cycle exists.

In the second model, the crucial assumption made is not the traditional one in which
the environment is damaged only from the pollutants accumulation. Instead, we claim the
function which damages the environmental services is not only affected positively by the
pollutants accumulation but is affected negatively by the abatement effort undertaken by the
second group of players. The two players, involved in the differential game, maximize their
own utilities subject to a common equation of motion of the environmental state. Player 1 is
the group of polluters which damage the environmental quality emitting pollutants at an

instant intensity u(t), but they suffer from the compliance costs as from the costs of
emission realizations. Player 2 is every group of pollutants wipers which they derive utility
form the clean environment but also utility from their abatement effort A(V(t)).

Considering the environment’s equation of motion we assume that the environmental
quality grows at an exponential rate and also we assume the damage function is in the form
of a Cobb—Douglas with constant elasticities. Finally, in the game, we set as instrument
variables the intensity of emissions on behalf the player 1 and the abatement effort on
behalf the group that abates.

The game analysed here has the important property of the state separability. Like
linear quadratic games state separable differential games exhibit a special structure which
allows an analytical characterization of Nash solutions. Moreover, state separable games
have the important property that the Nash equilibrium is Markov perfect solutions.

In the solution process and under some simplifications we found the analytical
expressions of the induced strategies for both players. The equilibrium analysis reveals an
important interrelationship between the strategies which are presented here in a comparable
form. Finally, for the game model we found the value functions for both players which are,
as the strategies, dependent only on the model parameters, hence time consistent.
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Regulating climate change using geoengineering
methods when countries are heterogeneous38

Vasiliki Manousi &Anastasios Xepapadeas
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Abstract

We study a simple dynamic game of optimal policy design in terms of emissions and
geoengineering efforts involving two heterogeneous countries. We seek to characterize
cooperative and non-cooperative emission strategies in the framework of asymmetric
countries. On the modeling side we consider a world consisting of two asymmetric
countries with production activities that generate GHG emissions. We formulate the
heterogeneity between the two countries in terms of the social cost of geoengineering,
the environmental changes due to climate change, the productivity of the country, the
cost of emissions due to the production of the country, the time preference, the private
cost of geoengineering and the combination of productivity of the country and the
social cost of geoengineering. We are interested in analyzing the impact of each
instrument alone to each country’s decision about her own emissions and geoengineering
level.

Keywords: Climate change, heterogeneity, geoengineering, cooperation, differential
game, feedback Nash equilibrium, asymmetry

JEL: Q53, Q54.

1 Introduction

Human-driven climate change due to greenhouse gas emissions is becoming
increasingly important as a driver of biodiversity loss and the degradation of ecosystem
services. Even under the most optimistic scenarios, greenhouse gas concentrations are
predicted to continue to rise into the future leading to significant global warming. The
only sustainable solution to human-induced climate change is the reduction in
anthropogenic greenhouse gas creation and release. Given the scale of the task and the
current institutional lock-in of fossil fuel energy, there has been minimal political progress
made toward this solution over the last 30 years.

On the basis of current greenhouse gas emissions, their long atmospheric residence
times and the relatively limited action to date to reduce future emissions, the use of
geoengineering techniques has also been suggested as an additional means to limit the

** This research has been co-financed by the European Union (European Social Fund — ESF) and Greek
national funds through the Operational Program «Education and Lifelong Learning" of the National Strategic
Reference Framework (NSRF) - Research Funding Program: Thalis — Athens University of Economics and
Business - "Optimal Management of Dynamical Systems of the Economy and the Environment.
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magnitude of human-induced climate change and its impacts. Geoengineering is

defined as a deliberate intervention in the planetary environment of a nature and scale
intended to counteract anthropogenic climate change and its impacts. Geoengineering
techniques include increasing the reflectivity of the Earth’s surface or atmosphere, and
removing greenhouse gases from the atmosphere; other approaches have also been
proposed. Geoengineering can be differentiated from actions that mitigate (reduce or
prevent) anthropogenic greenhouse gas emissions. Sunlight reflection methods (SRM),
also known as solar radiation management, aim to counteract warming and associated
climatic changes by reducing the incidence and subsequent absorption of short-wave solar
radiation, reflecting a small proportion of it back into space. They are expected to rapidly
have an effect once deployed at the appropriate scale, and thus have the potential to reduce
surface global temperatures within a few months or years if that were considered desirable.

In this paper we examine a specific geoengineering proposal that suggests pumping
sulphur dioxide into the stratosphere to shade the earth from the sun by spreading very
small reflective particles.  This mimics what occasionally occurs in nature when a
powerful volcano erupts. For example, the Mount Pinatubo eruption in 1991 injected huge
volumes of sulphur into the stratosphere. The particles produced in subsequent reactions
cooled the planet by about 0.5° C over the next two years by reflecting sunlight back out to
space.

The definition of geoengineering encompasses a wide spectrum of possible actions
to counteract (or remedy) global warming and its associated  consequences. The
commonality of those actions is that they could produce global cooling, if applied at
sufficient scale. The deployment of geoengineering techniques, if feasible and effective,
could reduce the magnitude of climate change and its impacts on biodiversity. At the same
time, most geoengineering techniques are likely to have unintended impacts on
biodiversity, particularly when deployed at a climatically-significant scale, together with
significant risks and uncertainties. Furthermore, while approaches using SRM have the
potential to offset the radiative effects of all greenhouse gases, they do not directly
alleviate other consequences of changes in atmospheric chemistry, such as ocean
acidification. SRM is expected to rapidly have an effect on climate if deployed at the
appropriate scale.

However, SRM does not treat the root cause of anthropogenic climate change,
arising from increasing greenhouse gas concentrations in the atmosphere, nor would it
directly address ocean acidification or the CO2 fertilization effect. Moreover, it would
introduce a new dynamic between the warming effects of greenhouse gases and the
cooling effects of SRM with un- certain climatic implications, especially at the
regional scale. Another issue surrounding geoengineering is that of "moral hazard", the
possibility that if large-scale climate engineering is indeed deployed to counteract
increases in global temperature, then nothing significant will be done to reduce
greenhouse gas emissions as global warming will no longer be perceived as a problem.
If this were to happen then geoengineering efforts would need to be maintained for many
years to keep global warming below potentially dangerous levels. The expectation that
humankind would be able to continuously maintain a geoengineering effort at the required
level for this length of time is questionable.
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According to a previous paper from Manousi, Xepapadeas the presence of
geoengineering as a policy option results a higher level of steady state accumulation of
GHG:s relative to the case where geoengineering is not an option. This result holds at the
cooperative and noncooperative solutions, with relatively stronger incentives for
geoengineering at the noncooperative solutions. Higher GHGs could be compatible with
lower global temperature, at least in the short run, since geoengineering increases global
albedo which tends to reduce temperature. Thus geoengineering could lead to a solution
of relatively higher GHGs and temperature, or relatively higher GHGs but lower
temperature relative to the case where geoengineering is not an option. The outcome is
largely an empirical issue with many deep structural uncertainties. Another result
stemming from the aforementioned analysis is that even if geoengineering leads to a lower
temperature, maintaining this temperature requires a constant row of geoengineering.
Thus, if this row cannot be kept constant at some point in time, then there will be a jump in
the temperature which will be intensified since the stock of GHGs will already be high.

In this paper, we study a simple dynamic game of optimal policy design in terms of
emissions and geoengineering efforts involving two heterogeneous countries. The model
we develop consists of a traditional economic module along with a climate module based
on a simplified energy balance climate model (EBCM). EBCMs are based on the idea of
global radiative heat balance. In radiative equilibrium the rate at which solar radiation is
absorbed matches the rate at which infrared radiation is emitted. The purpose of
geoengineering as a policy instrument is to reduce global average temperature by
controlling the incoming solar radiation.

We seek to characterize cooperative and noncooperative emission strategies in the
framework of asymmetric countries. ~ On the modeling side we consider a world
consisting of two asymmetric countries with production activities that generate GHG
emissions.  The stock of GHGs blocks outgoing radiation and causes temperature to
increase. Geoengineering blocks incoming radiation which is expected to cause a drop in
temperature. This drop does not, at least in the way that our model is developed, depend on
the accumulated GHGs.

We analyze the problem, as it is usual in this type of problems, in the context of
cooperative and noncooperative solutions. In the cooperative case there is coordination
between the two countries for the implementation of geoengineering and the level of
emissions in order to maximize the joint, or global, welfare. In the noncooperative case,
each government chooses geoengineering and emissions policies noncooperatively, in this
case we analyze feedback Nash equilibrium (FBNE) strategy. We first derive the optimal
steady state level of geoengineering, emissions, temperature and GHGs accumulation
under the fully symmetric scenario, in cooperation and feedback Nash strategies, and
compute the associated welfare level of each country. Although this scenario is unlikely to
occur in practice it does serve as a useful benchmark against which other outcomes may be
compared.

We formulate the heterogeneity between the two countries in terms of the
social cost of geoengineering, the environmental changes due to climate change, the
productivity of the country, the cost of emissions due to the production of the country,
the time preference, the private cost of geoengineering and the combination of productivity
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of the country and the social cost of geoengineering. We are interested in
analyzing the impact of each instrument alone to each country’s decision about her
own emissions and geoengineering level. We also want to study the impact of this
decision to the environment in terms of the steady state stock of GHGs and the
temperature.

Our first main result follows from introducing asymmetry to the social cost of
geoengineering of each country. High level of social cost of geoengineering implies low
level of geoengineering effort and high temperature. If the source of asymmetry between
the two countries is the different productivity level that generates emissions, then we
observe that the country with the relatively high productivity level will adopt a policy of
high level of emissions and geoengineering and this will result high steady state stock
of GHGs and temperature. On the other hand, we have the exact opposite results in
steady state level of emissions, geoengineering, stock of GHGs and temperature if the
source of asymmetry between the two countries is the different cost of emissions due to
country’s production.

Another interesting rending suggests that when environmental changes to a country
due to climate change are more severe compare to the other country, then we expect
that the first country will rise her geoengineering efforts and reduce her emissions.
This will lead to a lower level of stock of GHGs and temperature compare to the steady
state levels under symmetry. If we have a combination of high productivity level that
generates emissions at the first country and a low social cost of geoengineering at the
second, we observe higher emissions at the first country and higher geoengineering efforts
on both countries relative to the steady state levels under symmetry. We also have higher
level of stock of GHGs and temperature compare to the steady state levels under
symmetry.

The last key finding concerns the difference in time preference between the two
countries. If one of the countries is very impatient and the other is relatively patient then
we have high level of geoengineering efforts, high emissions for the impatient and low
emissions for the patient and this leads to a higher level of stock of GHGs and
temperature compare to the steady state levels under symmetry.

Some graphical findings

Figure 1 presents the time path for the optimal emissions, Figure 2 presents
geoengineering, Figure 3 presents the GHGs stock and Figure 4 presents the level of
temperature in case of cooperation and symmetry between countries in cooperation.
Similarly, Figure 5 presents the time path for the optimal emissions, Figure 6 presents
geoengineering, Figure 7 presents the GHGs stock and Figure 8 presents the level of
temperature in case of noncooperation and symmetry between countries in the
nonCooperative solution — feedback Nash.
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Conclusions

The present paper analyzed a dynamic game that was interpreted as a model of
international pollution control. The theoretical results are consequently applied to a linear-
quadratic model of climate change. In our simulations we solved the model under a fully
cooperative and symmetric framework and we calibrated the parameters of asymmetry. The
methods we employ build on the preceding theoretical analysis and may be of independent
interest for robust control applications. Allowing asymmetry on several parameters of our model
we observed the optimal policy of each country.

The first key finding concerns the difference in the marginal damage cost from an
increase in temperature and in the marginal cost from emissions in each country. These
sources of asymmetry have the same results regarding the level of emissions, temperature and
stock of GHGs. In brief, if the reduction in the marginal damage cost from an increase in
temperature or in emissions in one country dominates the rise of the same parameters in the other
country, then emissions, temperature and stock of GHGs increase. The result is different only for
the case of geoengineering. For the reduction of marginal damage cost from an increase in
temperature from its steady state value we observe a reduction of geoengineering, contrariwise in
the case of reduction of the marginal cost from emissions we see an increase.

Another important result caused by the asymmetry in the social cost of geo- engineering
between the two countries. The country with the higher social cost of geoengineering reduces
geoengineering efforts and this implies a rise in temperature. The deviation of the parameter of
the level of productivity of each country gives us also important results. At first we examined the
impact of the marginal benefits from production alone and we confirmed that an increase of the
marginal benefits from production from its steady state value leads to an increase of
emissions, geoengineering, temperature and stock of GHGs. After that we assumed a
combination of an increase of the marginal benefits from production in one country along with a
reduction in the social cost of geoengineering in the other. As we expected this combination of
asymmetry leads to a rise of emissions, geoengineering, temperature and stock of GHGs, as the
in- crease of the marginal benefits from production seems to affect more the level of temperature
than the reduction in the social cost of geoengineering.

For our last finding we assumed that the source of asymmetry is the difference in
discount rate between the two countries. The most interesting result follows out when we have a
relatively patient and a rather impatient country. In this case the very impatient country rushing
to increase her emissions along with her geoengineering efforts. Due to the increase of
emissions the relatively patient country forced to increase her geoengineering efforts too,
although she already has reduced her emissions. This increase of emissions from the impatient
country affects the level of GHGs and temperature, which rise.

As last source of asymmetry we examined the impact of the private cost of
geoengineering to our model. The results showed that the level of the private cost of
geoengineering has a minor influence to the levels of emissions, geoengineering, temperature and
stock of GHGs6. In specific, the deviations from the steady state level were almost zero for all of
the variables, despite of the proportion of the reduction or increase of the parameter. This work
suggests several interesting avenues for future research. A more complete treatment of the issues
presented here would extend the basic model to incorporate the impact of geoengineering as an
alternative policy option against climate change. Introduction of uncertainty - especially as deep
structural uncertainty - including characteristics such as model uncertainty, ambiguity aversion,
robust control methods, or regime shifts, is a very important area of further research.
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Abstract

The paper examines the issue of allocating fishing rights for the management of East
Atlantic and Mediterranean tuna. Although, it is well known that fairness plays a crucial
for the acceptability of international environmental agreements, usually there is a tradeoff
between fairness and stability in such agreements. Our approach comprises three stages.
First, various equitable rationing methods (originated from the “bankruptcy” literature)
are used to allocate the fishing rights. Second, fairness and stability criteria are used to
assess how appropriate these allocation rules are. The final choice was facilitated by
using the index of social envy. The results highlight the likely trade-off between fairness
and stability that prevails over international agreements and present a way to reconcile it.

Keywords: TAC, Common Property Resources, Bankruptcy Rules, Stability, Fairness.

1. Introduction

The management of the stock of the blue fin tuna is under the aegis of the
International Commission for the Conservation of Atlantic Tunas (ICCAT). ICCAT
manages the population of bluefin tuna as two separated stocks, the western Atlantic
stock (BFTWA) and the Eastern Atlantic and Mediterranean stock (BFTEAM). In 1996
ICCAT responded to the peril of tuna stock over-exploitation by launching Total
Allowable Catches (TAC) (Fromentin and Ravier 2005). The initial set of TAC was
based on the historical catches, a rationale commonly referred to as “relative stability”
(Khalilian et al. 2010). ICCAT has incorporated a number of additional considerations in
allocating the TAC among countries such as the spatial distribution of stock, the
proximity to coastal states and legitimate claims of countries with historically low
catches (Sumaila and Huang 2012).

Distributional issues, such as allocation rules and justice claims, are always at the
core of fisheries and coastal governance (Jentoft and Chuenpagdee 2009). Johansson-
Stenman and Konow (2010) argues that cooperation is enhanced if the principle of
efficiency is reconciled with inequality aversion. Baland (2006) found that the inequality
level in the fish shares may influence the adoption of conservation measures among
fishermen.

Despite the fact that there is no general accepted compliance theory for
International Environmental Agreements (IEAs), fairness, according to Grossen (2004),
provides the conceptual tool to manage the tension between change and order in such
agreements (Mitchell 2003). However, it is not only fairness considerations which
enhance cooperation, but also stability plays an important role. An agreement is taken to
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be stable if none of the signatories wishes to withdraw and none of the non- ENVEGON 201%

signatories has an incentive to join the scheme (Diamantoudi and Sartzetakis 2006).

The aim of this paper is to propose an approach that combines fairness and
stability considerations in the selection of the appropriate allocation rule for the
BFTEAM. The next section describes the proposed approach, section 3 presents and
discusses the results, and finally the conclusions are given in section 4.

2. A novel approach for allocating the tuna TAC for the East Atlantic and
Meditteranean.

Our approach comprises three steps. The first one examines various allocation
rules originated from the “bankruptcy” literature as likely alternatives to the ICCAT’s
rationale. In the second step we apply the fairness and stability criteria to generate two
sets of qualified alternatives. At last, in the third step we apply the index of social envy to
get the final choice. The following figure presents the proposed approach.

[ List of Alternatives

Stability
criterion

Fairness
criterion

accept

Qualified
fair
options

Qualified
stable
options

Minimize
Index of
Social Envy

Figure 1: A novel approach to allocate TAC

2.1 Step 1: Possible Rationing Rules of allocating the Tuna TAC.
It is convenient to consider the unregulated fish catches as the vector of their
claims, ¢, where ¢eR" and the ith component of ¢, denoted by c,, represents the

unrestricted fish catch by country 7, in the baseline year, namely 2010. Hence, ch.
ieN
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denotes the total unregulated fish catch or the total claims from all fishing ~ -/ 2014

countries. Consequently, the total allowable catches are TAC = Zri =(1 —a)z ¢, , while
ieN ieN
aZci denotes the total required reduction in the fishing quantities of the baseline year
ieN
and r, stands for the regulated catch of the ith country.

The rationing of TAC to the involved countries is arguably the most crucial issue
in designing a (voluntary) fishing management. The reason is that such an agreement is
more likely to be acceptable if the involved agents perceive it as fair (Wood 2011). To
this end, the paper examines a set of “equitable” allocation rules drawing from the
relevant “bankruptcy” literature (Hougaard 2009). According to Brams and Taylor (1996)
an “equitable” allocation rule does not necessarily assign equal shares to the involved
agents but shares in proportion to their entitlements (needs, demands or claims).

The first allocation rule examined is the Equal Proportional Rule (PR), which is
probably the best known method, in which proportionality is often taken as the definition
of fairness for claims problems (Thomson 2003). The PR is defined as:

7 z(l_a)ciz(ci Zci](l_a)zci ey

ieN ieN
From the “bankruptcy” literature we consider the following rules. The first rule is the
Constrained Equal Award (CEA). The CEA is defined as:
r= min(cl.,a)) 2)

where o= (l—a)z c / N >0. The rationale of CEA is that every country receives the
ieN
same amount as long as this amount does not exceed the country’s claim. Formally, if
¢, >(1 —a)z c / N, then each and every country receives the same amount equal
ieN
to (l—a)Zci / N . On the contrary, if ¢, <(1 —a)z c / n then the ith country receives the
ieN ieN
amount ¢, and the remaining countries receive r, =(1-a) Z:{ }cj / (N-1) , where
JeN—{i

Z ¢, +¢ = Zci and Z rte = Z}; . Inarra and Skonhoft (2008) examined such a
JjeN—{i} ieN JjeN-{i} ieN
rule for distributing TAC concerning the North East Atlantic Norwegian cod. The CEA is
the unique Lorenz-maximising rationing rule, in the sense that no other rule results in
more equally distributed shares (Hougaard 2009).

Another similar rule is the Constrained Equal Loss (CEL). The CEL is defined as:
7, = max {O,y/l.} 3)
where v, =¢, - az ¢ / N > 0. The rationale of the CEL is that every country receives its
ieN
claim, ¢,, and the required reduction is allocated equally to all countries. Formally, if
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C >az /N , then each and every country receives the amount equal

r= ,—az / N . On the contrary, if ¢, < az c / N then the ith country receives zero

ieN ieN

amount, 7, =0, and the remaining countries receive r; =c, —(GZC[ -, j /(N —1) ,
ieN
where j e N —{i}. The CEL is the unique Lorenz-minimising rationing rule, in the sense

that no other rule results in less equally distributed shares (Hougaard 2009).

Also a well-known rule is the Talmud (TALM). The TALM is defined as:

=cl./2+CEL(cl./2,(1—a)Zci —zcl./zj (4)

ieN ieN

The rationale of the Talmud rule is that each country gets half of her claim and the
remainder is distributed by applying the constrained equal losses rule to the vector of half
claims (Bosmans and Lauwers 2011).

Another “bankruptcy” rule is the Adjusted Proportional (AP). The AP is defined

as: @zmﬁ{(l—a)Zci—Zmi}pi (5)

ieN ieN
The AP rule first gives each country her minimal right, m,, and then allocates the
remainder according to the countries’ new claims, p,. The minimal right of country i is
defined as the maximum of zero and the difference between the amount to divide and the

claims of the other countries, that is m, =max{0,(1—a)2q — Z c j}, and the new
ieN /EN—{'}

claim of country i is p, =(c,— / Z ¢,—m,). The rule was initially proposed and

ieN
characterised by Curiel ef al. (Curiel et al. 1987).

A modification of the AP rule is possible by adjusting the concept of minimal right.
Drawing on the rationale of the constrained egalitarian rule (Bosmans and Lauwers
2011), we adjust the AP rule and coin the term Adjusted Proportion-Constrained
Egalitarrin (AP-CE). In this context, we propose the following definition of the minimal

right of the i country :
m, max{c/2 mln[cl,Zc/N]} 6)
ieN

Otherwise the AP-CE works as the AP rule.

Finally, in line with Weikard et al. (2006) we examine a convex combination of the
Equal and the Proportional sharing rules (E&P). Such a method allocates a proportion €
of TAC equally and the rest (1-8) according to the equal-proportional rule. The E&P is

defined as:
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=(1—9)(l—a)ZC/N+9( /ZCJ(I a)Zc ('7:):""":"-"*214

ieN ieN ieN
Giménez-Gomez and Peris (2014) defined the scalar @ as:

6’=max{0,{2q((l—a)2q—Nq] (l—a)Zc[(Zc[—Nclﬂ} ®)

ieN ieN ieN ieN
where ¢, is lowest claim of all countries. The resulting allocation rule by plugging (8)
into (7) is termed by the authors as a_, Egalitarian rule (a-min) in the sense that a
minimum amount ¢ >c¢, must be received by each country. Note that this minimum

amount is context specific.

2.2 Step 3: Fairness and Stability Criteria.

The reduction of inequality (or inequity aversion) 1is often considered to be as
synonymous with the concept of distributive justice (Konow 2001), whereas the latter is a
manifestation of fairness (Konow 1996). To this end, we assess the likely fairness of the
alternative allocation rules by using inequality indices. Among various such indices we
restrict our attention to the Atkinson Index (A), the Gini coefficient (G) and the
Generalized Entropy one (GE). The Atkinson Index, A, is given by:

1

AZI_[%Z(%)“]H e#l )

where, 7, stands for the fish quotas of the ith country and g is the average fish quotas.

The parameter £>0 represents the weight attached by ICCAT to inequality in fish
quotas. The higher the parameter ¢ is the higher the sensitivity attached to the transfers

&
to the countries with small fish quotas. The index 4 ranges from zero to (l—n)fﬁ.

According to Barr (1998), the A can be seen as an index of the potential gains from
redistribution. The index A explicitly introduces such judgements through the choice of
the parameter ¢ , which ranges frome& =0 meaning that society is indifferent about
income distribution, to & =00, which means that society is concerned only with the
position of the least advantaged members of society. The latter case corresponds to what
Rawls (1971) refers to as a contractual theory of justice, where inequality is assessed in
terms of the position of the last advantaged members of society. Despite the numerous
advantages of the A index (see Temkin (1993) pp:137-138) the main problem attached to
it is that there is no way of fully calibrating ¢ .

The Gini Index is arguably the most-known inequality index (Temkin 1993), which
is given by:

10
=3 q (10)
Values close to zero indicate minimal 1nequa11ty whereas values close to 1 (or 100%)
reflect maximal inequality.Finally, the Generalised Entropy is given by
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The values of GE measures vary between 0 and oo, with zero representing an equal
distribution and higher value representing a higher degree of inequality. The parameter
a R represents the weight given to distances between shares in different parts of the
fish shares distribution. Lower values of a indicates that the measure is more sensitive to
changes in the lower tail of the distribution and vice versa for higher values. The
GE(1—¢) is the A index, while the GE(2) yields an index that is cardinally equivalent
to Herfindahl index and finally the GE(1) is commonly known as the Theil index
(Cowell 2011).

In turn, we examine the relative stability of different allocation rules by using a
stability measure, known as Power Index (PI). The PI is often used for selecting stable
solutions for cooperative problems in cases where the involved partners are negotiating
an agreement (Loehman et al. 1979; Dinar and Howitt 1997; Madani and Dinar 2012).
For allocation problems the PI for the i partner can be written as (Read et al. 2014):

max

1 1
al- =
maX_
>ow (™ —r
i

where w, is the long-run average fish share of the i country and ™ denotes the

(12)
)

maximum claim of the i country across all the scenarios. (Dinar and Howitt 1997)
propose to measure the stability of the group decision of a cooperative problem as the

) L o . . .
coefficient of variation, CV =— estimated across all players for a given scenario. Note
a

that o denotes the standard deviation of the set of a, and a is the average power index.
Low values of CV indicates greater stability and vice versa.

2.3 The Index of Social Envy

These two criteria, namely fairness and stability, yield two different sets of qualified
alternatives, those that are fairer than the ICCAT’ rule and those that are more stable than
the ICCAT’s rule. In turn to the members of the intersection of these sets we estimate the
index of social envy to get the final solution. The index of social envy (ISE), proposed by
Chaudahuri (1986), can be written as:

ISE=Y"E/(r) (13)
where
E,-(r)=Z(”_""") Vr, <F, (14)
k Tk

where 7, denotes the ICCAT’s share for the i country.
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3) Results and brief discussion ENVECON 2014

The next table presents the estimated inequality indices for the possible scenarios
examined.

Table 1: Inequality across possible allocation rules

AP-

PR CEA CEL TALM | Amin | AP CE ICCAT
Atkinson
(e=0.5) 0495 | 0482 | 0.614 0.541 0492 | 0.512 04| 0.501
Gini 0.741 0.732 | 0.774 0.764 0.74 | 0.754 | 0.658 0.747
Generalized
Entropy
(60=0.5) 1.157 1.122 1.151 1.29 1.149 1.2 ] 0.901 1.173

On the basis of these results the set of the qualified fairer allocations comprises the PR,
the CEA, the Amin and the AP-CE rules.
The following Table displays the stability indices of the possible alternatives

Table 2: Stability indices for the possible allocation rules

PR CEA CEL TALM | Amin | AP AP-CE | ICCAT

Cv 2.751 3.356 1.331 1.167 2.783 1.161 3.976 2.817

From Table 2 it is clear that the second set, that of the more stable alternatives, comprise
the PR, the CEL, the TALM, the Amin, and the AP rule.

Consequently, in the intersection of these two sets belong only the PR and the
Amin allocation rules. Finally, we estimated the ISE indices for these two candidates, the
values of which are given in the following Table.

Table 3: The comparison between PR and Amin based on the ISE index

PR Amin

ISE 1.965 1.882

From Table 3 it is evident that the Amin rule is the chosen allocation rule which
compromise fairness and stability. Such a result was somehow anticipated since it is
shown by Giménez-Gomez and Peris (2014) that the Amin rule Lorentz dominates the
proportional solution. It is noteworthy that the Amin rule represents a specific
combination of two focal rationales in the sharing problems. The first rationale put
forward by the equal shares method can be seen as a “leftist” approach since it modifies
the existing relative inequalities of the countries’ entitlements. By contrast, the
proportional sharing can be interpreted as a “rightist” approach since it preserves such
relative inequalities. The terms “rightist” and “leftist” are due to Kolm (1976).

The selected rule is characterized by the property of resource monotonicity, super
modularity, order preservation as shown by Giménez-Gomez and Peris (2014), which
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guarantees that such a solution remain consistent and valid if the resource :

availability changes.

Conclusions

The paper challenged the appropriateness of the relative stability used by ICCAT.
We considered a set of alternatives allocations originated by the bankruptcy literature and
we used fairness and stability criteria to evaluate these alternatives against the ICCAT’s
rule. As it was anticipated fairness and stability do not coincide. Only two possible
allocation rules are found to be fairer and more stable than the ICCAT’s rule, the equal
proportional and the Amin. The dilemma of choosing between them was resolved by
using the concept of social envy. By minimizing the index of social envy, it was found
that the solution which successfully reconciles stability and fairness is the Amin.

The main result obtained is that the allocation rule which is defined as the
weighted average of equal proportional and equal share rationales is the preferred one.
Such a result can be interpreted as a compromise solution in terms of the “rightist” and
the “leftist” solutions in Kolm’s (1976) terminology. Finally, the selected allocation rule
is easy to implement, and is characterized by very interesting properties.
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Abstract

The aim of the paper is to analyse the macroeconomic costs and benefits for the EU as a
first mover in climate change mitigation. A general equilibrium approach is followed
using the GEM-E3-RD global multi-sectoral model enhanced with endogenous
technology learning mechanisms. The EU is faced with an important dilemma: Does it
undertake immediately a strong effort towards decarbonisation of the EU energy system
in the hope that other countries will eventually join or does it delay such action until an
international consensus has been reached? In exploring this question a number of
scenarios using the GEM-E3-RD model have been evaluated. The Reference scenario
represents a situation where climate policy is limited to current commitments of the
different countries of the world. The EU Alone scenario assumes that a unilateral EU
action is taken and the world fails to follow suit before 2050. A third scenario assumes
global delayed climate action until 2030 and strong decarbonisation action after 2030.
Finally a first mover scenario was evaluated assuming that the EU undertakes early
action and the world joins it after 2030. The model results show that first mover action
drastically diminishes European mitigation costs due to a prolongation of the
decarbonisation period and the increased exports of clean energy technologies. Early
action sets into motion R&D effort on clean energy technologies which combines with
economies of scale (learning by doing) obtained by drastically increased uptake within
the EU leading to cost reductions. Such reductions can to some extent be appropriated by
European industries leading to competitive advantage in global markets for clean energy
technologies, which can be particularly important in case of strong mitigation policies in
non-EU regions after 2030. The model projections show that electric vehicles, CCS and
photovoltaics are the key technologies that can generate large benefits in case of
European first mover climate action.

Keywords: First mover advantage, General equilibrium model, endogenous growth,
fragmented climate policies

Introduction

In the last two decades climate change has emerged as one of the great global
policy challenges, as it is increasingly recognized that unabated climate change can have
large impacts on human societies and economic development. In the last UNFCCC
conferences of parties, most countries made pledges to reduce their GHG emissions (or
GHG emissions intensity of GDP) by 2020. However, the emission pledges made by the
major carbon emitting economies are not binding and not ambitious (as assessed UNEP
(2013)). As a result, emphasis has shifted towards regionally asymmetric climate policies
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and the integration of other policy priorities, such as uptake of low carbon
technologies, security of energy supply, innovation through R&D, industrial
competitiveness and economic development.

The EU leads the global effort for climate change mitigation, as it has already
adopted a binding target to reduce its GHG emissions by 20% relative to 1990EC(2009),
established the world’s largest emissions trading system (EU-ETS) and has implemented
a number of additional energy and climate policies at national level. Furthermore, the
European Union confirmed its long-term objective to reduce its GHG emissions by 80-
95% compared to 1990 levels by 2050 (EC (2014)) Recently, the European Commission
adopted the 40% GHG emissions reduction target by 2030 that is considered to be in line
with the long term decarbonisation target (EC (2014)), (Capros et al 2014).

A central concern for the EU policy makers is what would be the macro-economic
implications in case that Europe unilaterally adopts strong decarbonisation policies
without an international agreement on GHG mitigation in place. Decarbonisation for the
EU generally involves substitution of imported fossil fuels by domestically produced
goods and services, which are used to improve energy efficiency and implement emission
reduction technologies. Higher energy prices due to strong carbon pricing constitute a
challenge for trade-exposed European energy-intensive industries (Paroussos et al 2014),
while decarbonisation is considered to have a positive impact in energy efficiency
services and in the agricultural sector due to higher demand for bioenergy.

Computable General Equilibrium (CGE) models have been extensively used to assess
the macro-economic and sectoral implications of alternative climate policies. GEME3-
RD represents comprehensively the economic production and trade of goods with high
sectoral resolution and accounts for the complex interactions between the energy system
and the overall economy (Capros et al 2014). Climate policies and measures implemented
in a group of countries (e.g. in the EU) would also affect other countries, as economies
are interconnected through multiple channels, including trade in goods and services, trade
of fossil fuels, knowledge and technological spillovers and financial flows. The main
impacts of asymmetric climate policies include (Enrica De Cian et al 2013):

¢ Energy market effect: increase of energy consumption in non-abating countries
induced by lower international fossil fuel prices due to emission reduction, hence
lower fuel consumption, in the carbon abating regions (EU)

e Industry relocation: energy intensive production partly shifts from the EU to
regions that do not implement climate policies due to changes in relative costs of
production (Paroussos et al 2014)

e Technology innovation and diffusion: The imposition of climate policy in a
region increases its energy prices and thus stimulates innovation and diffusion of
low carbon technologies to other parts of the world (Carraro 2010)

Energy system and general equilibrium integrated assessment models (IAMs) usually
represent some of these channels. De Cian et al (2013) confirm that in the suite of 8
IAMs they employed, there is no single model that describes all three channels. On the
other hand, GEME3-RD represents endogenously all international mechanisms discussed
above and thus it is particularly well equipped to quantify the macro-economic impacts of
asymmetric climate policies. Another effect that has not been explicitly captured by any

1° Haveiiavio Zovédpro Owovopkng tmv Guctkav [dpwv kot tov Iepifdiiovtog:
Khpotikn AAlayn, Borog 26-27 Maprtiov 2014
231



ENVECON 2014

macro-economic model so far (Enrica De Cian et al 2013) concerns the potential
domestic industry effects that being a global technology leader might bring about. In
order to evaluate the possibility that the EU becomes a leader in clean energy
technologies and sells them to other regions, GEME3-RD has been enriched with a
separate representation of the most important clean energy producing industrial sectors.
The model also includes endogenous technological change mechanisms for zero carbon
technologies through both learning by experience and learning by R&D and innovation.
The objective of the study is to explore whether the European economy can get first
mover advantages, at least partially for some sectors, by pursuing ambitious climate
targets earlier than other regions or whether it would be preferable that the EU waits to
synchronize carbon abatement actions with the rest of the world. Towards this end, we
evaluate a series of alternative scenarios that assume asymmetric climate policies with the
GEME3-RD model, which constitutes the first large scale CGE model that projects
endogenously the production and global trade of clean energy producing sectors, while it
incorporates a detailed representation of the energy system and endogenous technology
dynamics mechanisms. All mechanisms are embedded within the strict specification of
general equilibrium modelling.
The GEME3-RD model

GEME3-RD (Capros et al 2012) is a global, multi-region, multi-sectoral,
recursive dynamic CGE model that covers the interactions between the economy, the
energy system and the environment and provides quantitative results until 2050 in five-
year steps. GEM-E3 covers the entire economy and can evaluate consistently the effects
of energy and climate policies on economic activity, national accounts, investment
patterns, domestic consumption, public finance, balance of trade and employment in the
various economic sectors and agents.

The regions explicitly identified in GEM-E3-RD include both developed (the EU-
28 region, North America, OECD Pacific) and emerging economies (China, Energy
Exporters, rest of the world). The model covers all production sectors aggregated to 38
(Table 1) and economic agents (firms, households, government).

The GEM-E3-RD model computes the equilibrium prices of goods, services,
labour, energy and capital that simultaneously clear all markets under the Walras law
(global closure). It formulates separately the supply and demand behaviour of the
economic agents which are considered to optimize individually their objectives, while
market derived prices guarantee global equilibrium. Productive sectors operate within a
perfect competition market regime and maximize profits, while household demand,
savings and labor supply are derived from utility maximization of households assuming
exogenous demographic developments. The regions of the model are linked through
endogenous bilateral trade following the Armington specification (1969), according to
which domestically produced and imported commodities are considered to be imperfect
substitutes. The labour market is modelled following the efficiency wages approach
(Shapiro and Stiglitz 1984) which allows for non-voluntary unemployment and flexibility
in wages.

Households purchase goods and services for various purposes from which they
are assumed to derive utility. Some of these goods and services are consumed directly,
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whereas others are consumed through the use of durable goods, such as houses,
appliances and cars. The GEME3-RD model distinguishes between durable and non-
durable goods and links the consumption of goods and services to the use of durable
goods. The stock of durable goods changes dynamically over time due to investment of
households in new durable goods (which are determined endogenously).

Table 1: GEM-E3-RD Sectors

Code  Sector Code Sector
01 Agriculture 20 Production of Ethanol
02 Wheat, Cereal Grains, Sugar 21 Production of Bio-Diesel
cane, sugar beet
03 Oil Seeds 22 Coal fired power generation
04 Coal 23 Oil fired power generation
05 Crude Oil 24 Gas fired power generation
06 Oil 25 Nuclear power generation
07 Gas 26 Biomass power generation
08 Electricity supply 27 Hydro-electric production
09 Ferrous and non-ferrous metals 28 Wind power generation
10 Chemical Products 29 Photovoltaics power generation
11 Other energy intensive 30 CCS Coal power generation
12 Electric Goods 31 CCS Gas power generation
13 Transport equipment 32 R&D services
14 Other Equipment Goods 33 Production of Wind
15 Consumer Goods Industries 34 Production of PV
16 Construction 35 Production of CCS
17 Transport 36 Production of Electric Vehicles
18 Market Services 37 Production of Advanced energy
efficient equipment
19 Non Market Services 38 Dwellings

The GEME3-RD model includes a bottom-up representation of the energy system,
which is described in brief below:

e Power generation: Electricity producing technologies identified in the model (coal,
oil, gas, nuclear, wind, biomass, solar, hydro, CCS coal and CCS gas) are treated as
separate production sectors (sectors 22-31 in Table 1). Competition of technologies to
cover electricity demand is determined by their generation costs, which include
investment, operating and maintenance and fuel costs. Capital costs depend on both
learning by doing and learning by research effects.

e Transport: Households are assumed to decide between public transport and the use
of private vehicles. The model represents the competition between electric and plug-in
hybrid cars with conventional private cars.
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e Energy demand of households: Advanced energy-saving equipment that
uses a variety of fuels (coal, oil, natural gas, biomass, electricity and renewables)
competes with conventional equipment to satisfy heating, cooking and electricity
demand of households.

e Energy efficiency investment: Substitution between fuels towards more efficient
options and substitution between energy and non-energy inputs (e.g. substitution of
energy with capital, labour and materials) directly lead to energy efficiency
improvements. Firms and households are modelled to have the possibility to invest in
energy savings, instead of other investments. The effect of cumulative energy
investments on energy productivity exhibits diminishing returns to scale. Investments
in energy efficiency improvement are incited by high carbon prices but can be also
driven by specific energy efficiency promoting policies.

e The carbon price is determined endogenously at an economy-wide level so as to
meet the given emission reduction target in each scenario for each region identified in
the model.

In order to quantify the competitive advantage that the EU can get by adopting
strong climate policies earlier than other regions, the equipment production sectors were
split to separately represent production of the most important clean energy technologies,
including wind turbines, photovoltaics, CCS, electric vehicles, advanced energy efficient
household equipment and production of biodiesel and ethanol. The new production
sectors were consistently introduced in all Input-Output tables, the investment matrices
and the bilateral trade matrix of the model. The agriculture sector has been split into
sectors producing feedstock for food and other purposes and sectors producing feedstock
for biofuels (production of biodiesel and ethanol are distinguished). The representation of
these new sectors in the model and the compilation of consistent data for their regional
production and global trade represents a considerable challenge as it must be embedded
with the strict specification of the CGE modelling framework.

Endogenous technical progress has been incorporated in the model in the form of
two factor learning curves (Kouvaritakis et al 2000). In this specification, cost
improvements of clean energy technologies depend on their cumulative production
(learning by doing effect) and on the cumulative R&D stock (learning by research).
Appropriate learning rates have been introduced for zero carbon technologies.
Knowledge diffusion and spillovers between regions are also represented in GEME3-RD.

The R&D sector is modelled separately and provides its services to firms,
households and government (public R&D). Production functions of clean energy
producing sectors are assumed to be Constant Elasticity of Substitution (CES) functions
and exhibit a nested scheme, involving capital (K), labour (L), energy (E), materials (M)
and R&D. At the top level the producer decides on R&D expenditures. Investments in
R&D are determined by the production nested scheme and depend on the R&D cost
relative to costs of other production factors. R&D expenditures are translated into a
cumulative “stock of knowledge”, which determines learning by research for zero carbon
technologies. Appropriate depreciation rates of R&D have also been established.

Clean energy technologies have a large potential for cost reduction if developed at
a large scale as a result of R&D expenditures and economies of scale in mass production.
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The imposition of strong emission reduction targets in GEME3-RD leads to
higher deployment of zero-carbon technologies. Higher demand for clean energy
equipment implies more production, hence higher learning and bigger productivity gains
that can be increased further due to additional R&D expenditures. In case such learning
progress takes place only in one region (e.g. in the EU), this region gains a competitive
advantage and thus a higher market share in global trade for these technologies.
Scenarios quantified with the GEME3-RD model

The study involves comparisons of model results for a sequence of four scenarios
with the objective to quantify the conditions that enable the EU to get First Mover
Advantage in the case of unilateral climate action. The four scenarios examined in the
analysis include (Table 2):

o The Reference Scenario (Ref) that assumes continuation of fragmentation in
regional climate policies to 2050. The regions implement the low end of their
Copenhagen-Cancun pledges and the targets for RES deployment up to 2020 and
continue to improve their carbon intensity of GDP in the period 2020-2050 at
rates comparable to their action in the period 2005-2020. This scenario is
consistent with the moderate climate policy reference scenario of the AMPERE
project (Kriegler et al) and the reference scenario for Europe of the Energy
Roadmap 2050 [3], (Capros et al 2014).

o The 450 ppm mitigation scenario with delayed action until 2030 (450delay),
where a cumulative global carbon budget (consistent with keeping the GHG
atmospheric concentration below 450 ppm) is imposed as a constraint in the
period 2030 to 2050 (Kriegler et al). Before 2030, the models follow the reference
scenario assumptions. Europe meets the carbon budget of the period 2010-2050 as
specified in the Roadmap 2050 [3].

o The EU Alone decarbonisation scenario (EU-alone), where Europe is assumed
to adopt stringent emission reduction action from 2015 in line with the EU
Roadmap targets, while non-EU regions implement the climate policies of the
Reference scenario.

o The EU as a First Mover in climate policy until 2030 (EU-FMA), which
assumes that the other world regions join the stringent unilateral EU
decarbonisation action (in line with the Roadmap targets) in 2030. The scenario
assumes that the global carbon budget of the 450 ppm target is met in the period
to 2050.

e Scenario Results

e Global market for clean energy producing sectors

At present, the sectors producing clean energy technologies represent a relatively
small share of global economic activity (0.1% of world GDP in 2010). However, there is
a large potential for expansion of clean energy production under the Reference scenario
assumptions. The expansion of these sectors would be even more rapid in the case of
strong mitigation policies, as the relative competitiveness of clean energy technologies
compared to fossil fuel alternatives increases leading to massive deployment of zero
carbon options (Figure 1). In the 450-delay scenario, the global market for clean energy
technologies is projected to amount to 62 trillion $05 (cumulatively over 2010-2050)
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which is equivalent to 1.6% of cumulative global GDP. Their relative importance ENVEGON 201%

is even higher for the EU region as they account for 3.1% of its cumulative GDP.

The major impact of the 450 scenario occurs in electric and plug-in hybrid vehicles,
which are deployed very modestly in the Reference scenario but become essential in the
mitigation context. They tackle the issue in the important road transport sector, which
accounts for nearly 20% of global carbon emissions in 2010 and is not amenable to many
other mitigation options.

Table 2: Scenarios specifications

Scenario  Scenario  Global EU 2050  Climate policy = Climate Policy in
Type name Target target until 2030 2030-2050
Reference Ref None  Reference Derived from regional reference
policy targets climate targets
Delayed  450delay 450 EU Reference EU Roadmap,
450 action ppm  Roadmap scenario others 450 target
EU alone EU-alone None EU EU follows the Roadmap, others the
scenario Roadmap reference scenario until 2050
EUasa 450 EU EU Roadmap, EU Roadmap,
First EU-FMA ppm  Roadmap others Ref others 450 target
Mover

Figure 1: Global market for clean energy technologies (2010-2050)
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Consequently, electric vehicles constitute the most important mitigation option in
economic terms with a global market of 26 trillion $05 cumulatively. The reference
scenario already implies a sizeable industry for wind turbines, which are a relatively
mature technology implying limited potential for further cost reductions and therefore the
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impact of the scenario is relatively modest. The cumulative market of
photovoltaics is projected to amount to about 10 trillion $05 in the mitigation scenario.
Biodiesel sees a marked increase especially as mitigation takes place after 2030 when
lignocellulosic options are widely available. The latter explains the insignificant impact
of the scenario on ethanol production. Another mitigation option that can generate a large
market under appropriate policy conditions concerns CCS. The global cumulative market
for CCS more than doubles in the 450 delay scenario relative to the Reference, driven by
the large potential for deployment of CCS technologies in major emerging economies
such as China and India.

e The EU position in global clean energy market
In the EU-FMA scenario, Europe is motivated to invest in R&D in clean energy
technologies early in the forecasting period and at the same time it benefits from a fast
growing EU market enabling the consolidation of economies of scale and other learning
by doing advantages. The European internal market is sufficiently large to allow for
achieving a large part of the learning potential for clean energy options, thus leading to
cost reductions. The EU is therefore well poised to gain a major slice of the global market
by taking advantage of its early start at the time when world demand starts expanding
very rapidly as non-EU regions join in the mitigation effort (Figure 2). Beyond 2030, this
advantage is gradually eroded due to spillover effects as productivity improvements are
absorbed by EU competitors. This erosion notwithstanding, the EU maintains an
advantage even by 2050 arising from the consolidation of its market position in previous
years.
Vehicle manufacturing is a sector where Europe already enjoys a comparative advantage
in world trade and is therefore in a good position to profit from a potential huge global
market, as transport electrification constitutes an essential component for the mitigation
effort. Table 3 shows that electric vehicles account for 56% of the cumulative EU clean
energy exports in the EU-FMA scenario. The relative maturity of wind turbines mean that
the impact of the scenarios on the EU wind turbine industry is relatively small. On the
other hand, exports of CCS and photovoltaics expand considerably in the EU-FMA
scenario. In all scenarios the EU undertakes no exports of biofuels to the Rest of the
world as Europe is a high-cost producer requiring subsidies for domestic production. The
European early advantage combined with the large global market mean that EU exports
of clean energy equipment account for 11.2% of the cumulative (2015-2050) European
exports in the EU-FMA scenario, while the share is more than 18% in 2050.

e Macroeconomic implications of the scenarios
The imposition of strong climate policies is simulated by high carbon pricing that induces
changes in the economy driven by substitution away from fossil fuels and lower energy
consumption per unit of economic activity. Higher investments are required to enable
these changes as clean energy technologies are capital intensive. The changes away from
fossil fuels are costly and energy services become more expensive in all sectors
compared to the Reference. The increased costs of energy services imply lower
purchasing power of private income and thus lower demand and higher prices in the
supply of goods and services leading to further decrease of demand. The additional
mitigation-related investment lead to increased demand for goods and services that are
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needed to produce the new efficient equipment, low carbon power plants, electric ENVEGON 201%

vehicles, biofuels and for insulating buildings. The numerical simulations in this paper, in
agreement with the literature (Capros et al 2014), (Enrica De Cian et al 2013), (Kriegler
et al), find that the net effect on GDP is negative relative to Reference (Table 4) despite
induced technological progress, as additional clean energy investments are not found to
be sufficiently high to offset the activity depressing effects stemming from higher
production costs.

Figure 2: Share of EU production in global market for clean energy technologies (in %)
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Table 3: Cumulative EU exports of clean energy equipment (in bn. $ 05)

Reference  450-delay = EU-alone = EU-FMA
Wind turbines 438 593 468 613
Photovoltaics 1270 1971 1771 2347
CCS technologies 1215 2111 1523 2682
Electric vehicles 1031 5162 2253 7630
Energy efficient equipment 244 260 260 302
Biofuels 0 0 0 0
Clean energy production 4198 10097 6276 13574
Share in total EU exports 3.5% 8.5% 5.3% 11.2%

The increases in unit production costs in the EU-Alone scenario relative to
Reference due to high carbon pricing exert a negative impact on the EU balance of trade
leading to a reduction in exports (-0.5%) and an increase in EU imports (0.3%).
Cumulative EU GDP losses are projected to amount to 0.5% in 2010-2050. The 450-
delay scenario leads to higher GDP losses in the EU despite the relative improvements in
the balance of trade relative to EU-alone. This is due to the depressive effect of the
scenario on global GDP (-1%), as the EU bears the consequences of global activity
reduction. Increases in production costs in other regions imply that EU imports become
more expensive. To the extent that these imported goods are used to produce final goods
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in the EU, the 450-delay scenario leads to increases in EU production costs,
which further compress the EU's domestic demand. Another reason is related to the
shorter time in which the EU has to meet the same decarbonisation target (“delayed
action”), as economic substitutions need to become more intensive resulting in much
higher carbon prices and production costs in the period 2030-2050.

The burden of carbon pricing in the economy depends on the degree of carbon
intensity (GHG emissions per unit of GDP) and on the marginal emissions reduction
costs of the model regions. Developed regions have lower carbon intensities compared to
developing and this mainly explains that GDP losses are projected to be higher in the
latter when applying equal carbon prices. Furthermore, the imposition of equal carbon
prices implies higher relative increases in energy prices of the developing regions. In the
450-delay scenario, the highest GDP losses are found in Energy Exporters (-2.1%) as a
result of reduced oil and gas revenues. On the other hand, the model results show that the
induced technology progress implies higher exports by developed countries (especially
North America) to developing regions, which tend to mitigate depressive GDP effects.

Additional investments in capital-intensive low carbon technologies that
substitute fossil fuel consumption lead to increases in overall investments in
decarbonisation scenarios in all regions, while the reductions in private consumption are
found to be higher in magnitude than GDP losses. The impacts of the mitigation
scenarios on employment are relatively small. This is the result of two opposite trends: (i)
GDP reduction that implies lower employment (ii) high labour intensity of the clean
energy producing sectors relative to fossil fuel alternatives.

The results of the EU-FMA scenario show clear economic benefits for the EU
compared to EU-Alone and 450-delay scenarios stemming from the fact that
decarbonisation action starts earlier and is spread over a prolonged period of time.
Induced technology progress also plays a marked role in alleviating the negative
economic impacts, provided that the EU uses the internal market to capture a
considerable part of the learning potential of clean energy technologies. In this case, the
EU consolidates a competitive advantage in the large global market for clean energy
technologies that leads to increased overall EU exports in other regions (which are 1.4%
higher than in Reference in cumulative terms).

Table 4: Macroeconomic implications of scenarios (in % changes from reference)

EU-alone 450-delay EU-FMA

EU-28 Non-EU EU-28 Non-EU EU-28 Non-EU
GDP -0.51 -0.02 -0.60 -0.95 -0.20 -0.97
Investment 0.15 -0.03 0.13 0.63 0.02 0.64
Private Cons. -0.77 -0.03 -1.16 -1.60 -0.61 -1.63
Exports -0.53 0.25 -0.23 -1.00 1.37 -0.21
Imports 0.28 0.13 -0.46 0.96 0.38 2.13
Employment 0.01 0.00 0.00 0.01 0.02 0.01
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. ENVECON 21-'1-
Conclusions

The aim of the quantitative projections conducted is to analyse the
macroeconomic costs and benefits incurred by the EU as a first mover in climate policies
and identify the possible First Mover Advantages that the European economy can get. A
general equilibrium approach is followed using the GEM-E3-RD model enhanced with
bottom-up energy system representation, endogenous technology dynamics for low
carbon options (through learning by doing and learning by research) and separate
representation of clean energy producing industrial sectors. A series of scenarios have
been quantified, which are compared with the Reference projection to 2050.

The model results show clear advantages for the EU as a first mover in climate
change mitigation compared to a delaying of climate action provided that in all cases the
EU has to meet the same carbon budget. If the EU waits until 2030 to synchronise
climate action with other regions, EU cumulative costs in 2010-2050 increase threefold.
Early EU climate action sets into motion R&D effort on clean energy technologies which
combines with learning by doing obtained by increased uptake within the EU leading to
cost reductions for zero carbon technologies assuming that the European internal market
is sufficiently large to allow for achieving a large part of learning potential for clean
energy technologies.

In case that rest of the world will join the ambitious EU effort in 2030, Europe
can get important economic benefits arising from the prolonged period for the energy
system restructuring and the competitive advantage in global markets of clean energy
technologies. The most important among these technological options is electric vehicles
that constitute an essential ingredient of decarbonisation with a large potential global
market by 2050. Other decarbonisation options that can generate a large market under
appropriate policy conditions concern CCS and photovoltaics. Despite the relative
erosion of the first mover advantage in the long term due to spillovers to other regions,
EU exports of clean energy technologies are projected to increase considerably above
Reference levels. This leads to increased levels of exports, employment and economic
production compared to the delay scenario.
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Abstract
One climate related phenomenon could affect many more. The direct costs associated to
climate related factors pass to a number of other climate related costs through the indirect
economic consequences of climate change. In this paper we propose a mathematical
model which aims to provide forecasts of the distribution of the costs caused by the
synergistic mechanism of environmental effects. The model is created to be directly
applied to situations where the primary costs associated to climate related factors can be
specified. It is expressed in matrix terms and is programmed using Mathematica’s matrix
functions. We provide the framework for efficient computation of this model, covering
possible linear and nonlinear functions of the impact mechanism for costs and, infinite
direct cost scenarios. Some directions for the quantitative estimation of impact indicators
and adaptation potentials of the costs incurred by certain climate related factors are
included, in order to apply the proposed model using real socioeconomic data.

Keywords: Computational techniques; Mathematica computer software;
Climate change related factors; Cost interactions.
JEL Codes: Q54; Q50; Q58; C63; C88.

1. Introduction

Societies depend entirely on ecosystems and the associated offered services like,
among others, water and food provisions, operating in global biogeochemical cycling,
raw materials and regulation of the climate (Dixon 1986; Barbier 1994; MEA 2005). The
global climate change is a very complex issue and it is even more difficult to tackle and
cope with due to its long-run character and the various synergistic effects stemming from
its impacts.

The synergistic impact mechanism of environmental effects produces the «colliding
steel spheres effect», meaning that one climate related phenomenon could affect many
more. In many environmental studies it is claimed that parallel interactions among
climate effects is a possible situation (IPCC, 2001; 2007; 2012 a,b; Fiir and Csete, 2010;
Mantyka-Pringle et al., 2012; European Commission SWD, 2013). In the report
published by IPCC (2001) climate change impacts are presented and analyzed on a
matrix of potential for interactions and synergistic effects.

In the present study we generate visual schemes of the direct synergistic effects
between climate related factors in several human settlement and industry types.
Considering the primary costs caused by climate related factors, we assume that the
synergistic impact mechanism among certain climate related factors allows for a similar
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synergistic impact mechanism of the corresponding primary costs.” With
notations and operations of matrix algebra, using either a technical coefficient or a
functional matrix to illustrate climate related cost interactions and synergistic effects, we
formulate a local scale model that forecasts the cost distribution which the direct
synergistic mechanism causes from the direct costs of certain climate related factors.

We create the computational framework to apply the proposed model in a qualitative
and a quantitative approach. For this purpose a main computer algebra system,
Mathematica® is used to generate our model’s output, both visually and numerically.
Specifically, in Mathematica’s computational environment, we create pattern constructs
consisting of colored patches which describe the synergistic impact mechanism of
climate related factors.

In this way, we provide initially a concise framework for synthesizing and displaying
the data on an area’s human-economic system. Then our predictive model is applied by
using hypothetical data and Mathematica’s dynamic visualization options, in order to
generate versions of cost distribution snapshots, with controls added to allow interactive
manipulation for the value of impact indicators of cost interactions, the synthesis of the
direct cost distribution and the amount of costs. Our model and its computational aspects
allow for clear visual comparisons among certain settlement and industry types. The
proposed model is well suited to perform sensitivity analyses in cases of settlements and
industries and also to evaluate climate policies.

Finally, our contribution provides directions for quantitative estimates of impacts and
adaptation potentials of the costs incurred by climate change related factors. It also
ensures the model’s applicability guiding for future applications on the economic costs of
certain ecosystem inputs like migration, flooding-landslides-fires, air and water pollution,
human health and energy by the use of available appropriate socioeconomic data.

The structure of the paper is the following. The next section discusses the visualization
of the interactions first in the case of different settlement types and next to industry types.
Section 3 proposes a linear and nonlinear cost analysis with different climate change
scenarios and derives indicative estimates of the potential costs. Section 4 provides some
insights in terms of performing an empirical application of the proposed model
formulation while the last section concludes the paper.

2. Visualizing the interactions among climate related factors
2.1 The case of settlement types

Humans depend on the ecosystems and they are part of the ecosystems they live on
(Wilson 2002; Puglise & Kelty 2007). Obviously a healthy ecosystem has the ability to
sustain healthy human populations (Rapport et al. 1998). Most of the population in Earth
lives in settlements in a way that their concentrations may result to vulnerabilities to local

3% Primary costs may be identified as direct costs while secondary costs may be considered as synergistic.
4 Mathematica software is tradable from Wolfram Research, Inc.
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specific events. Vulnerability refers to the way a system reacts to the degradation VESON 204

imposed from its exposure to various risks.*!

Human settlements and coastal zones are influenced significantly by coastal and
riverine flooding, fires, etc. The risks and uncertainties of the consequences of global
warming are of interest. The sea level rise will influence coastal areas and the use of land
and may threaten the survival of some coastal communities. Extreme weather conditions
and patterns leading to heat waves, floods and droughts change the climate condition of
some areas with resulting consequences like storms appearing more often and more
intensively.

The higher weather variability and the more extreme events may also affect the energy
sector by increased demand for air-conditioning and reduced demand for space heating.
This may be accompanied by the concern of electricity producers related to the reliability
of their systems to cope with these changeable weather conditions (Kolstad and Toman,
2005). Similarly, water infrastructure will be at risk with changes in precipitation to
question the ability of the current infrastructure of dams and reservoirs (Kolstad and
Toman, 2005).

If extreme weather conditions remain then some local areas will face problems to
sustain the existing population resulting to migration and dislocation. The effects are
serious and may range from loss of land and coastal flooding from the sea level rise,
health problems with more deaths and tropical diseases, increased storms and floods to
migration. Flooding may be considered as one of the most serious effects of climate
change on human settlements with riverine and coastal settlements to be at high risk
(IPCC, 2001).

IPCC (2001) presents a matrix of synergistic effects between climate associated
factors influencing human settlements and industry types.*” In our proposed
computational approach and in the case of urban settlements, the interactions between
migration, phenomena of flooding-landslides-fires, air and water pollution, human health
and access to energy — clean water and other resources necessary to sustain human
settlements and their populations are featured in a 5x5 matrix (Figure 1). Each cell
identifies a synergistic effect between the climate impact featured in the row and another
effect shown in the column.

The pattern constructs of synergistic effects is created in Mathematica, for three types
of settlements; namely, urban settlements, riverine-coastal-steeplands and resource
dependent settlements, as defined in IPCC (2001, par. 7.6.2). According to IPCC (2001)
urban settlements may suffer from flooding, storm drains and sewers or from
accommodating, migrant populations and suffering from urban heat island with
significantly warmer conditions compared to its surroundings with consequences to
health and energy demand. Similarly, riverine and coastal settlements may be affected

*! Vulnerability to effects of climate change may be defined as the degree a system, subsystem or system
component experiences harm from its exposure to a perturbation or source of stress (Clark et. 2000; Turner
et al. 2003; IPCC, 2007).

2 For a detailed analysis of human settlements and the associated impacts of climate change see IPCC
(2001, chapter 7).
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mostly by flooding from the rise of the sea level while steeplands may become ENVEGON 201%

more vulnerable than landslides. Finally, resource dependent settlements depend on the
availability of natural resources in an area (region) and on the extent that they are
vulnerable to climate changes. Examples may be considered hunting and artisanal fishing
communities (IPCC, 2001).

In the screenshots produced, white cells make the junction of two unrelated factors.
Each colored cell illustrates an interaction between two environmental effects. In our
computational approach, infinite matrices of synergistic effects can be constructed, but
the tendencies or patterns of interactions observed in the systems are preserved.

Figure 1: Matrix of synergistic effects for urban settlements.
Serial numbers 1-5 correspond to the following factors:
1. Migration, 2. Flooding, Landslides, Fire, 3. Air and Water Pollution,
4. Human Health 5. Energy, Water, other Resources

synergistic impact mechanism
1 2 3 4
T T T T

primary impact mechanism 3}

1 2 3 4

Figure 2: Matrix of synergistic effects for settlements:

Urban settlements, riverine coastal steeplands and resource dependent settlements
urban sattlements rivering comstal stesplands rezurce dependent sattlements

In Figures 2 and 3, in a different visual output in Mathematica matrix, cells with
different shades of gray state the degree of impact of the synergistic effects. A darker
shade is related to a more intensive impact. In the pattern constructs below, white cells
are steadily white, while all the other cells vary their shades regionally, depending on the
geographic, seasonal and/or sectoral scale. Rows and columns of matrices in Figure 2
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feature the same environmental effects as in Figure 1, with the same serial
number from 1 to 5. The matrix patterns produced are indicative of every type of
settlement. The sparsest matrix corresponds to resource dependent settlements. This
dependence is more possible to intercept the progression of the mechanism to manage
environmental effects.

2.2 The case of four industry types

Following IPCC (2001) four industries are considered as reference:

- Agroindustry as one of the most adaptable industry affected by climate change
with ability to adaptation varying among areas (regions) and groups of farmers
within areas (regions);

- Energy supply and demand will be influenced with hydropower generation being
the most affected and solar energy to depend on cloudiness.

- Transportation may be affected by floods, drier climate conditions resulting to
heavy rains, by warmer climates softening the asphalt roads and by adverse
weather conditions leading to flight cancellations.

- Recreation and tourism as a growing industry in many countries which may be
affected significantly and in different ways by changes in climate precipitation
depending on whether we refer to summer or winter oriented destinations.

In the pattern constructs for industry types, a white cell indicates no interaction while
grey-shaded cells indicate interactions of variant influences. Rows and columns of
matrices in Figure 3 feature the same environmental effects as in Figures 1 and 2 with the
same serial numbers from 1 to 5.

Figure 3: Matrix of synergistic effects for industries:
Agroindustry, energy, transportation and recreation

apmoindustry ENETEY

transportstion raoreation
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3. Cost Analysis with Climate Change scenarios VTN 201S

Our model for the types of settlements uses economic or social costs as systems’
metrics. An analogous study for the types of industries could constitute a Cost-Benefit
Analysis (CBA). In some cases the synergistic effects could act in a beneficial way.

In the proposed predictive model we attempt to forecast the redistribution of the direct
costs associated to the five climate related factors mentioned in section 2, using matrix
formulations (analogous models in Environmental Economics have been proposed by
Martinez de Anguita and Wagner 2010; Stenberg and Siriwardana 2009). Next, the new
cost distribution synthesis is defined and its entries are computed considering several
direct cost scenarios.

3.1 Linear Interactions of climate related costs

The entries of the matrix of synergistic cost effects are indicators appropriate to
evaluate cost interactions. Each indicator defines the measure of the impact between
different costs. The matrix entries form the patterns presented in Figure 2, depending on
the type of settlement. When linear interactions among costs of environmental effects
could constitute a realistic case, multiple regression coefficients® could be efficient
estimators of impact indicators. Indicators’ exact values vary regionally, depending on
the geographic, seasonal and/or sectoral scale. Indicators are of dynamic nature and are
specific to the settlement and industry type.

Given the primary costs associated to one or more climate related effects, we propose
a model to evaluate the costs that are generated by the synergistic impact mechanism.
Our model is formulated in the matrix algebra context as follows:

X111 X12 X13 X14 X15
X21 X22  X23 X4 X5
(¢ ¢ ez c4 es)|x3 ¥ x33 X34 X3 x;eR (1)
X41  X42  X43  X44 X345
X51 X52  X53  X54  Xs5
where the row matrix (cl cp 3 ¢y 05) consists of the direct costs associated to the

five climate related factors 1-5 mentioned in section 2. [x;] matrix is the matrix that
captures all the repercussions between the five factors and consists of the indicators of
impact. The 1x5 row matrix produced, presents the cost distribution created by the
synergistic impact mechanism.

* These are estimates of the population parameters in a regression analysis. For each explanatory variable
there is an estimated coefficient and these coefficients are used to estimate the fitted value of the dependent
variable. In the case of multiple regressions, the estimated coefficients indicate the change in the mean
response per unit change in the one of the independent variables holding all other independent variables
constant (Halkos, 2011).
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3.1.1 Cost scenarios for the types of settlements: changing distributions and costs

In the hypothetical case studies that follow, we use sample data from Mathematica’s
random number generator to create matrices with indicators of impact for each one of the
three types of settlements: urban, riverine-coastal-steeplands and resource dependent. In
all hypothetical case studies examined, we assume negative impacts on economic growth
(positive regression coefficients), although impacts on some areas are likely to be
positive.*

In model (1), the direct cost distribution of climate related factors is defined in the row
matrix (¢; ¢, ¢y ¢4 ¢s). In Mathematica’s computing environment, the product of

the matrix of direct costs with the matrix of synergistic cost effects is depicted in a
discrete array of squares. Thus, we have a visual representation of the structure of the re-
distribution of costs of the five climate-related factors numbered from 1 to 5 (Figures 5-
9). White squares indicate the absence of cost while grey-shaded squares indicate costs
with nonnegative values. For example, the row matrix (0, 500, 1000, 10000) is depicted
by ArrayPlot function in Mathematica as shown in Figure 4.

Figure 4: Visualization of row matrix (0, 500, 1000, 10000) using grey-shaded
squares

Using Mathematica’s dynamic visualization options, we also generate the synthesis of
the cost distribution that model (1) predicts, assuming an infinite number of impact
indicator values: variable x parameterizes the argument in the random number generator
function, making the impact indicator varying (indicatively) from 0.01 to 100 with step 1.
In the first hypothetical case study, we assume direct costs incurring due to factor 2
(flooding-landslides-fires) and 3 (air and water pollution) (the row matrix
(0,500,1000,0,0,0) could feature such a case). In urban settlements, these two costs pass
to all the other factor costs (Figure 5), while in resource dependent settlements, the final
distribution of costs does not include factor 1 (migration) cost (Figure 6). By varying the
values of x, we achieve the application of model (1) for infinite matrices of synergistic
effects. In all cases we end up with the same matrix structure.

* As global warming is mainly a long-run problem its implications are difficult if not impossible to be
quantified. Human systems can adapt to climate changes in the long-run. If an area is flooded after climate
change occurs migration may take place together with some form of relocation according to the new
conditions which after many decades or centuries may lead to full adaptation. Thus the quantification of the
consequences of this flooding is ambitious and the costs enormous. For an example see Kolstad and Toman
(2005, p. 1566).
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Figure 5: In urban settlements, the synergistic mechanism from c; and c3 '

costs causes all categories of costs

c

Figure 6: In resource dependent settlements, the synergistic mechanism from c, and
c3 costs causes a cost distribution with no cost in migration

c

In another hypothetical case study, we assume a situation where a cost associated to
factor 5 (energy, water, other resources) incurs in riverine coastal steeplands. Our model
predicts that, after the action of the synergistic impact mechanism, the final cost
distribution includes costs for factors 1, 2 and 3. All the other costs are extinguished. The
position of the structural matrix elements is guaranteed, when varying index x in the
interval of its possible values we continue to have the same visual scheme.

In the next computer output, we can examine any possible cost scenario that assumes
individual or simultaneous costs associated to certain climate change related factors, in
riverine coastal steeplands. Each sliding bar controls the value of each c; and thus, allows
the interactive manipulation of the primary and the final cost distribution. c; is defined as
a 0-1 variable, interpreting the unit value as the existence and the zero value as the
absence of the corresponding cost. The (0, 0, 1, 0, 0) vector stands for a situation, where,
only c3 cost incurs, due to air and water pollution (Figure 8). The (0, 0, 1, 0, 1) vector
states that air - water pollution cost and energy-water-other resources cost co-exist in the
primary cost distribution (Figure 9).

Figure 7: In riverine coastal steeplands, the synergistic mechanism from cs cost

causes a cost distribution with no cost in human health and in energy, water, other
resources

< —0
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By setting 0-1 values in c; parameters, the synthesis of the direct cost ' = -oW 2014

distribution is defined and, automatically the new developing cost distribution is
visualized by a series of grey-shaded squares.

Figure 8: In riverine coastal steeplands, c3 cost triggers a cost distribution consisting

of ¢; ¢y cq4costs

cl {j
c2 c{j
) [} -
e
Figure 9: In riverine coastal steeplands, the co-existence of factors 3 and 5 and their
dedicated costs triggers a cost distribution consisting of ¢; ¢; ¢3 ¢4 costs

s {]

(i} <G

c2 :{j

- []: - -
c4 =D

c5 [}:

Similar cost scenarios could be used in models for any of the three types of
settlements, by using the analogous matrix of synergistic cost effects.*> The generality of
the results is assured by making infinite parameters’ substitutions with random numbers.
An analogous computational framework could be considered to examine cost scenarios
with different types of industries.

Figure 10: A comparative output

" { =

3 [] urkan settlements

N ] ||

= [
riverine coastal steeplands

resource dependent

3

=

3.1.2 Potential for a Quantitative Study with Cost Scenarios

Our computer codes aim to derive indicative estimates of the potential costs, assuming
any possible direct cost scenario. The direct cost scenario is defined using sliding bars
that assign values to each cost from a predefined interval (e.g. [0, 10000]). In Figures 11

> The computer codes in Mathematica are available on request.
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and 12, we examine how similar direct cost distributions end-up differently in " VESON 204

urban and resource dependent settlements, due to the synergistic impact mechanisms. In
the output produced the user has also the option to perform sensitivity analysis: moving
the sliding bars, the primary cost distribution is perturbed and one can observe the
variations of the costs computed in the list on the right part of the window.

Figure 11:  In urban settlements, costs in migration and flooding pass to all categories
of costs.

cl

()

c2

()

c3 :D ({1527.97, 744.098, 2485.47, 2047.24, 2526.12}}
c4 :[]
s

Figure 12:  In resource dependent settlements, costs in migration and flooding are
extinguished since in the cost variable vector, migration and flooding have
steadily zero values.

cl D

c2 U

s ] ({0., 0., 1162.85, 2996.62, 2226.67}}
c4 c[j
5 3

3.2 Nonlinear Interactions of climate related costs

In the case when climate related costs interact with each other in a nonlinear fashion,
the matrix of synergistic cost effects should contain cells with mathematical functions.
That is

i Sz fis fis fis
Sa S a3 S Sos
31 fro f33 f3a f3s
Jar Ja2 faz Sas  fas
fs1 fso Sfs3o fsa Sss

Then, our computational approach generates a functional matrix, where f;; functions could
be the regression fits estimated from empirical data for every pair of factors (e.g. 25-7
pairs for urban settlements). The nonlinear functions f;; can be specified by nonlinear
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regression methods.” By setting numerical values in the primary costs ;

(m,f,a,h,e), our codes compute the costs after the impact of synergistic mechanism. The
sum of each column will give the cost of the corresponding climate related factor.

The Mathematica codes for modeling the nonlinear synergistic mechanism and for
automatic calculation of costs are presented next. That is:

afi ,j ] :=Which[i1=1&&7=1,0, 1==1&&7=-2, F12[m], 1==1&&7 =3, [13[m], 1 ==1&&Jj =4, [14[m], 1 ==1&&7==3, f13[m],
i=2§&7=1, FP1[f], 1 ==2&E7=2,0, i==2&&7==3, f23[F], i==26&&7=4, [24[f], i=2&&7==5, [25[f],
i-=3&E7j==1, F31[a], i==3&Ej=2, F32[a], i=3&k7=3,0, i=3&E7=4, f34[a], i=3&&7==5,0,
i==46Ej==1, F41[h], i ==4&kj=2, F42[h], i =4 &&j==3, F43[h], i ==4&&j==4, 0, i =4 && =5, F45[h],
i=5&&7=1, f51[e], i=5&&7=2, f52[e], i=5&&7=3, f53[e], i=5&&7==4,0, i=5&k7j==5,0]
Tablelali, 31, {i, 3}, {3, 3}1 // MatrixForm
a f12[m] £13[m] £14[m] £15[m]:
£21[f] 0 £23[f] f24[f] £25[f]
£31[a] £32[a] a £34[a] a
f41[h] £42[h] £43[h] a £45[h]
£51[e] £52[e] £53[e] 0 0

4. Potential data sources for empirical applications
Some directions for valuation of climate impacts and appropriate metrics are given in

IPCC (2001, par. 7.3.6). Methods and tools for costing impacts and adaptation of extreme

events and disasters are analyzed in par. 4.5 of the special report by IPCC (IPCC, 2012a).

Economic impacts of climate change are discussed in the report by the European

Commission (SWD, 2013).

When studying more factors related to climate change than the ones examined in this
paper, the first step is to test the existence of any causal relationships (one way, both
ways or irrelevant) using econometric tests like Granger causality test. The methodology
to estimate the entries in the matrices of synergistic effects of section 3 is related to
statistical methodologies available for the investigation and estimation of cost
interactions like correlation or regression analyses.*’

Empirical applications of the proposed model formulations demand data for
appropriate estimates of the primary costs of the five climate related factors under
investigation. In the case of Greece and using the settlement and industry types
mentioned so far, various databases can be used. Some indicative preliminary guidance
(depending on data availability in regional or local level) follows. Specifically:

1. Migration costs can be approximated by the absolute®® value of the annual population
variation (source: http://data.worldbank.org) multiplied by the GDP per capita of the
relevant year (source: http://data.worldbank.org). Alternatively various percentages
may be assured for the contribution of emigrants and immigrants to GDP.

2. Flooding-landslides-fires costs can be approximated by the compensations due to
extreme weather events, available from the General Secretariat for Civil Protection
(http://www.gscp.gr/ggpp/site/home/ws.csp)

* Nonlinear regression analysis is performed with observations modeled by a nonlinear combination of
model’s parameters either in a bivariate or a multiple regression specification (Seber and Wild, 1989).
7 Exploring the issues of synergistic impacts of climate related costs it is important to be clear in the
distinction between correlation and causation.

8 Taking into consideration only the costs associated with migration.
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3. Air Pollution costs can be approximated by multiplying annual CO, emissions /=~ 2014

(kt) (source: http://data.worldbank.org) with the mean value of the allowance price
evolution in the EU ETS for a specific time period like 2005-2009* or 2009-2013 etc
(source: http://www.theccc.org.uk/publication/meeting-carbon-budgets-the-need-for-
a-step-change-1st-progress-report/)

4. Human Health costs can be approximated by hospitalization costs of the very young
(i.e. <1 year of age), older adults (i.e. those of >65 years of age) and
immunocompromised individuals, available by the Hellenic Statistical Authority
(http://www.statistics.gr). As Ebi et al. (2006) and Mills (2009) claim these three
groups are usually the most sensitive and at the highest risk in terms of health
outcomes due to climate conditions as they are quite sensitive to food- and water-
borne diseases, present limited capacity to adapt to extreme temperatures and have less
ability to cope properly with behavioral changes when they face these extreme
temperatures and extreme weather conditions.

5. In the case of access to energy, clean water and other resources we may limit for
simplicity to energy costs, which can be approximated by multiplying annual energy
use (kt of oil equivalent) (source: http://data.worldbank.org) with oil prices of the
relevant year (source: http://ec.europa.eu/energy/observatory/oil/prices en.htm)

5. Conclusions

Climate related costs are linked through interactions estimated by appropriate impact
indicators. Our contribution provides constructs of the matrix with these impact
indicators, aiming to represent its structure and trying to define its entries. In a second
step, we make matrix economic system models for human settlements and types of
industries, to evaluate the costs related to the synergistic environmental effects.

Our proposed models could help decision makers to obtain either the synthesis or the
numerical estimate of cost distribution variable vector. To illustrate the results, we build
interactive applications in Mathematica, we provide instant creation of dynamic
interfaces that allow varying parameters and gaining useful insights from datasets. Our
computational approach provides a parameter setting for the existence of costs, the
amount of costs and the impact indicators of costs. Varying parameters’ values, each case
study concerning human settlements or industries is examined in a stochastic fashion.
The variety and the clarity of the computer output are the models’ advantages.
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Abstract

It is widely claimed that climate change has increased the magnitude and the frequency of
natural phenomena such as storms, droughts and floods with the concomitant costs in
terms of damages and victims. This paper using monthly data from European stock
market indices in an asset pricing framework, examines how and to what extent market
agents and investors react to such events. As a yardstick for comparison purposes, the
possible market impact of industrial accidents is also incorporated and examined in the
empirical investigation. The study focuses on a specific group of sustainability indices,
including Environmental, Social and Governance leader stock indices. Results reported
herein seem to indicate that major adverse natural events as well as industrial accidents
exert a significant effect on returns and other risk factors in a Fama-French model with
significant implications for investors’ behavior.

Keywords: Socially responsible investments; behavioural finance; natural disasters.

JEL Classification: G10, G14, Q54

1. Introduction

Climate change and in particular human induced environmental degradation are
issues that invariably rank high in the international agenda and discourse (inter alia:
Goudie, 2000; Maler and Vincent, 2003, 2005a, 2005b; Halkos 2003, 2013; Halkos and
Tzeremes, 2013a, 2013b). The need to adopt an economic and production paradigm that
bears less weight on the fragile environment and eventually leads to a more sustainable
symbiosis between the latter and human activities, is exerting an appreciable influence
both on public policies as well as the choices and behavior of private economic agents
(inter alia: Crifo and Forget, 2014; Erdogan, 2013; Oates and Portney, 2003; Perman,
1994; Heal and Kristrom, 2005; Xepapadeas, 2005; Bolin, 2003). Facets of this
increasing concern over environmental issues are present in all aspects of economic
activity, spanning all sectors of the economy. As, among others, Climent and Soriano
(2011) observe, the increased concern that societies and individuals show with respect to
the environmental effects caused by economic activity, has led to the growth of
investment opportunities in funds with portfolios that specialize in investing in assets and
companies that adopt and implement environmental responsibility (inter alia: Statman,
2000; Sabbaghi, 2010; King and Lenox, 2001).

Indeed, as Chang et al. (2012) note, this trend in professional asset management is
towards adopting investment policies and strategies that incorporate in a prominent and
often decisive manner environmental, social and governance parameters when examining
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investment opportunities and selecting stocks and shares for their portfolio. Such
funds, that fall under the broad category of socially responsible, are by no means new as
noted by Climent and Soriano (2011). But they have grown in numbers in the past few
years very much as markets’ response to the general public’s increased concern,
sensitivity and awareness over such issues (inter alia: Renneboog et al. 2008; Statman,
2000). This, as already noted, is particularly true for mutual funds that offer
environmentally responsible investment opportunities given that investor demand for
portfolios that specialize in green investments such as for instance energy produced from
renewable sources, green technology, property development that adopts green standards
and materials, has steadily grown.

This demand growth may not necessarily be driven solely by environmental
principles but simply by the prospects of safer investment opportunities or the prospects
of comparatively higher returns. Nevertheless, as a study by Holm and Rikhardsson
(2006) shows, environmental information exerts an influence on investment allocation
decisions which however are mitigated by other investment parameters such as the time
horizon of the investment. Not surprisingly, the performance of investment portfolios and
mutual funds that fall in the broader category of funds observing environmental, social
responsibility and governance rules has in recent years come under empirical scrutiny by
a number of studies, examining whether vis-a-vis more traditional mainstream investment
options and opportunities, environmentally sensitive portfolios exhibit higher returns
and/or lower risks. The evidence is by no means conclusive (inter alia: Statman, 2000;
Sabbaghi, 2010; Munoz et al. 2013; King and Lenox, 2001).

Particular attention on systematic risk of environmental friendly investments has
been paid in two studies. Ramiah et al (2013) indicate that 19 announcements of
environmental regulation may affect not only returns but also systematic risk of stock
sectors. However, the result differs across sectors depending on the company actions
concerning environmental issues. Moreover, Halkos and Sepetis (2007) in case of Greek
companies found that improved environmental management system and environmental
performance result in reductions in firms' beta.

In the broader spirit of such studies, this paper using monthly data from global
social responsible stock indices in an asset pricing framework, examines how and to what
extent market agents and investors react to environmental issues as these are brought to
the forefront of public discourse and debate as a result of major, headline catching
climatic events such as storms, droughts and floods with the concomitant costs in terms
of damages and victims. It is widely claimed that climate change has increased the
magnitude and the frequency of such natural phenomena. Hence, their occurrence fuels
discussion and concerns over the impact anthropogenic activity bears on the environment.
In turn, such increased attention may act as an impetus that drives investors towards
mutual funds that offer green investment opportunities. As numerous studies have shown,
calamitous events, natural or anthropogenic, apart from the loss of life and human
suffering have serious economic ramifications in the form of both direct and indirect
private and social costs to market and non-market goods and services, including cleaning
and restoration, property losses, damages to economic-productive activities and income
(inter alia: Kaplanski and Levy, 2010 ; Garza, et al. 2009; Loureiro et al. 2009; Noy,
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2009; Suris-Regueiro et al. 2007; Al-Nammari and Lindell, 2008; Butler and
Doessel, 1980).

They can also affect markets through risk premia and investors’ sentiment
affecting asset valuation, investment decisions and portfolio allocation. For our purposes
here, such events are used to examine whether or not they affect the performance of stock
market indices that are constructed of stocks of companies that observe environmental,
social responsibility and governance principles. In particular, three such indices are used:
Environmental stock index (GEP), Social stock index (GSP) and Governance stock index
(GGP). The companies’ stocks used for their construction are selected on the basis of
specific criteria fulfilment for each of the three categories, i.e. Environment, Society, and
Governance. Such indices are often referred to as sustainability indices in order to
distinguish them from the more traditional market indices. In particular, we examine
whether major calamitous natural events such as floods, extreme temperature, wildfires
exert an impact on these three indices. The intuition being that natural mega-disasters
draw the spotlight of international media attention and hence augment, even temporarily,
public opinion interest on environmental issues. This is turn may affect investors’
decisions and portfolio allocation perhaps in favour of such investment opportunities as
the ones offered by the companies included in the three indices.

2. Data and Methodology

In order to address the issue at hand a number of extreme natural events are
selected. The source for these events as well as their attributes is EM-DAT, an
international disasters database that groups major calamitous distinguishes into two
generic disaster categories: natural and technological. The former is divided into 5 sub-
groups, which in turn cover 12 disaster types and more than 30 sub-types™. For a disaster
to be entered into the database at least one of the following criteria must be fulfilled: a)
ten (10) or more people reported killed; b) hundred (100) or more people reported
affected; c) declaration of a state of emergency; d) call for international assistance.

For the purposes of the empirical analysis that follows we focus on climatological
and hydrological disasters. Moreover, as noted earlier, industrial accidents, that are part
of the technological disasters category, are also selected and used as a benchmark to
compare and contrast possible differences in investors’ reactions in the case of natural
and anthropogenic calamity. The general classification of the disasters based on EM-
DAT database is shown in table 1, while the shaded cells indicate the primary focus of
this study. In particular, the type of events analyzed can be grouped into five categories:
a) extreme temperature events; b) storms; ¢) floods; d) wildfires; e) industrial accidents.
The selection criteria applied are simple and straightforward: the three biggest events in
each continent in economic terms are selected from the EM-DAT database. Their
attributes in terms of location, occurrence date, damages, victims and costs are shown in
Tables 2a to 2e.

% For technical and methodological details of these divisions, classifications and groupings see
http://www.emdat.be/
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Table 1: Natural versus Technological disasters

Disaster Subgroup

ster
Groups
Natural Disasters

Geophysical

Events originating from solid earth

Disaster Main Ty,

Earthquake,

saster Sub-sub Ty

Volcano,

Mass Movement (dry)

Events caused by short-lived/small to meso

Tropical Storm,
Extra-

organisms to germs and toxic substances

Meteorological scale atmcrspherit.: processes (in the Storm Femiet e
spectrum from minutes to days) .
(winter strom)
Thunderstorm /Lightening,
Snowstorm/Blizzard,
Local / Convective [Sandstorm / Dust storm,
Storm Generic (severe)
Storm, Tornado,
Orographic (Strong winds)
[Events caused by deviations in the normal General, river
Hydrological 'water cycle and/or overflow of bodies of Flood flood, Storm surge
'water caused by wind set-up / coastal flood
[Extreme Temperature |Heat Wave
Cold Wave Frost
Events caused by long-lived/meso to macro ) Snow, Pressure, Icing,
scale processes (in the spectrum from intra- Extreme Winter ;. oecing - Rain Debris
S seasonal to multi-decadal climate Conditions avalanche
variability) Forest Fire, Land
Wildfire fires (grass, scrub,
bush, etc.)
Disaster caused by the exposure of living | -Pi9e™IS,
Biological Insect infestation,

Animal Stampede

Technological
Disaster

Industrial Accident

Disaster type term used in EM-DAT to
describe technological accidents of an
industrial nature/involving industrial

buildings (e.g. factories).

Collapse, Explosion,
Fire, Gas Leak, Other

Miscellaneous Accident

Disaster type term used in EM-DAT to
describe technological accidents of a non-
industrial or transport nature (e.g. houses)

Transport Accident

Disaster type term used in EM-DAT to
describe technological transport accidents.
involving mechanised modes of transport. It
comprises of four disaster subsets:
accidents involving aeroplanes, helicopters,
airships and balloons « Transport:Air »;
accidents involving sailing boats, ferries,
cruise ships, other boats « Transport:Boat
»; accidents involving trains «
Transport:Rail »; and accidents involving
motor vehicles on roads and tracks «
Transport:Road

Source: http://www.emdat.be/

Table 2a: Details about major extreme temperatures disasters

~F

L

Dates Geography Disaster Numbers
Est. Damage
Start End Counti Location Type Sub Type Name Killed [ Tot. Affected
4 e i (Us$ Million)
N R Extreme
16/07/2003 15/08/2003} Italy Milan, Turin Heat wave 20089 4,400
temperature
Paris region - Extreme
01/08/2003 20/08/2003} France Heat wave 19490 4,400
g all country temperature
2 Extreme
2 00/08/2003 00/08/2003 Germany Heat wave 9355 1,650
temperature
Moscou, Ext Ext int
xtreme xtreme winter
00/01/2006 00/01/2006 Russia Volgograd . 116 14 1,000
N temperature conditions
region
Texas,
. . Extreme
g8 26/01/2009 28/01/2009| United States Pennsylvania, Cold wave 58 1,100
= temperature
g Oklahoma
< R R Extreme
01/02/2011 08/02/2011] Mexico Sinaloa, Sonora Cold wave 3 120,000 500
temperature
. Zhejiang, Extreme Extreme winter
10/01/2008 05/02/2008] China P Rep . . . 129 77,000,000 21,100
Sichuan, Anhui| temperature conditions
o] Ext Exti int
3 |oor01/2008 00/02/2008)  Tajikistan Khatlon'Panj xtreme xtreme winter 2,000,000 840
temperature conditions
" Andhra Extreme
14/05/2003 06/06/2003| India . Heat wave 1210 400
Pradesh, Orissa| temperature

Source: http://www.emdat.be/
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Table 2b: Details about major storms

Dates Geography Disaster b
Est. Damage
Start End Counti Location Type Sub Type Name Killed | Tot. Affected
i i | s (US$ Million)
18/01/2007 18/01/2007|Germany Storm Extratropical cyclone Kyrill 11 130 5,500
o Ch te- Extratropical |
& |28/02/2010 02/03/2010France arente Storm xtratropical cyclone y 1 thia 53 500,079 4,230
£ Maritime (winter storm)
w Land Extratropical cycl
23/01/2009 26/01/2009|France andes, Storm xtratropical cyclone \us 11 3,200
Pyrinies (winter storm)
R Mobile, Bayou n N
29/08/2005 19/09/2005|United States La Batre Storm Tropical cyclone Katrina 1833 500,000 125,000
8 New York, New Hurricane
=t
g 28/10/2012 28/10/2012|United States ’ Storm Tropical cyclone 54 50,000
g Jersey Sandy
Galveston, P
12/09/2008 16/09/2008| United States alveston, Storm Tropical cyclone urricane 82 200,000 30,000
Brazoria ke
. Songda
03/09/2004 04/09/2004|Japan Kyushu Isl. Storm Tropical cyclone N 41 40,900 9,000
(Nina/22wW)
o Gyeongsang, . .
2 12/09/2003 12/09/2003|Korea Rep Storm Tropical cyclone Maemi 130 80,000 4,500
Gangweon
G 2 )
31/08/2002 06/09/2002|Korea Rep Yeongsang, Storm Tropical cyclone  Rusa 184 88,625 4,200
Chulan Chungci
Cassowan Tropical
02/02/2011 05/02/2011|Australia _y Storm Tropical cyclone Cyclone 1 7,300 2,500
Coast Shire -
© Yasi
© . Ex-Tropical
= . Brisbane, .
g 23/01/2013 30/01/2013|Australia R Storm Tropical cyclone cyclone 6 7,500 2,000
< Ipswich
Oswald
J dalup,
22/03/2010 22/03/2010|Australia oondalup Storm Local storm 1,390
Mandurah
Source: http://www.emdat.be/
Table 2c¢: Details about major flood disasters
Dates Geography Disaster Numbers
" " Est. Damage
h) | . Aff
Start End Country | Location ype | Sub Type | Name Killed | Tot. Affected (US$ Million)
11/08/2002 20/08/2002|Germany Basse-Saxe, Flood 27 330,108 11,600
Saxe-Anhalt
1 20/07/2007 24/07/2007|United Kingdom  Gloucestershire Flood General flood 7 340,000 4,000
g Yorkshi
a 25/06/2007 03/07/2007|United Kingdom 'O "' Flood General flood 6 30,000 4,000
Lincolnshire
17/05/2010 26/05/2010|Poland Cracovie, Flood General Flood 16 100,000 3,080
Vrasovie
09/06/2008 30/06/2008| United States :l!:‘::'; lowa, Flood General Flood 24 11,000,148 10,000
18/04/2011 23/05/2011|United States 1 SSISSIPPI Flood General Flood 9 4,600
8 valley, Ohio
E R Chiapas,
28/10/2007 16/11/2007|Mexico Flood General flood 22 1,600,000 3,000
< Tabasco
20/06/2013 27/06/2013|Canada Southern Flood General Flood 3 100,000 3,000
Alberta, Calgary|
h Phrae, Mae
05/08/2011 04/01/2012|Thailand Flood General Flood 813 9,500,000 40,000
Hong Son
. Fujian, Sichuan,
§ 29/05/2010 31/08/2010|China P Rep Guangxi Flood General Flood 1691 134,000,000 18,000
n Khyber
28/07/2010 07/08/2010|Pakistan Flood Flash Flood 1985 20,359,496 9,500
Pakhtunkhwa
21/07/2012 24/07/2012|China P Rep Beijing Flood General Flood 151 1,000,000 8,000
Queensland,
25/12/2010 04/02/2011|Australia New South Flood General Flood 35 175,000 7,300
2 Wales
g Central Coast,
E] 08/06/2007 12/06/2007|Australia ’ Flood Flash flood 9 5,000 1,300
< Hunter
13/02/2008 26/02/2008|Australia Mackay Flood General Flood 2 1,000 1,100
(Queensland)

Source: http://www.emdat.be/

The sample period extends from January 2000 to December 2013. Monthly data
for stock sustainability indices are collected from the stoxx database’'. The STOXX ESG

T www.stoxx.com
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Leaders (Environment, Society, and Governance) indices are sustainability
indices based on a fully transparent and rule-based selection process. Sustainalytics, a
leading global provider of ESG research and analysis, provides key performance
indicators (KPIs) to construct a relative rating using a fully transparent weighting model.
The set of indicators which underlies the environmental, social and governance criteria
follows the Key Performance Indicators for ESG 3.0 outlined by DVFA’?.

Table 2d: Details about major wildfires

Dates Geography Disaster b
. . Est. Damage
T . Afi
Start End Country Location ype | Sub Type | Name Killed | Tot. Affected (US$ Million)
N
18/07/2005 18/07/2005|Spain ear Wildfire Forest fire 11 1 2,050
Guadalajara
Nizhniy
§- 00/07/2010 06/08/2010|Russia Novgorod, Wildfire Bush/Brush fire 53 5,996 1,800
é Riazan
Messinie,
24/08/2007 30/08/2007|Greece Laconie Wildfire Forest fire 67 5,392 1,750
(Peloponese)
San B di
21/10/2003 04/11/2003|United States an Sernardine - wildfire Forest fire 4 40 3,500
3 (California)
= . Los Angeles, I .
g 21/10/2007 24/10/2007|United States Orange Wildfire Scrub/grassland fire 8 640,064 2,500
<
Los A les,
13/11/2008 18/11/2008|United States Oc:'Sangnege s Wildfire 55,020 2,000
° 02/12/2010 05/12/2010]Israel Carmel forest Wildfire Forest fire 44 20,022 270
E 00/08/2006 00/08/2006|Indonesia Muaro Jambi Wildfire Forest fire 200 14
Matysville,
02/02/2009 14/02/2009|Australia _a ysville Wildfire Bush/Brush fire 180 9,954 1,300
© Kinglake
T Canb
£ |os/01/2003 18/02/2003|Australia r:"ioi"a Wildfire Forest fire 4 2,650 300
2 S ine
25/12/2001 16/01/2002|Australia Y e Wildfire Scrub/grassland fire 4,400 90
Canberra
Source: http://www.emdat.be/
Table 2e: Details about major industrial accidents
Dates Geography Disaster Numbers
Est. Damage
Start End Country Location Type | Sub Type | Name Killed |Tat.AffEcted (Uss Milliogn)
Industrial
17/11/2002 17/11/2002|Spain Galicia ndustria Other 734 9,960
Accident
Sayano-
o Shushenska
ol Khakassi Industrial
9 |17/08/2009 17/08/2009|Russia akassia ndustria Collapse ya Hydro- 75 14 1,320
2 region Accident K
electric
power plant
Kertch detroit Industrial
11/11/2007 11/11/2007|Ukraine ertch detrol ndustria Chemical Spill 6 867
(Ukraine) Accident
Oil
Industrial latef
20/04/2010 20/04/2010|United States  Mexico Gulf ndustria Explosion platetorm 11 17 20,000
8 Accident Deewater
g Horizon'
< Industrial Oils st
23/10/2009 23/10/2009|Puerto Rico San Juan ndustria Explosion s storage 1,500 6
Accident facility
Moan sea .
. Industrial N Petrol
27/07/2005 27/07/2005|India (coast of A Fire 23 351 410
Accident plateforme
© Mahara)
2 Jai Industrial Oil st
< |29/10/2009 29/10/2009|india aipur ndustria Explosion ! storage 11 2,135 200
(Rajasthan) Accident depot
Industrial
27/09/2012 27/09/2012|Korea Rep Gumi ndustria Gas Leak 5 3,178 30
Accident

Source: http://www.emdat.be/

52 The DVFA is the Society of Investment Professionals in Germany (Deutsche Vereinigung fiir

Finanzanalyse und Asset Management)/ EFFAS (The European Federation of Financial Analysts Societies)
see http://www.effas-esg.com/wp-content/uploads/2011/07/KPIs_for ESG 3 0 Final.pdf.
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For example indicators are based on criteria (a) environmental such as

total energy consumption, total GHG emissions, emissions to Air (Total CO*NOx, SOx,
VOC emissions in million tonnes); (b) social such as percentage of full time employees
leaving p.a./total full time employees, average expenses on training per full time
employees p.a.; (c) governance such as litigation risks (Expenses and fines on filings,
law suits related to anti-competitive behavior, anti-trust and monopoly practices),
corruption (Percentage of revenues in regions with Transparency International corruption
index below 6.0).

We propose to test a number of questions. The first is whether major natural
disasters in terms of the economic damages caused exert any effect on stock returns. The
second issue that will be examined is whether systematic risk is altered over the duration
period of the natural calamity. For the purpose of this analysis an extended version of a
Fama-French model is estimated. The standard model is enriched by the inclusion of a set
of dummy variables for each type of the natural catastrophes examined here. The constant
dummies capture any significant abnormal returns over the month that the event
occurred. Additionally, slope dummies relevant to the excess return of the market
portfolio to the risk free rate (RM-RF) are also included in the model. This is done in
order to investigate any change in systematic risk over the disaster periods under
examination. Particular attention is given on any possible differences among the three
sustainability indices and a well-diversified across continents Global 1800 index.

The risk factors introduced by Fama and French (1993) are made available by
Kenneth French for the whole world on a monthly basis (Global FF factors)™. The
portfolios, which are constructed at the end of each June, are the intersections of two
portfolios formed on size (market equity, ME) and three portfolios formed on the ratio of
book equity to market equity (BE/ME). The size breakpoint for year ¢ is the median
global market equity at the end of June of year . BE/ME for June of year 7 is the book
equity for the last fiscal year end in #-/ divided by ME for December of ¢-/. The BE/ME
breakpoints are the 30th and 70th markets percentiles (see table 3). Specifically, the SMB
is the average return on the three small-capitalized portfolios minus the average return on
the three big-capitalized portfolios [SMB =1/3 (Small Value + Small Neutral + Small
Growth) - 1/3 (Big Value + Big Neutral + Big Growth)], whilst HML is the average
return on the two value portfolios minus the average return on the two growth portfolios
[HML =1/2 (Small Value + Big Value) - 1/2 (Small Growth + Big Growth)].

Figure 1: Construction of the Fama-French Factors
Median ME

Small Valuc Big Valuc
Small Neutral | Big Neutral
Small Growth | Big Growth

70th BE'ME percentile
30th BEME percentile

53 The global factors and portfolios include all 23 countries in the four regions: Australia, Austria, Belgium,
Canada, Denmark, Finland, France, Germany, Greece, Hong Kong, Ireland, Italy, Japan, Netherlands, New
Zealand, Norway, Portugal, Singapore, Spain, Switzerland, Sweden, United Kingdom, United States.
(http://mba.tuck.dartmouth.edu/pages/faculty/ken.french/data_library.html#Developed).
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Following asset pricing theories, the risk return trade-off and previous -1 2014

empirical research (see for instance, Elyasiani and Mansur, 1998; Brewer et al., 2007,
Elyasiani, et al., 2007; Papadamou and Siriopoulos, 2014) a GARCH-in-mean model
consisting by equations (1) to (3) is estimated by using maximum likelihood method:

5

R,~RE=fl,+B,(RM, ~RE)+ f§,SMB+ f,HML+ S . D (RM ~RE)+> . D+l +u, (D

j=1
u, |Q,, =h, -z, z, ~ iid N(0,]) (2)

_ 2
h,=a, +au, , +ah,, 3)

Where R, is the return on the i (where i=GEP for the Environment Index, GSP for the

Society Index, GGP for the Governance Index) stock index in month #; RM, is the return

on the market portfolio in #; RF is the risk free rate proxied by three month Euribor; L is a
dummy for the announcement of the Lehman Brothers default that takes the value of one
for September 2008 and zero elsewhere. By allowing exogenous shifts in stock returns
from the natural disaster events, dummy variables Dj, taking the value of one over the
month of the j event (where j=1 Extreme Temperature, j=2 Storm, j=3 Flood, j=4 Fire,
J=5 Industrial accident) and zero otherwise, are used. If all D;=0, the mean return of the i
index is measured by the 5, coefficient while the coefficient measuring the systematic

risk is /3. Otherwise and depending on the type of the disaster occurred in time mean

return and systematic risk may be altered.

The volatility of stock returns is measured by conditional variance #4,, which is
described as a function of the squared values of the past residuals presenting the ARCH
factor, and an autoregressive term /, | reflecting the GARCH character of the model. The
coefficients @, and a, must satisfy the stationarity conditions such that a, 20,a, >0 and
a,+a, =0 % The degree of volatility persistence is measured by the sum of coefficients
a,and a,.

In order to take into account any possible delay in the investor reactions equations (1) is

modified by using one time lag of the relevant dummies. Therefore the whole analysis
has been conducted also for the following modified model:

R,—RE=p,+f,(RM —RE)+ S ,SMB+ 3 HM[+ ZBD RM—RE)Jriﬂ,S,J-D,-,,_] +1) () +u, (4)

u, |Q,, =h, -z, z, ~ iid N(0,1) (5)
h,=a,+ alutz—l +a,h,, (6)

3 We have to mention at this point that the Engle and Ng (1993) tests for asymmetry in volatility, known
as sign and size bias tests provide evidence for a symmetric GARCH in case of stock returns.
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3. Empirical Results ENVECON 2014

As it can be seen from Tables 2a to 2e where the specific attributes of both the
anthropogenic as well as natural disaster events are shown, storms exhibit the highest
costs in terms of economic damages. Also worth noticing is the significant number of
deaths during the extreme temperature conditions in Europe over the period July —August
2003.

Before proceeding with the estimation results of the extended Fama-French
model, it is worth looking at the evolution of the three sustainability indices versus the
Global 1800 index over the period studied. This is done in Figure 2. As can be seen, the
three sustainability indices although they had broadly similar movements, towards the
end of the sample period the environmental index outperform the other two.

Figure 2: Evolution of prices for stock indices

120 |
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The maximum likelihood estimates of the extended with dummies Fama-French
model (model 1) in order to uncover the effect of investors’ reaction to natural and
anthropogenic adversity events are shown in Table 3. In a final version the FF model
extended with only the statistically significant explanatory variables is presented (model
2). On the one hand, in order to see the performance (risk and return) of equity indices on
the occurrence of a particular disaster event, investors’ reaction during that month of the
specific j event is analysed. To this effect, a relevant constant dummy and a slope dummy
referred to as market risk factor are included in the model. The later, may capture any
significant change in systematic risk.

The empirical findings reported in table 3 point to a positive effect on the three
sustainability indices returns only in periods of industrial accidents (almost 2% increase
in all three cases ESG). This finding provides evidence that suggests that anthropogenic
calamities spur a flow towards more social responsible investments. This assertion is
strengthened by the fact that no significant return was present in case of the global
investment strategy. Another interesting finding is the negative reaction of investors in
case of wildfires for all indices.
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Table 3: Maximum Likelihood estimation results in case of an immediate effect
of natural and anthropogenic adversity on stock returns
[ GEP Index [ GSP Index [ GGP Index | Global 1800 Index
Mean Equation modified FF: R,, - RF, = f,, + /5, (RM, — RF,)+ 8, ,SMB, + B, \HML, + ZA oD, (RM, = RF,) + ZA oD+l +u,
Model 1 Model 2 - Model 1 - Model 2 Model 1 Model 2 Model 1 Model 2
Coef. Variables Coef. |__Prob Coef. |_ Prob. Coef. |__ Prob. Coef. |__Prob Coef. |_Prob. Coef. | Prob. Coef. | Prob. Coef. | Prob
v ho® 0.299 (0.64) 0.476 (0.45) 0173 (0.70) 0.046 (0.92) 0379 (0.61) | 0482 (0.45) 0455  (022) | -0.259 (0.44)
Bo Intercept -0.002 (0.88) -0.007 (0.69) 0.009 (0.43) 0.004 (0.79) -0.004 (0.83) | -0.006 (0.70) 0014  (0.20) | 0.009 (0.36)
B1 RM-RF, 0575  (0.00y* | 0592 (0.00)"* 0584 (0.00)"™* 0612 (0.00)** 0651 (0.00y* | 0672 (0.00)"* 0483 (0.00y** [ 0.482 (0.00)"*
B2 SMB; 0.934 (0.00)** 0.944 (0.00)*** 0.992 (0.00)*** 1.041 (0.00)*** 1.022 (0.00)** 1.031 (0.00)*** 0.528 (0.00)*** [ 0.486 (0.00)**
Bs HML, -0.230 009 | -0.237 (0.08)" -0.204 (0.09)* -0.209 (0.09)* 0216 (0.11) | -0.197 (0.14) 0137  (037) | -0.177 (0.21)
Bar Dt (EXT)'(RM-RF) | 0.389 (0.04)* | 0376 (0.02) 0.237 (0.23) 0240  (0.15) 0054  (0.85)
Biz  D2i(SU*RM-RF) | -0.068 (0.66) 0.076 (0.63) 0135 (0.37) 0019 (091)
Bas  Dsy(F)*(RM-RFy) 0.172 (0.18) 0.206 (0.06) 0162 (0.19) 0062  (0.70)
Bss  Day(Fire)(RM-RF) | -0.153 (0.32) -0.191 (0.21) 0140  (0.39) 0260  (0.12)
Bss  Ds:(nd)(RM-RF) | 0446 0.04y* | 0397 (0.06) 0.363 (0.06) 0.266 (0.18) 0306  (0.12) 0430  (0.19)
Bsi D1 (EXT) 0.001 (0.95) 0.004 (0.65) 0.001  (0.90) 0011 (0.23)
Bs2 D2 (St) 0.004 (0.51) 0.003 (0.54) 0002  (0.70) 0.010  (0.02)* | 0.009 (0.04)™
Bsa Da(Fl) 0.006 (0.28) 0.006 (0.25) 0.007 (0.18) 0.010 (0.19)
Bss Da,(Fire) 0016  (0.01)* | -0.014 (0.03)* -0.008 (0.15) 0012 (0.04)* | -0.011 (0.10) -0.014  (0.04)* | -0.012 (0.08)
Bss Ds, (Ind) 0.019 (0.00)*** 0.018 (0.00)*** 0.021 (0.00)*** 0.017 (0.01)** 0.021 (0.00)*** | 0.020 (0.00)*** 0.009 (0.40)
Variance Equation: s, =a, + au, + a,h,_
a Vol. Intercept 2.0E-04 (0.12) |1.7E-04 (0.12) 2.2E-04 (0.13) 1.7E-04 (0.19) 16E-04 (0.10) |1.3E-04 (0.12) 53E-05 (0.20) |4.6E-05 (0.24)
a ARCH 0.186 (0.06)* 0.156 (0.07)" 0.257 (0.03)™ 0171 (0.04)™ 0152 (0.07)* | 0.128 (0.09)" 0124  (0.04) | 0.120 (0.06)"
az GARCH 0.547 (0.01)* 0612 (0.00)*** 0.455 (0.09)* 0.602 (0.00)*** 0.626 (0.00)** [ 0.691 (0.00)*** 0.821 (0.00)** [ 0.833 (0.00)***
Adjusted R-squared 53% 55% 54% 57% 57% 58% 34% 35%
Log likelihood 321.855 320.283 324.005 320.727 323.046 319.940 345.970 343452
Q(12) (0.64) (0.63) (0.61) (0.44) (0.67) (061) (0.54) (0.59)
Qsq(12) (0.96) (0.94) (0.95) (0.75) (0.91) (0.82) (0.74) (0.62)
ARCH(1) (0.61) (0.79) (0.67) (0.82) (0.95) (0.77) (0.61) (0.79)

Notes: *** ** * indicate statistical significance at 1%,5% and 10% level.

Given the monthly frequency of the data series, the effect of an event that
occurred at or near the end of one month may not be fully reflected on average monthly
prices. This can be remedied with the introduction of time lags in the dummies.
Furthermore, as behavioral finance theory suggests, market participants tend to adjust
slowly to the arrival of new information due to inertia and conservatism bias. This leads
to delayed interactions and adjustment. A dimension that can also be captured through the
use of time lags. To that end Eq. (4 and 6) are estimated and the results are reported in
Table 4 where a significant reduction in systematic risk over the month following
wildfire events is detected but only in the case of the three sustainability indices. This
result implies that investors can benefit by diversifying their portfolios using these
sustainability indices. In other words, in the next month of the occurrence of these two
specific events the correlation of these indices returns to market returns is reduced
significantly. Investors mainly affected by the disasters alter their perception and trading
behaviour for these indices

In general from tables 3 and 4, it can be said that the market index coefficient (B3)
is significant, positive, and less than unity for all indices. However, the sustainability
indices present a higher systematic and size risk when compared to the Global 1800 index
that can be characterised as a more diversified portfolio. Moreover, in the Fama-French
model there is evidence for a negative effect of HML portfolio but with weak statistically
significance in only some cases. The inclusion of a slope dummy in the case of the
market risk factor can potentially price significant changes in the behavior of investors
for companies that are characterized as social responsible capturing more complex shifts
of the systematic risk.

Any statistical significance in cases of the coefficients of constant dummies
assumes direct effect on returns. The constants of these models implies no systematic
over performance for sustainability indices in line with Climent and Soriano (2011) in
case of US green funds.
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Looking at the estimation results for the variance equations in tables 2
and 3, we can conclude that there is evidence of time varying volatility for the indices’
returns studied here. The empirical significance of the estimates for the ARCH and
GARCH coefficients in the volatility equation is tested using t-tests (o; = 0, ap = 0). It
appears that volatility persistence is present in all cases providing evidence against
traditional models that assume time invariant volatility. The Lehman Brothers default
dummy has a significant negative effect which is similar across the stock indices studied.
However, the weaker effect is presented in the well diversified global 1800 index again
providing evidence for the diversification benefits. The magnitude of the trade-off
between the mean and the volatility of stock returns in these indices is determined by the
trade-off parameter (y). However, in all cases this parameter is not being statistically
significant, even if in other studies focusing mainly on banks stock returns has been
found positive and statistically significant (see for instance Elyasiani & Mansur, 1998).

Table 4: Maximum Likelihood estimation results in case of a delayed effect of natural
and anthropogenic adversity on stock returns
| GSP |

| GEP GGP | Glob18
: s
Mean Equation modified FF: R,, — RF, = f3,, + f5,,(RM, = RF) + 3, ,SMB, +  ,HML,+ > B, D, (RM, = RE)+ Y B.s D, +7:J(h) +u,
= =
Model 1 Model 2 Model 1 Model 2 Model 1 Model 2 Model 1 Model 2
Coef. Variables Coef. | _Prob. Coef. | Prob. Coef. | Prob. Coef. | Prob. Coef. | Prob. | Coef. | Prob. Coef. | Prob. | Coef. | _Prob.
v ho* 0397  (050) | 0315 (0.61) 0236 ©56) | 0.184 (0.66) 053  (0.30) | 0517 (0:34) 0386 (037) | -0314 (0.:39)
Bo Intercept 20004  (081) | -0.003 ©087) | 49E-04  (0.96) | 0.001 (©89) | -0.007 (0.61) | -0.007 (065) 0015  (0.24) | 0012 (0.28)
B1 RM-RF 0747 00y | 0660 (000 | 0715  (©00y* | 0668  (0.00** | 0778 (0.00)*| 0715 00y | 0524 (0.00y** | 0485  (0.00)*
B2 SMB, 0952 (0.00y** | 0946 (000 [ 1031  (©00y* | 1.036  (0.00* | 1.039 (0.00)** | 1.041 ©00y* | 0467 (0.00y** | 0468  (0.00)*
Bs HML, 0243 (009 |-0.182  (0.09) 0270 (003)* | -0221  (0.08) | -023 (0.10) | -0.210 0.13) 0.184  (0.20) | -0.177 (0.21)
Bsi  Diui (EXDRMcRF) [ 0239 (034) 0.187 (0.46) 0060  (0.80) 0117 (0.52)
Bsz  Dawt(SU'(RMcRF) | -0.180  (033) -0.046 (0.76) 20102 (0.56) 0056  (0.75)
Bss  Dawt (F'(RM-RF) | -0.189  (0.14) 0217 ©.11) 0208 (0.11) 0.145  (0.36)
Bsa  Dapr (Fire)'RM-RF) [ 0396  (0.00y** | -0456  (0.00** | 0355  (0.02) | -0417 (0O | -0.382 (0.01)* | 0431  (0.00)™* | -0.354 (0.12)
Bss  Dswr (NOY(RMcRFY) | -0.163  (0.12) -0.094 (0.40) 0149 (0.18) 0.160  (0.12)
Bsa D11 (EXT) 0002 (089) 0.006 (0.56) 0002  (0.84) 0.006  (0.65)
Bsz D1 (SY 20.003  (066) -0.002 ©.71) 0.003  (0.59) 0.009  (0.26)
Bss Dt (FI) 20001 (086) -0.002 ©0.72) 20.001  (0.88) 0.001  (0.86)
Bsa D1 (Fire) 0005 (042) -0.002 (0.74) 0.003  (0.66) 0015 (0.07)" [ 0015  (0.03)*
Bss Ds..1 (Ind) 20001 (092) 0.004 (0.44) 0003 (0.66) 0001 (0.84)
Variance Equation:  h, =a, + a,u], +a,h,
@ Vol. Intercept 19E-04  (017) |1.1E-04  (0.28) | 1.7E-04  (0.10) |20E-04  (0.07)° |16E-04 (0.10) [14E-04  (0.11) |4.2E-05 (0.34) |44E-05  (0.31)
a ARCH 0168  (0.11) | 0.108 (0.16) 0243 (o™ | 0223 (002 [ 0175 (004" | 0.148 ©o04y* | 0004 06y | 0107 (0.06)"
a GARCH 0584 000y | 0750 (000 | 0534  (©00)* | 0517 (0.00** | 0620 (0.00)* | 0665 000y | 0859 (0.00y** | 0847  (0.00)*
= >
Adjusted R-squared 54% 56% 55% 58% 57% 59% 37% 37%
Log likelihood 320.583 318.307 323.984 321.887 321748 320.043 346375 343.497
Q(12) (034) (0.18) ©0.12) ©.11) (039) (0:35) ©.37) (054)
Qsq(12) (0.99) (0.88) (0.96) (0.89) ©091) 091) (0.86) (0.86)
ARCH(1) (087) (0.68) (099) (0.93) (0.66) (0.86) ©.71) (0.64)

Notes: *** ** * indicate statistical significance at 1%,5% and 10% level.

The last part in all these tables, presents some diagnostics tests on the residuals. It
can be easily seen that there is no empirical evidence for autocorrelation and
heteroskedasticity across the fitted models. Correlations among explanatory variables and
variance inflated factors (VIFs), not provided for reasons of brevity, indicate evidence
against any collinearity problem>. Moreover, in the last column for each index a final
model with the most significant dummies is included to avoid the loss of a significant
number of degrees of freedom by keeping all variables into the model. Nevertheless, the

3> Variance inflation factor measures the level of collinearity between the regressors. It shows how much of
the variance of a coefficient estimate of the regressor has been inflated due to collinearity with the other
regressors. The estimates of VIFs are available upon request by the authors.
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results do not alter in all cases. Looking at the adjusted R> measures the lowest =~/ 2014

value is present in the Fama-French model for Global 1800 index.

4. Conclusions

The paper examined how three sustainability indices react to natural and
anthropogenic adversity. A number of mega events in terms of damages were chosen to
explore the issue and empirically trace any differences in the reaction. The findings
yielded from the estimated models suggest that in the case of specific natural calamities —
specifically wildfires — bring about a significant reduction of systematic risk for
investment portfolios that follow sustainability strategies as the ones used here, i.e.
portfolios that include stocks in companies that meet environmental, social and
governance criteria. In this respect the evidence unearthed here suggests that the ESG
indices may be an important investment alternative in constructing diversified portfolios
and reducing the risk. It is interesting to note that from the various types of disasters this
is the case only for wildfires.

A couple of tentative explanations maybe advanced. It is probably plausible to
associate this reduction with the fact that forest fires leave a much longer lasting damage
imprint on the environment. For a forest to be replenished even with systematic
reforestation efforts, decades are required. The damage therefore is of a very long term
nature. To this, one must also consider the important role forests play in the reduction of
the greenhouse effect. In this context, wildfires probably augment the public’s sensitivity
over environmental issues and affect investors’ behavior and portfolio allocation choices
albeit with a time lag which points to a gradual process of change and adjustment as
suggested by behavioral finance.

Broadly the same behavioral chain argument may be used to explain that why the
results reported herein indicated a significant movement by investors to the sustainability
indices in cases of industrial accidents as captured by the positive and statistical
significant coefficient in the industrial accident dummy. Industrial accidents invariably
cause environmental damages and attract considerable negative publicity. This affects
investors’ sentiment and portfolio allocation decisions in favor of more environmentally
and socially investment choices. However, this flow does not continue over the next
month, implying a short lived effect and not a structural change in their investment
strategy.
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Nuclear events with their Socio- Environmental effects
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Abstract

The target of this paper is to discuss statistical data for the nuclear events, such as the
Chernobyl accident, and the atomic bomb survivors. The corresponding data analysis for
data collected for humans, concerns the Sociological part while the physical disasters,
concern the Environment effects. The sad Chernobyl nuclear accident has some influence
in both Social and Environmental effects in Greece, as various statistics present. We are
referred to both. The international data for the atomic bomb survivors are also discussed.
In principle the statistical work is very sensitive, due the collected data, and the
underlying hidden Mathematics. The analysis needs a particular consideration, based on
Statistical techniques, for those exposed to nuclear effect, due to the involved politics.

Keywords:  Risk, Statistical Level, Chemicals, Atomic Energy

1. Introduction

On the April 26, 1986 at 01:23 hours the fourth Unit of the Nuclear Reactor at
Chernobyl, of the former USSR, has exploded. This unit was supplied with two electrical
turbines of 500 MEGAWATT. It was established on 1983, as the third unit, while the
first and the second were established in 1977. The technical lake, close to Chernobyl, is
about 22 km”. The environment around Chernobyl, in a radius of about 100 km was
heavily polluted. That includes Belaruse, Ukraine, Russia. The pollution was heavily
increased due to the rainfall and a lot of people were exposed to the risk due to 1% of May
celebration.

The first country tackled by the nuclear cloud was Sweden in April 27, 1986,
while in Finland they noticed an unusual increase of radiation. On April 28-30, 1986,
Poland, East and West Germany, of that time, Belgium, Holland an U.K noticed and
realized the increased radiation in their territory. The nuclear cloud moved up to May 2-3
to Austria, North Italy, the Balkan area and Greece. Due to rainfall of those days the
nuclear cloud was essentially realized in northern Greece and particularly in the area of
Pieria, Grevena and Trikala, which are roughly 350-450 km northern to Athens.

The Greeks stop eating vegetables and fruits (a rather essential part of the Greek
food) and they were certainly panic. As a result 2500 cases of stopping pregnancy were
recording these days. Looking back to that days, the panic in Greece, was essentially due
to the absence of any strict instructions to the Greek citizens what to do or what to avoid
doing.

Various measurements were taken, since that day, to describe the influence to the
food products due to the Chernobyl accident etc. Different meetings were also taken
place in Greece about this sad event the most appreciated being that of Greek Ca Society
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on November 27-29 1995, and the meeting of the Greek Research Center
“Demokritus”, April 22-23, 1996.

The collection of such data it is under various restrictions. In this paper only the
Statistical point of view of the problem is under investigation. The terms trueness and
precision are used to describe the accuracy of a measurement, under the ISO 5725-1 .
Trueness refers to the closeness of the mean of the measurement results to the actual
(true, but unknown) value. Precision refers to the closeness of agreement within
individual results. Therefore, according to the ISO standard, the term "accuracy" refers to
both trueness and precision. Moreover it is emphasized that ISO 5725-1 also avoids the
use of the Statistical term bias (the expected value of the estimation minus the true value),
because it has different connotations outside the fields of science and engineering, as in
medicine and law. The following Figure 1 clarifies the situation. Notice that the bias,
under the M-estimators, Kitsos and Mueller (1995), can be either bounded by a positive
M, or less than infinity — which is actually the classical case of estimation. As we do not
know the bounds of the bias, in nuclear data reports, we are under the Classical case of
estimation in such cases. We believe that even the consideration of “personal believes”
and therefore a Bayesian approach, it would be a Risk procedure.

4
E B e L -
-]
oy
=
=
£
= [ A ]
Truse = - ""-"-:IIHEI::
Value [ Precml?n Parameter
se(dh) of interest
b(@) =E(8) -8
b(ey =M bounded
= : R Compare with
M=+ c¢lassical M e E: Robust = Fiobust (model)

Figure 1: Presenting Bias, Precision and Robust estimation, under the Normal
distribution.

The fact that “more probability” is needed at the tails, created a family of
distributions with “fat tails”. A typical example of such distribution is the y-order
generalized Normal, with an extra (shape) parameter y, Kitsos and Tavoularis (2009).
With value of y=2, the typical Normal is obtained, while with y>2, the probability at the
tails in a 20 confidence interval is more that 0.05, see Kitsos and Toulias (2010). In
environmental problems, with “extreme situations”, as the nuclear events, the y-order
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generalized Normal distribution, seems to be more appropriate, as even in a 3¢ i

interval, the tails still devote an essential probability level, to describe the extreme
phenomenon, as the Chernobyl nuclear accident- Figure 2 bellow describes the situation
in comparison with Figure 1 above, when y=5.

F'r_uh:-_hilﬂ}' Df:-!j_srlw

True = i - - -
Value [ Precision T "Value

) A Paratneger

s i) of interest

b)) = Eié)— ¢
e =M bounded
M=+w=: classical M & B : Robust =

Compare with
Hobust |_|:|-\.I-J1.'E'|

Figure 2: Presenting Bias, Precision and Robust estimation, under the
generalized y-normal distribution (y=5, to obtain “heavy tails”)

The collected data, were the underlying model is not clear, as in Economics,
Sociology etc, provides that information which might measure either the existed
Uncertainty or the Relative Risk.

In principle, Uncertainty is the lack of certainty: a state of having limited
knowledge, where it is impossible to exactly describe the existing state, a future outcome,
or more than one possible outcome. It is clear therefore that in nuclear disasters, at least
at first stage there is an uncertainty about the event. Thus a Measurement of Uncertainty
is needed: A set of possible states or outcomes where probabilities are assigned to each
possible state or outcome — this also includes the application of a probability density
function to continuous variable. That is the relation with Statistics is certain! Moreover at
a state of uncertainty there are some possible outcomes with an undesired effect or
significant loss. That is the Risk is needed to be estimated. The Relative Risk, or Odds
Ratio, is a typical measure of the Risk, see Halkos and Kitsos (2010, 2011, 2012) who
adopted this procedure on a number of applications.

That is eventually the Uncertainty, as well as the Risk, for the Sociological and
Economical problems is rather more difficult to be evaluated, than in Engineering
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problems, as the underlying mechanism is not clear and solid. We present briefly
some of the data collected and presented for Greece, to measure pollution, due to the
Chernobyl nuclear accident in Greece.

2. Statistical Data

There are different data sets and relevant analysis for them, as far as the
Chernobyl accident concerns. This paper is concentrated on Greece, but we present as
well the main results for other countries, Bazyka et al. (2007). The Data Analysis can be
presented either in a compact mathematical point of view, with no chance of numerical
evaluations, as in the excellent Mathematical monograph by Tan (1991), or being more realistic
and adopting and applied Statistical models in practice, or as compromise between theory and
Data Analysis, Edler and Kitsos (2005).

Based on the data of the 2006 National Report of Ukraine (2006), in Table 1 it is
presented the following average total (internal and external) cumulative doses may be
estimated for 1,446,000 residents in the >37 kBq/m® *’Cs original deposition Ukrainian
areas over the 1986-2055 period.

Table 1: Cumulative Dose in Ukraine due to Chernobyl accident

Period(s) Total Average Cumulative Dose = Contributions of the single
1986 ~ 5.4 mSv (30%) ~ 5.4 mSv (30%)
1986-2005 ~13 mSv (72%) ~7.6 mSv (42%)
1986-2055 ~18 mSv (100%) ~5.0 mSv (28%)

The dose distribution is uneven in the various areas. The higher assessed exposures for
Ukrainian population (small groups) is: 1986-2005 ~ 100-200 mSv

A high dose variability results also within some very small areas. Following
Bazyka et al. (2007), taking into account the IARC estimation criteria of cancer burden,
from the Chernobyl accident falloutan assessment of solid cancer incidence risk in the
significantly contaminated areas of Belarus, Russia and Ukraine has been carried out for
residents. The lifetime risk parameter for solid cancer (7.28 x 10°/mSv) was adopted.

Different statistical data sets were collected and analyzed in Greece in relation to
the Chernobyl accident. Some of them are discussed and presented here, so that a global
point of view to be realized for Greece. We would like to emphasize the absence of
databases in Greece concerning Ca at the time of accident. The studies ware mainly based
on:

Sampling measurements on humans or animals.

Measurements of radiation in the environment.

Experimentation on animals (mainly to test milk).
An overall criticism of the adopted techniques is that although accurate data sets were
collected, there are some evidence that there is not an experiment design approach, to be
followed, either for the sampling technique adopted (although a simple random sampling
scheme was usually used) or for the experimentation. We present the main targets of the
measurements below.
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2.1 Childhood Leukemia

The full information on the size of the carcinogenic risk of an exposure is given by an
exposure-risk relationship (dose-response relationship). Childhood Leukaemia is usually
measured in nuclear accidents. More over the radiation of the Sea or more general the Water,
Food etc are also measured. In most Risk cases, such as Cancer, it is not reported , the full
relationship. Instead a selected one-dimensional feature of the relation is used to characterize the
size of the risk, as this is easier not only in evaluation, but in data collection as well.. Examples
are the Virtual Safe Dose (VSD), the Benchmark Dose (BMD), the effective dose that causes xx
percent of responses (EDxx), the Unit Risk (UR), or the NOAEL. These quantities represent
different properties of the dose-response relationship. The data collected for the accident under
investigation, has been extensively criticized. We shall restrict our interest for the case of Greece.

Childhood leukemia is a crucial subject as the average time of its appearance is
eight years when a child is exposed to radiation, while is known that it is related to
radiation. It was counted the soil radiation (in Bq/kg Ra-226) and the radiation Cs-117 in
the 52 districts of Greece, Petridou et. al. (1994). For the period of time 1.1.80 — 30.6.86
there was a frequency of 3.67 cases of children leukemia per 100.000 children, while for
the period 1.7.86 - 30.6.88 there was a frequency of 3.99 and then from 1.1.88 - 30.6.91
came back to usual level, a 3.39 frequency per 100.000 was recorded. There is a criticism
for this study, but even so, there are not enough evidence to announce a statistical
significant difference before and after the accident, while it might be an effect due to low
dose absorption of radiation. This has not been studied. Only a descriptive statistics
analysis was preceded.

2.2 The radiation of the Sea
From the experimental dose-response relationship, see Kitsos (2012) it is possible
to obtain the highest dose level (that is an explanation of why some researchers adopt the
Extreme Value Theory) for which no significant effect is detected. The term describing
the situation is in Toxicology No-Observed-Effect-Level, NOEL. The situation is
complicated as different NOELs may exist, when different target and tissues or different
species are considered. As a rule of thump the mini-max dose effect is adoped, ie choose
the minimum NOEL to reduce uncertainty. But unfortunately the extrapolation from the
experimental NOEL to humans needs further investigation, Kitsos (2012), among others.
Therefore the radiation of the sea, might be considered as a source of information for the
life within the sea. The data we considered for Greece is describing briefly. The Cs-137
levels between 1984-1985, for the Aegean Sea was about 2-3 B, m™. As it was reported
by Kritidis et. al. (1990) and Florou et. al. (1990) the Cs-137 was increased to 3-4 Bqm
while the Cs-137 was also performed to test the influence of  Cs-137, Cs-134 to the fish
ecosystems at the Greek lakes.

2.3 The radiation of the Water
It is a very complicated case of study the fate and transport of chemicals in
groundwater. In principle fate and transport of a contaminant from a spource to a
potential exposure site can be divided in the following main steps:
Release of contaminant into the ground
Movement of contaminant through an unsaturated zone OR
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Movement of contaminant through a saturated zone.
Release of the material into the groundwater is certainly required — not an easy
procedure. The involved uncertainty in characterizing the release of chemicals into the
geo-hydrologic system passes through the following levels:

Decide/describe chemicals are present

What is the receptor medium?

Define or guess when the realize will begin.

What is the expected rate of release?

For how long will take place in level 4 release.

Therefore to investigate the influence of the accident to the “neighborhood area” is not
that easy, as gar as the chemical concern. Moreover is difficult to define the “radius” of
the “neighborhood area”. That is why in this paper only Greek collected data is reported.
On the report of “Demokritus” Research Center (1989) different values for rainwater,
surface water concerning the lakes Marathon and Iliki and the river Mornos, as the three
of them are the source of the drinking water in Athens. Values for the drinking water of
any kind in Greece are reported as follows in Table 2.

Table 2: Mean Values of 1-131 and (Cs-137 + Cs-134) for water

samples after Chernobyl accident in Greece

Period Rainwater Surface Drinking
1. May 5-11,1986 92 (A) 25 (ND*) 11.0 (1)
2. May 12-18,1986 3.6(1.3) 2.6 (2) 1.6 (1.8)
3. May 19-25,1986 5.5(1.5) ND (ND) 2.9(0.5)
4. May 26-June 1,1986 0.8 (0.8) ND (ND) 1.5 (ND)

* ND = Not Defined

Therefore all the values reported are below 1.1 Bql™' after May 30,1986. An extente
research on drinking water disinfectants and contaminants, can be find in I[ARC (2004),
were an extended list of references is also presented.

2.4 The radiation of the Woods

The average value of Cs-137 on the surface oil (AVSS) in a wood is due to its
leaves from the trees (for about 83%) and to its branches from the trees (for about 17%).
In Greece is AVSS = 0.18 MBgha'y™ and the contribution due to the rainfall of that days
was not significant. It is crucial to notice here that due to large uncertainties, and woods
might offer such a possibility, the risk of making scientific mistakes is large.
The two most important cases are “false positives” and “false negatives”.
A false positive is a misclassification in which a substance is judged to be carcinogenic,
when in fact it is not. A false negative is a misclassification in which a substance is
judged not to be carcinogenic, when in fact it is. That is why the Statistical Data Analysis
is very important in such cases.
2.5 The radiation to the Food

Different samples were collected in Greece during May 3 — June 25,1986. A
simple integrated factor was introduced, as the Factor of Emergency, FE. It is based on
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the NRPB Derived Emergency Reference Levels and, see “Demokritus’ report
(1986). It reflects the level of emergency a given mixture of concentrations for each age

group, ie.
C.
FE =) —
J ZLU

with C; : the concentration of nuclide i

L;j : the NRPD DER Level for nuclide i and age group j
Various products were tested due to this idea. In principle, as it is reported, by the middle
of June 1996 the FE values were at the expected range. From Papastefanou et. al. (1996)
who extensively discussed the pollution from Chernobyl accident, we present the average
concentrations of Cs-137 in food stuff in Greece.

Table 3: Mean concentrations and standard deviation (SD) of Cs-137 (*)
in foodstuff (Bq kg'l) in Greece, May 1986-May 1987.

Mean concentration £ SD Food Stuff
(Bq kg
130 £ 8 cheese, milk, vegetables
150+9 bread, meat
350+2 cereals
20+ 1.2 potatoes
120 £ 7 fruits

(*)Yearly intake Cs-137 (Bqg™) = 82072.5

2.6 Various other measurements
Various other measurements were taken in Greece to test the effect Chernobyl
accident in pollution. To test the effect of Cs-137 in humans. The maximum values of
surface radiation were found at the area of Imathia and Karditsa. To test the effect Sr-90
to human teeth and bones. The following Table 3 presents the concentration of Sr-90 in
bones, Stamoulis et. al. (1996).

Table 4: Concentration of Sr-90 in human bones
Age m Bq Sr-90/g Ca
20-30 13+2
30-40 33+19
40-50 33+21
50-60 46+13
60-70 51+37
70-80 37+10

These values are within the usual levels. But we believe that the sample size is very
small.

2.7 Comments
We believe that, in principle, there is a weak statistical analysis at the collected
data in Greece. Either the small sample size, or the statistical method adopted does not
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provide too much evidence that the results are statistically significant. But as they
stand, most of the analysis provided for the influence of various chemicals does not
provide a statistical significant influence. But the chemicals are measured one by one for
sort time to restricted number of cases. Most of the authors realized the underlying
statistical problem. There are not studies working the effect of chemicals as covariates,
Kitsos(1998).

3. Dose estimates for the Greek population

In section 2 we summarize in a compact form, the radioactive materials
contaminating the Greek environment and the Greek foodstuffs. There is a certainly a
geographical factor : the influence was substantial in the North Greece. The routes of
exposure offer a different degree of ionizing radiation. The effect was different from
adults and children.

The assumptions for a interval evaluating exposure and to water ingestion were,
“Demokritus” (1986). A daily inhalation rate of 23 m® for adults and 15 m® for the ten
years old children. Then from May 2-31,1986 the effective dose equivalents were
estimated to 5 and 7 m rem. A daily water intake of 1.65 It and 0.95 It for the children age
10. Then the radioactive burden due to water ingestion was at most 249 Bq and 143 Bq
respectively. The following Table 5 summarizes the results.

The Cancer data concerning the Greek society have been published by
Stavrakakis et. al. (1991) at an official publication. Kitsos (1991) working with the
Medical School Of the Technological Education Institute, performed an one year study
collected data on Ca from the Greek hospital records. Meanwhile a social and
epidemiological study was carried out, with a sample of 3000 Athenian households to
study the social-economic factors on the Ca.

There is indeed a statistical significant difference among various areas in Athens.
There is also a statistical difference between Athens and some areas in the North, but still
this is rather hard to decide if this is due to the Chernobyl accident. The time the Greek
patients remain at hospital concerning a therapy on Ca has been studied by Kitsos
et.al.(1991).

Table 5: Global dose estimates in mrem for the first year of the accident in Greece

Route of exposure Adults Children age 10
Inhalation 4.6 6.8
External exposure 24.6 24.6
Drinking water 1.0 1.0
Food ingestion

I-131 5.0 18.4
Cs-137/134 75.4 97.2
Total 111.0 148.0

It is needed a particular statistical analysis if these global dose estimates, in children and
adults have a true statistical effect or they acted as covariates, Kitsos (1998).
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4. Discussion

The Greek population was exposure the fallout from the Chernobyl’s nuclear
accident through inhalation of airborne material from material deposited on the ground
and therefore ingestion of contaminated foodstuffs.

Most of the studies carried out in Greece on humans were based either on
epidemiological studies on different measurements. A typical example is the
measurements the Cs-137 in various tissues of persons who died in accidents, in Northern
Greece, Thessaloniki, Metropolitan area, 8 to 10 months after the Chernobyl accident,
Papastefanou et. al. (1999). They estimated a total value about 1.06 mSV (106 mrem),
which is roughly equal to the typical annual absorbed dose from natural resources.
Moreover the presented values adjust (by half?) previous estimation of theirs.

That is there is not often a solid framework and a method to provide accurate estimates.
The influence of the pollution to high-risk groups has certainly worked out as a covariate,
Kitsos (1998). To my knowledge there are such studies, which is to examine if the effect
even of low-level radiation has acting as a low dose. A theoretical approach to the low
dose extrapolation problem has been discussed by Kitsos (1999). It has not been
concluded a clear statistical significant effect due to the accident, in most of the Greek
studies, concerning Greece, appeared in Greece. But we notice that the studies were base
on descriptive Statistics and there was not a study on the influence of thunderlying
existing mechanism, for developing Ca, Moolgavkar and Luebeck (1992).

We are all referring to the negative points of the Chernobyl accident and we investigate
the pollution influence, offering our small contribution to science. But we should offer
our tribune to the workers of Chernobyl who despite the circumstances proved
themselves brave and faithful to their duty.
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Iepidnyn

O otdyog ¢ mapovcag epyociog eivor va mpoteivel éva cHomnuo agloddynong yio
Meréteg TepParroviikdv Emntdoewv (MIIE) pe mpodioypapn kot dnpovpyio £vog
alyoplOuov molotnToag. XNV apyn aSloAoyovvior ot Adyol mov KafieTovv avaykaieg
TETOOV €100VG HEAETEG KO TOpATNPEITAL OTL TP TO VIAPYOV VOUIKO TAQICLO GTNV
EAAGoa, apretég MITE kpivovtor avemapkeic. 1n cuvéyeia mpocsdiopilovtal Katnyopieg
TOLOTIKMV KOl TOGOTIK®V KPLTnpiwv pe BAon ta omoio GUVTAGGETOL £VOG YEVIKOG TOTOG
BaBpovounong pe ypnom OLVIEAEGTAOV PapLuTnTag Yl TNV ekdotote kotnyopio. H
EMAOYN TOV Kpunpiov aAld kot 1 fabpovouncn tovg yiveton pe Bdon m omovdardtnto
OV £YOVV KOl TEKUNPLOVOVTOL LE CNUEPIVES KOWVA amodeKTEG PipAtoypapikég mnyés. Ta
va owmotwbel 1 opbn  epoppoyn ToL cvoTiuatog Pabpovounong, yivetor o
eumeplototopévn agloadynon wog Ipoperétng IlepiPoarroviikwv Emmtdoewv mwov
aeopd &va. €pyo avTOWPPOTIKNAG mpootaciog oty mepoyn ™ Mebovneg. An' to
OTOTEAEGLLOTO, TTOV TTPOKVTTOVV, JLOTICTOVOVTOL Ol eAAelyelg g perétng kou n IIE
Kpivetonl TEMKG pE €QPOPUOYN TOL aAyOplOpov. Xvumepaivetar OTL €vo. AETTOUEPES
ocvotnua Pabpovounong amokaAVTTEL OAEC TIC eAAElyelg kol To AGON pog Melétng
Extiunong Ilepiparrovtikov Emmtdocewv. Térhog efetdleton mdg m TPoTEWVOUEVN
pébodog allohdynong pmopel peAlovtikd va. BeATimOel.

AéEaig Khewond- Q51: (Merét Iepiforroviikov Emmtdoswv) MITE;(ITepifailovtikég
Meréteg) [IM; adyopiBuog; TTowotikd Kprrpia A&oddynonc- Babpovounonc.

Abstract

The aim is to propose a system of evaluation for Environmental Impact Assessments
(EIA) in order to configure and create a quality algorithm. In the beginning we evaluate
the reasons which necessitate such studies and its structure. Then we specify categories
with qualitative and quantitative criteria, on which are based on a generic calibration
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method (algorithm), using weighting coefficients for each category. The selection
criteria and the calibration are based on the importance they have and are supported by
current commonly accepted bibliographic sources. Moreover, a proper application of the
system calibration has been tested by a thorough evaluation of a Preliminary Design of
Environmental Impact Assessments (PDIA), concerning an anti-corrosion protection
project on the area of Methoni. From the results obtained, it revealed some shortcomings
of the study and the PDIA is finally being implemented by the algorithm. It can be
concluded, that a detailed system calibration reveals all the errors and omissions of an
EIA. Finally, we consider how the proposed method of evaluation in future can be
improved.

Keywords-Q51: (Environmental Impact Assessments) EIA; (Environmental Studies) ES;
algorithm; qualitative criteria of evaluation-calibration.

1. Evocayoy

H exnmovnon Merémc Ilepiparroviikov Emmtocewv (MIIE) ko  avrtictoro
[Tpoperétng [epiParroviikov Emntooewv (ITIE) yio éva texvikd €pyo, £xet dadobel mapa
oAV ta TeEdevtaio 30 ypoVIa GE APKETEG YDPEG TOV KOGUOL Kot EYEL YIVEL £val AVOTOCTOGTO
KOUUATL TOV OIKOSOUIK®OV KOVOVICU®DV TOLG OV GPOPOLV TO TEPLPAALOV. ZVYKEKPIUEVA, Ol
[ITE, MIIE exmovovvtol o mepiocdtepec amd 100 ymdpeg Tov KOcUoL [1]. XTovg 01kodopkoHs
KOVOVIGHOVG KAOE ydpag avapépovial cuviBmg 0l TPOdLUYPAPES TTOL TPEMEL VO, TNPOVVTOL Yol
o MIIE  mpokewévov avty va Oesopeiton  emopkng. Qotdéco, eivar  ovvnbeg va
ypnowomolovvtal ywoo v oa&loadynon wpog MIIE kdmoleg eumelpikéG TPOKTIKES, TOV
Bacilovtal Kupimg o€ TOOTIKA KpLThplaL, OTT®G eivat ) xpnon aSdmoTemV HoVTEA®Y TPOPAEYNG
[2] ko n VapEn evtog TG HEAETNG OPKETOV EVOAAOKTIKGV Tpotdoemv [3].

H yprion mootikdv cvviehestodv yia v a&ordynon g [ITE 1 MIIE, wépav g
VIAPYOLGOS  OVTIOTOYNG  KLPepyNnTIKNG vopobesiag, yiveTow EMTOKTIKY OVAYK) OTnV
nepintwon g EALGdac. H EAAGSa ftav éva and ta televtaio kpdtn — péAN g Evpomaikng
"Evoong, mov v1004tnoov 6Toug 01kodopKovg KOVOVIGHOUS TOVG THY VIOXPEMTIKY EKTOVNON
[ITE xou MIIE yio ké0e te)viKd €pyov pecaiov kot peydiov PeAnvekove. To vouikd miaicto
omv EALGSa cuvtdybnke to 1986 [4], kou T0 Keipevo katnyoplomolel ta TeXVIKA £pya o€
OoXE0MN ME TN OTOLONOTNTA TOLG Kot Opilel TOV OVTIGTOLO TUTO TNG HEAETNG OAAL Kol TO
Kprtpila wov mpénel va tnpel avtn. To 2002, vapée [o TPOTOTOINGT TOV KOVOVIGUMY OUTMV
ue Bdon ta avticToryo EVPOTATKA TPOTLTO. AVGTLYMG, LEYPL VAL VITAPEEL QLT 1| TPOTOTOINoN
OTOVG KOVOVIGHOUS, OTOL OPKETEC OTAEEIS £YVOV GOQECTEPES KOL Ol TPOSIOYPOPES
avotnpoTtEPES, elyav mponyndel mhpa TOAAG TeEXVIKG Epya peydAng epPérelag ota omoin elye
ocvvtayOei MIIE pe Bdon tovg kavoviopuote tov 1986.

O oxomdg g mapovoas epyaciog ival va Hopeadcel Eva cvotnua a&tordynong I1TTE
YPNOOTOIOVTAS KOTA Pdormn moloTikovg ovvtereotéc Pabuovounonc. H emioyn tov
ouvteleoT®V Papvntag £yve pe Pdomn to 6ca avagépoviar otn oedvn PifAoypaeio kot
onovdaotta kéOe wotnyopiag [S], [6], [7], aArhd wvpiwg axolovbdvVTaG pE KATOES
TPOTOTOMGELS TO HOVTEAD TV TOLOTIKAOV GUVTEAEGTMOV OV YPNCLOTOMONKE GTNV €pyacia
tov Avopovdakn kot Kapokdoon to 2006 [8]. H popewon tov cvotiuatog Babuovounong
TO Omol0 TPOTEIVETAL, EAEYYETAL HECH HOG TPOKTIKNG EPOPUOYNG, ONAMON TNV OVOALTIKY|
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afloroynon kot Paduordynon o vrdpyovoag IITE mov cvvidybnke oto ENVECON 2014

dtdotnua 1986-2003, dtav kol ot eAAnvikol Kavovicpoi dev akoAovBovcav to VPOTOIKA
TPAOTLTIO.
2. MeOoroyia

To ovommuo Pabuovounong kabe ITIIE 11 MIIE Poacileton o 8 watnyopieg
kpunpiov a&odoynons. H telikn PBabuoioyia Ba mpokdmtel o¢ €va m0c0oTO €Ml TIG
exatd. Avaroya pe v teMkn otabuopuévn Babuoroyia n IIE Ba kotatdooetol o€ o
amo TG akoOAovOeg 4 Katnyopiec:
1) EAmig (0-50%)
2) Otayn (51-65%)
3) Métpra (65-80%)
4) Enopxng (81%-100%)
H nmopandve katdtaln Paciotnke otnv K®OKOTOINGT TOL TPOTEVE GTIV EPYNGIN TOL O
Glasson et al, 1999 [3].
Ynrdpyovv 8 €d0kéc Katnyopieg OTIG OMOIES OVTIOTOLYOVV SLAPOPOL TOPAYOVTES CTNV
kaBepnd. Ze kabepd €101kn Katnyopio d00nke Evag cuvteleotng Paputntag, pe faon Kot
owapopeg Piproypapikég avapopés, ([8], [9], [10]) o xvpiog TG epyacieg TV
Avdpovldakn kot Kapaxdoon (2006), Hodson et al (2001), Glasson et al (1999).
Yuykekpuéva, OempnOnke ot o1 Katnyopieg kpumpiov pe avénuévn Bapvtta givar:

A) 0 TPOGOIOPIGUOC TV EMPPO®V Kot TPOPAeyn (20%) ,

B) E&ovdetépmon Apvntikdv Xvveneumv (15%),

I') EvaAlaxtikég emhoyég (15%).
[N 11g vrdroITES KT yopies kpunpiwyv, BewpnOnkay péong onuociog ot akoAovOes:

A) Teprypoon mepiarrovtoc (14%),

B) Ieprypaen tov épyov (14%).
Téhog, eldiooovog onpaciog Bewpnoniay ot akdAovdeg Katnyopies kprtnpilwv:

A) Epevva piokov (8%),

B) Biphoypagia (7%),

I') Avagopd otn dnuocia coppetoyn (7%).
Avoivtikd to cvotnua Babpovounong eaiveror otov Iivoka 1.
Aopavovtog vToYT TOLG TOPATAVEO GUVTEAEGTEG TPOKVATEL O AKOAOVOOG TEAKOG TOTOG
Boabpordynong:
Grade =2,3%* (A + A, + A, + A, + A, + Ag) +

3,5%*(B,+B,+B,+B,)+

3.3% %+, + I+, + T +1) +

0,5%*(A, +A, +A;)+0,5%*(E, +E, +E;)

2,67%*(ZT, + 2T, +ZT,)

3,5%*(Z,+Z,)+3,5%*(H, +H,)
O katdloyog TV Kpunpiov yopiletor og okt® TURpHoTe. H Tpdn evoétnta mpaypotevetol v
KATAGTOON TOL TMEPPAAAOVTOS Omov TO €pyo mpokeltan vo avamtuydel. Idwitepn avoeopd

yivetar 6to QLGIKO TEPPAALOV Omov Kot EETALOVTOL OTOUKEID OYETIKA HE TO KALOTIKG,
BrokApoTiKd, LopeoAoYIKA, YEMAOYIKA, TEKTOVIKA XOPUKTNPLOTIKA TG Teployns. Eva Paoctkd

1)
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otoyyeio yw TV OoAOKANpopévn oafoAdynon eivor M ocoumepinym  evog

YEOAOYUKOV YAPTN TNG TEPLOYNG TOL £PYOL 6€ KUTAAANAN KAlpaka [9]. Ta yopoaktnplotikd g
Tavidag kot TG YAmpidag e meployng tov £pyov e€etalovton emiong ko diveTol 1dtaitepn
TPOCOYN O MEPIMTAOCELS VIOPENG otV TTEPloyn omellovpevav Wdmv. Emmiéov, kotd v
TEPLYPOPT] TOV  KOWMOVIKOOIKOVOUIKADV  YOPOKTNPIOTIKOV Tov  mepPdAlovtog, yivetal
mpoondOeld va cuykplBohv To OKOVOMIKA OQEA OV TPOKVTTOLV OmO TO £PY0 HE TIC
APVNTIKEG UTOPEL VO £YEL OTO KOWVMOVIKO Kol QUGIKO TTEPIBAALOV GTN PACT] TNG KOTAGKELTG KOl
Aertovpyiag Tov. [3] Ztnv mpdT Katnyopio Kputnpimv yivetol pior avaAVTIKY TEPLYPOON TNG
TPEYOVGOG KOTAGTOONS TG PUTOVONG KOOMDS Kot fo avoapopd oe dAAa Topdpota Epyo otV
TEPLOYY| TOL EPYOV.

To debvtepo TUNHO TEPIAAUPAVEL TN AETTOUEPT] TTEPLYPOPT] TOV KVKAOL {®NG TOL £pyov,
N omoio AmOTEAEITAL AT TAL GTAOLOL TOL GYEOLOGLOV TOV £PYOV, TV KATOGKELTY, TN AElTOLpYia,
TOV TOPOTAIoUO Kol TNV  oamokoatdotaon. Emmiéov, divovion emyeipnuato yoo v
aVaYKoOTNTO. TOL £PYOVL HEGOH GTO KOWWVIKO TEPIBailov Omov mpdkeltan vo evtayfel Ko
TPOTEIVOVTOL OTAVTINGELS Y10l TIG AVTIPPNGELS TOL UTOPEL VO TPOKVLYOLV.

H tpitm evémta agopd 10 mpocdlopioud kot TV TPOPAEYN TOV EMMTOGE®V TOV
épyov. Ot EMIATOCELS KOTIYOPLOTOOVVTOL O OETIKES - apVNTIKES , AUEGES 1) OEVTEPEVOVGEG
Kol avaAoyo pe T onuacic tovg. H extipnon tov emmt®osmv cOHQOVO HE  TIC
npoavapepeioeg Katnyopie amattel Oyt LOVO TOGOTIKO, OALL KVPI®G TOLOTIKO TPOGIIOPIGHO.
Avtd 10 6T6010 TG aEoAdynong eivar o KOplog dfovag g asordoynong g IIE. O
TOGOTIKOG KOl TTOL0TIKOG TTPOGOLOPIGHOG TV TUYOV TEPIPUALOVTIKAOV 0ALAYDV TTOL GLpPaivovy
AOY® TNG VAOTOINGNG TOL GLYKEKPIUEVOL £PYOV €lvar 0 KVPLOg pOAOG TG a&loAdynong Kot Oa
pENEL va Tpaypatomotnfet mbavov pe tn gpion TV KatdAAnAov poviédov. [3]

To 6TA010 AVTIHETOTIONG TOV APVNTIKOV EMNTOCEDV LEAETATOL GTNV TETAPTN EVOTNTA,
TOPOAANAC HE TNV KOTOAANAOTNTO TOV TPOTEWVOUEVOV HETPOV KOl OMOTEAEL £vo amd To
BepeMmon TpuqpaTo TG Sadikaciog. 1o Kprtiplo avtd e€etdletal Katd mTOcoV 0 avAad0y0g
™G HEAETNG €XEL TOL KOTAAANAO ETIOTNUOVIKA TPOoOVTa Kot T 0EANoN yia vo ealelyel OAeg
TIG OLOUEVEIS EMMTMOCEIS TOL TMPOKOAOVVTOL Omd £vo €pyo 1N oL OpaoTNPOTNTO OTO
neppairov. H mapaxorovbnon dSwdpapotilel onuoviikd poAo oty emitevén avtod Tov
OTOYOV. KOOGS TNG EMTINPNONG EIVOL VO, GUYKEVIPADGEL OAEG TIC CYETIKES TANPOPOPIES YO TO
YOPOKTNPIOTIKG KOl TN YOPIKN Kot ¥povikn €EEMEN TV oAAay®dv Kot Kuplog, yioo TV
TPOPAEYN TNG EUEAVIONS Kot TOV HEYEBOVS TOV EMTTOGE®V . AVt TO 6TAd10 68 TOAAEG TTTTE,
e1dwotepa otnv EALGSa, cuyva mapadeinetor.

O MIIE «ou TITIE Ba mpémel vo mepthopfavouv v Topovsioon TV EVOAUKTIKOV
oevopiov Tov e€eTAoTNKAY OO TN LEAETN avadOYXOoV, KaBmG Kot TNV aSloAdYNoY| TOVS KoL TV
altoAdynon g TeEMkNG emaoyns. H emhoyn g «un evépyewagy pmopel va givor puo
EVOALOKTIKY] ADOT KOl ®¢ €K TOVTOL amorteitor ovlftnon yw TNV ovoykoldtnto ToL
TPOTEWVOUEVOL TOV £pyov 1 TG Opactnprotntas. H ektipmon kivdvvov (risk assessment) Kot 1
avaQOpPA OTIS OVOUEVOUEVEG TOOVOTNTEG AOTOYIOG TOPOLGLALOVTOL OTNV &KTN EVOTNTA
kpurnpiov. O avddoyog g neAémc, Aapupdvovtog vtoyn dAovg Tovg mhovovg Kivovvous, Ha
TPEMEL VO, TPOPAEYEL Kol VO EAAYLGTOTOMGEL TV THOVOTNTA TNG ATOTUYI0G e TV LIBETN oM
pag oelpdc mpdcobetwv péETpmv. OAOL 01 GUVTEAECTEC TOV £PYOL TTPEMEL VOL AAUPAVOVTOL LTTOYV
oe avtd 10 otddo. Ta amoteAéopOTO TOL ACUPAVOVTOL GYETIKA LE TNV OVAYKOIOTITO TOL
épyov e€dyovioar pe PBaomn T oy€on KOOTOLG —O0PEAOVG, KABMG TNV 1KOVOTOinon TV
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KOWOVIKOV avoyk®v. Emmiéov, tuyxov mpofAquoata 1 afefatdotnteg mov Exovv EHVEGON “as
TPOKVYEL KATA TNV €KTOVNOT TG HEAETNG Ba Tpémel vo avapepBovv og avTd TO TUNUO TNG
[II1E, poli pe Tig TapadoyEs Tov £Yvay TPOKEWEVOL Vo, EETEPAGTOVV.
IMivekag 1: Katnyopieg kpumnpiov Babpovounong IIE
EZETAZOMENA KPITHPIA

A) Heprypoagn Heprfariovros (14%)
Al. [Teprypapn euowov mepiBdiiovtog  (1/6%14%)
A2. [Teprypapn kKowwvikod epifarrovtog (1/6%14%)
A3. [Teprypapn Tov TpeYOVI®V emmédmv porvvong (1/6%14%)
A4. Avagopd og vdpyovta mapdpowa Epya oty meproyn (1/6*14%)
AS. Avvapukn tov Tepifailovog o€ tepintmon arovciog Tov pyov (1/6%14%)
A6. Xhopido/Tlavida (avapopd oe Tapdpota cvotipata) (1/6*14%)

B) Heprypapn tov épyov (14%)
B1. ITeprypagn| Tov TpotevopevoL Epyou kat g edong Katackevng (1/4%14%)
B2. ITeprypagn| g pdong Aettovpyiog tov Epyov (1/4*14%)
B3. Avdivor tov cuvolikod khkiov (ong Tov épyov (1/4*14%)
B4. Awtioddynon g avaykouotntog Tov pyou (1/4*14%)

I') Ilpocdiopiouds twv emppoay kai xpofieyn (20%)
I'1. TIpocdiopiopdg emppodv (katdioyot, mivakes, GIS, ki) (1/6%20%)
I"2. Extipnon Betikdv kot opvntikadv exppodv (1/6%20%)

I'3. Extipnon éupecov kot devtepevoviwv enppomv (1/6%20%)
I'4. Extipnon Pactkdv kot Aydtepo onuavtik®v emppodv (1/6%20%)
I'5.Xpnon tov katdAiniov povtédov tpdPreyns (1/6%20%)
I'6. Zagnvewn xon akpipeta g TpdPreyng (1/6*20%)
A) Eéovdetépwon apvytikdy coveretov (15%)
Al. IIpotdoelg pétpav yia e&ovdetépmon apvnTikdv cvvernewdv (1/3*15%)

A2. Zapnvela tov pEtpav (1/3*15%)
A3. MéBodot ehéyyov kar mpotaoels (1/3*15%)
E) Evaiiaxtikég emioyés (15%)

El. Avagopd ce evarloxktucég (1/3*15%)
E2. Avagopd og drodikacieg yio Tnv emhoyn petald tv evoAAakTikodY (1/3%15%)
E3. Z0ykpion pe v emroyn «un evépyeac» (1/3*%15%)

2T) Epevva pickov (8%)
2T1.’Epevva piokov kot avapopd oe mbavotreg anotuyiog (1/3%8%)
XT2. Aviloon KOGTOVG-0QPELOVS KOl TEYVIKES OUKOVOUIKNG amotipnong (1/3*8%)
2T3. Avayvdpion kot ektipnon tov nyav afeBotdtrag (1/3*8%)

Z. Biplioypagia (7%)
Z1. Avagopd og vopoBetikég PrpAtoypapucég mnyés (1/2*7%)
Z2. Aourn Biphoypaopio (1/2%7/%)
H. Avagopa oty onuoocia couucstoy (7/%)

HI1. 2vveispopd Kowvov oty avantuén piog perémc neptforloviikady emmntdoemv (¥2*7/%)
H2. Zapnvetla nepieyopévou peléng oto un edwod (¥2*7/%)
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EmumAéov, mpémer vo devkpviotel katd mOGov To OedOpEVO. OV

YPNOYOTOIOVVTOL KOTA TN OGPKEWD TNG UEAETNG TPOEKLYOV amd €ML TOTOV UETPNOELS TOV
avadoyov g peAETng N Ppébnkav pécwm dAlmv mydv Otav to dedopéva and GAAeG TN YEC
YPNOYOTO0VVTaL, KAOE TNyN Tpémel va TpocdiopileTol capmg dnwe amarteiton amd to Nopo
nePl TPOOTAGIOG TOV SIKOUMUATMV TVELUATIKNG 1010KTNGI0G

H 6ydon evomta meprapfavel OAEC TIG avaQOpPES Yo T CLUUETOYN TOV KOOV GTO
oXEOLAOUO TOV £PYOV KO G EK TOVTOV, TN GLUPOAN TOV GTNV EKTIUNGT TOV EMTTOCEDV GTO
neplPdAiov. H cuppetoyr tov kowvoo amorteitan Kotd tn StipKeLd TG EKTOVNOoNG TV £V AGY®
HEAETOV, a(OD Ol KATOWKOL TNG TEPOYNG TOL €PYov &lvar e€Keivol ol omoiol cuveymg
emnpealovtol TOG0 KaTd TNV KOTAoKELT] OG0 Kol Kotd TN Agttovpyia Tov £pyov. ¢ €k TOVTOVL,
etvar onuavtikd n MITE kou n IIIE va eitvon ypoppéveg pe t€1oto tpdmo dote Evag Un E101KOG
va pumopel va d1AGEL Kol VoL KOTOVONGEL TN GNUOGI0 TMV GTOXEIMV OV TEPAAUPAVETOL GE
OVTEG.

3. Egappoyn

[a va dwmotmbel mpoxtikd t0 TOGO €OYPNoTO E€ivol TO TOPATAV® GOGTNHO
BaBpovounong wa IIIE, éywve epapuoyn tov o o vapyovoo IITE wov apopd éva épyo
AVTOLOPPOTIKNG TPOOTUGIOG GE o TapaAlakn eptoy otn MebBmvr. H cvykekpiuévn pehét
amookomel otV opBoloyik] dwayeipion g mopdaktiag {ovng g Mebovng xor v
TOVTOYPOVN TPOCTOGIO TNG OO TNV KLUOTIKY dpdon dote va, emtevyel n meptPailoviikng
avantuén g mepoyng [10]. T to oxomd avtd cuvtdydnke N cvyKekplévn peAétn 1 omoia
TapoLCIaleEl TG TEPPOALOVTIKEG EMMTOGCELS OTNV MEPOY e&aTiog T®V EPYOCSIDV OV
aPOPOVV TO. AVTIOPPOTIKA EPYQL. VVIAGGETOL GTO, TAOIGL0. VAOTOINGONG T®V EVEPYELOY TOV A’
otodiov TG TPOypaUpaTIKAG cOuPacnc, M omoio vmoypdonke petald g Iepupépelog
[Tehomovvnoov, ™G Nopopylokng Avtodioiknong Meconviog tov Anpov MebBdvng, tov
Anpov Auteiog kot g Avantvélokng Mesonviog.

To €pyo KATOTAGGETOL GTNV TPAOTN VITOKOATIYOPIO THG TPMTNG KOTNYoPioG TV opddo
3" «Apevikd ‘Epyox» moapdypogog 10 [4]: «Epya mpoctociog kot SLoUdpe®oNg aKTdV», TOL
[Mapapmpatog 1 g KYA 15393/2332/5-8-2002 (PEK 1022/B/5-8-2002), kafdS T0 GLVOAKO
ukog mopépuPaong eivar mepimov 2km. H gupvtepn meproyr] tov épyov €xetl eviaybel otov
KOTAAOYO TOV TPOCTATELUEVOV TEPLOY®V Tov Owktoov Natura 2000, pe 10V KOOIKO
GR2550007 (®aidooio Ilepoyn Xtevod Mebodvng) wor pe kwdwd GR2550003 (Nnoot
Yoamévtlo kol Xxilo, Axpotmplo Akpitag). Ewdwotepo m gupvtepn Bordcoio meployn
Bpioketon evtdg tv opiov g «Baidooiag meployng Xtevov MebBmdvney» Kot 1 TopdKTio
(xepoain) meployn Ppioketon evtdg TV oplwv g meployns «Nnoot Zamévilo kot Zyilo,
Axpotipro Akpitacy. EmmAéov, o owiopog e MebBovng kot n teployn tov Kdotpov, £xovv
YOPOKTNPLOTEL G TOTIO 1OLAHTEPOV PLGIKOD KAAAOVG AGY® TOV JATNPNTE®V - TAPUOOGIOKADV
KTIGHATOV TTOL GLUVAVTOVTOL 6T Mebdvn Kot NG apyaloAoYIKNG TEPLOYNS TOV KAGTPOL
(Kodwog ATI1011083). To mepieyduevo G  peAéng  eivor  oOpueomvo  pe TNV
KYA69269/5387/20-10-90 (®EK 678/B/90): «Katdtaén £pymv kol OpactnplotiTeov o€
Kkatnyopiec, mepieyopevo Merétng [epiParroviikodv Emmntooewv (MIIE) ko Aownég cuvageig
dwtdelg ocvppava pe o N.1650/1986», 0nwg avtr| woydet onuepa, pe to N. 3010/2002 (PEK
91/A/2002), v KYA 15393/2332/2002 (®EK 1022/B/2002) wor v KYA H.IL
11011/703/®104/2003 (®EK 332/B/2003). ‘Eyive avdAvon g ETAPKELNG TS GUYKEKPLUEVNG
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HEAETNG MG TPOG TO. TOLOTIKG KPUTNPLOL. OV TpoavapépOnkav Kot o ke

Kprtplo 060nke Pabudc. 1o téhog mpoékuye abpototikd 1 tedkn PBabporoyia g IIIE. Ta

amoteléopata kot o1 fadpol yuo kabe kpitipro aivovion otov [Tivaka 2.
MINAKAX 2: AnoteAéopota a&lohdynong IIIE avd mototikd kprrmpio.

Ly E “:'- ¢

ENVECON 2014

YUVTELEGTIG
KPITHPIO Bapitntog Endpkela | Tvveicpopd
A Al 2,30% 100,00% 2,30%
A2 2,30% 85,00% 1,96%
A3 2,30% 85,00% 1,96%
A4 2,30% 0,00% 0,00%
A5 2,30% 0,00% 0,00%
A6 2,30% 75,00% 1,73%
B Bl 3,50% 100,00% 3,50%
B2 3,50% 100,00% 3,50%
B3 3,50% 0,00% 0,00%
B4 3,50% 90,00% 3,15%
r I'l 3,30% 100,00% 3,30%
2 3,30% 100,00% 3,30%
I3 3,30% 100,00% 3,30%
I'4 3,30% 100,00% 3,30%
I'5 3,30% 75,00% 2,48%
I 3,30% 100,00% 3,30%
A Al 0,50% 100,00% 0,50%
A2 0,50% 90,00% 0,45%
A3 0,50% 0,00% 0,00%
E El 0,50% 100,00% 0,50%
E2 0,50% 100,00% 0,50%
E3 0,50% 100,00% 0,50%
T >T1 2,67% 0,00% 0,00%
>T2 2,67% 30,00% 0,80%
XT3 2,67% 100,00% 2,67%
Z Z1 3,50% 100,00% 3,50%
72 3,50% 100,00% 3,50%
H HI 3,50% 0,00% 0,00%
H2 3,50% 100,00% 3,50%

Ymv vokatnyopia A6 (meptypapn yAwpidog kot mavidag) n IITE dev kdver po Tomikn
GUYKPLOT] TOV OIKOGUGTNLOTOG TNG TEPLOYNG UE OvTioTOlYo OlKosvoTHHaTo oty EAAGSa. Xt
vrokatnyopion A2 (avdivon TpexOvViov emméd®mv HOAVVONG), OE KAMOEG TEPITTAOGELS OEV
EYouv YiVEL TOCOTIKEG UETPNOELS TOV EMTEOMV PUTOVONG Kol EKEL O EKTOVINTIAG TNG HEAETNG
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YPNOOTOLEL HUOVO TNV VLIOKEWEVIKY] TOL Kpion. Xtnv vrmokatnyopio A2 ENVECON 2014

(meprypagn| Kowvovikov tepiaiiovtog) n IIIE dev divel pa oavilvon tov xpnoemv yng oute
KoL KOTTO0, EKTIUNOTN Y10 TN UEAAOVTIKY] SLOHOPPMOT] TOV KOWWOVIK®OV YOPOUKTNPIOTIKOV TNG
TEPLOYNG. XTnV vokatnyopia A4 dev vrdpyel oe oAokAnpn v IIIE ovte pio avagopd yio
TOPOUOD. £PYO. OTNV TEPLOYN. ZTNV vIOKaTNyopion AS dev avoAVeETOL KOV 1 SUVOLIKT TOL
nepPAALOVTOG OE TEPIMTMOOT QITOVGig TOL £PYOu.

Y10 kprpro B3 €xel mapainebel €& ohokAnpov n avdivon tov KOKAov (®Ng TOL
épyov. 10 kprrnpro B4 (artiohdynomn avaykodtntag Tov £pyov) 1 Lovn Topdienyn gival n un
avaQOPA GTO ETLYEPNUOTO VIEP TOV £PYOV, 1 ACQAAEIL TOV OTITIOV TNV TapdKTio. {OVN
KkaBmg Kot 1 acOnTikn Peitioon g Tapoiiog.

[Mopatnprnkav cvykekpyéveg eAleiyelg oe opiopéva kprmmplo. a&loAdynong oty
[IITE tov te)vKoD £pyov yio TNV avTOPBpoTikny tpoctacio g tapaiiog g Mebovne. 1o
kpurnplo I'S (ypnon poviédmv mpdPreync) to pelovEKTNUA glval OTL OeV TOPATEONKE Kol TO
HOVTELD TTPOPAEYNC TOL YPNGUYLOTOLOVY Ol GVYKOIVMVIOAGYOL Yo vo. EKTUN0el 1 avénon tov
KUKAOQOPLOIKOD (OPTOL NG TEPOYNG. 210 A2 (Capnveld T®V HETP®V) OTO KOUMATL OTTOv
TEPLYPAPOVTOL TO LETPA VIO TN UEIWGT TNG NYOPPVTOVONG, OVAPEPOVTAL LOVO Ol VITAPYOVOES
vopoBeTikég dratdéelg ywpig Kamola mepetaipm eneénynon mov Ba ékove To Keipevo €OANTTO
KOl O OTOMO 7OV OevV &ivon €0IKELUEVO, OE OIKOVIKY) OpoAoyio. Xto Kplutnplo A3 dev
avagépetal movdeva Kdmola pHEB0d0C EAEYYOL TOL EMTEIOL TOV POTTAOV, EWOIKA KATA TN QAo
Aettovpyiog TG KATAGKELNC.

Oocov apopd 10 kprplo XT1 (épevva piokov) n IIE dev kdver kopion amoAdTog
avapopd otig mBavoTNTEG OMOTLYING TOV £€pYov OVTE YiveTal KAMOW avAALOT KOGTOLG —
OQEAOVG 1 avaeopd oe TeXVIKEG amotiunong. Télog, oto kpuripo HI1, dev vmdpyovv
TPOTAGELS Yl TO TAOG B PITOPOVGE VO GUVEIGPEPEL TO KOWVO TNG TEPLOYNG TOV £PYOV GTNV
avantoén g [IE. Zvvolkd, av aBpoictovv ot Babuol kabe kprmpiov, mpokHmTEL TEMKOG
Babuog icog pe 65%. Xvvenwg, n IIIE pmopel va kotataybei oty kotnyopio g Metping
Enmaprotc peréng

4. Xopmepaopato

H dexaetion 1993-2003 frav po yproun mepiodog yio v mpocappoyn g EALGS0G
otg evponaikés mpaktikég tov IIE ot MIIE. Qotdéco, éva peydlo mocootd TV
eetao0EvTomV peAeTdV £xovv amothyel va  avtipetonicovy ta Kpiowa {ntiuata g TIE,
TP TO YEYOVOS OTL OAEC TOVG 10V 0KOAOVONGEL TO VOLIKO TAOIGLO Yol TN SO TOV POKEAOV
KO 01 OPHLOSIEG aPYEG TEMKA TIG EVEKPLVE.

H exnévnmon peretdv extipnong tov mepPorloviik@dv emmtOcemy, kabdg Kot TV
£YKplon Toug amd TS approdies apyéc eivan dvo mepimlokeg dwadwociec. H avembpkeia 6Gov
aQOPA JETMIOTNUOVIKO YOPOKTIPO TOV OUAO®MV HEAETNG KoL TV 0pYdv &ivar éva omd to
OepeMmon TpofAnpato oTig SLdIKAGIEG EKTIUNONG TOV TEPIPAALOVTIKOV EMNTTOCEOV. AT TN
pio TAevpd, ot opdoeg HeAETnG 1/ Kot ot eToupeieg GLUPOVLA®V EMYEPNGE®Y aVOAAUPAVOLY
KkéOe katnyopio Epyov kol OAa Ta 10N TOV HEAET®V, YWPig va eivan og BEon va vrootnpiEovv
™V €pevva Y10, GAOVE TOLG KAGOOVS TOL ATaToVLVTOL. £2C €K TOVTOV, QLTEG Ol OLLADES OEV EYOVV
TO KOTAAANAO eMoTNHOVIKO LTOPaOPO Yio TNV AVTIHETOTION OA®V TV OepdT®V TOV APOPOVLV
T0 TEPPAAAOV KOL TO TEYVIKG YOPAKTNPIOTIKA TOL KdOe Epyov. 'Evag evoektikog KotdAoyog
TOV  EUTEPOYVOUOVOV OV  OTOUTOVVIOL Yl0L VO, GUUUETAGYOLV OTNV EKTIUNGN TOV
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TEPLPOALOVTIKOV EMATOGE®V TEPIAAUPAVEL OAOVG TOVG UNYOVIKOLS (TOALTIKOVC,

ANUKOVGS, TEPIPAAALOVTOAGYOVGS, KAT.), BLOAOYOVS, YMUIKOVG, PLUGIKOVG, EMIGTNHOVES YEWPYING,
KOW®VIOAOYOLS, YeEWAOYOLS, KAT. To teyvikd £pyo 6Gov agopd to mepiPdAlov oyetileton pe
éva €uply TESI0 EMOTNUOVIKNAG YVOONG KOl EUTEPIOG, Kol HOVO £€va HEPOG OUTAOV TV
INMUATEOV PUTOPOHY VO, AVTILETOTLIGTOVY EMOPKMS, ATOKAEIGTIKA 0md Evav amd TOVG KAAOOVG
OV AVAPEPOVTOL.

To 010 1oyl Kot Yyl TIG apUOSIESG OPYES, OTOV, OTIG TEPICCOTEPES MEPUTTOGELS, ELvOL
OPKETA OVGKOAO Yl TO OBECIUO TTPOCOTIKO VO XEPLOTEL TO GVHVOAO T®V UEAETOV TOL
vroBdAiovtal pe aflomiotio. AAAN pio omd TIG WO OMNUOVTIKEG, dAAG KOl TEPITAOKES TTLYES
poG mEPIPOALOVTIKNG S10OIKACIOG EKTIUNONG EMMTOGE®V, EIVOL O TPOGIOPIGUAG TOV HETPMOV
eEAEYYOV Yo KAOE GTAS10 TOV KUKAOV {MNG TOV £pYOV. AVGTLYMG, TO LETPO. AVTE OEV OTOTEAOVV
KPLTNPLO Yo TNV £YKPIon TG TEPPAAAOVTIKNG LEAETNG ald TIG appOdLeg apyéc. Q¢ ek ToVTOL,
01 TEPLOGOTEPOL AVAOOYOL LEAETAOV, KLUPIWG AOY® TOV KOGTOVS TOV GLUVOEETAL LE TNV EKTEAEOT)
TOV UETPpOV eAEyyov, Oev Bewpovv TNV mopakorlovONoN ©C avOTOCTOCTO HEPOG NG
Jwdwaciog yoo v e&€taon G €EEMENG TOV EMMTOGE®V TOL EMEPEPE TO €PYO/
dpaoctnpldtnTa 610 TEPLPAALOV.

Kabe oyxédo, «débe mepoy eivoar povadikn mepimtoon kot Oo  mwpémer  vo
avtipetomiletor ®g tétown. OpIopEVES YEVIKEG OMOUTAOGEL, Ol Omoieg 1oyhovv Yoo TNV
mAeoynoio. evdg ocvykekpiuévov tomov €pyov, Ba umopovoav va Kabopilovtar amd
vopobesia. Ot amoutnoelg avtég Ba mpémel va avtipetonilovv to BEHOTO GYETIKO LE TO
nepPaALoV, TO £€pyo, TIG EMIMTMOCES KOl TO HETPO. HETPlacHov. H mAnpng meprypaon ko
TPOodoPIopds vtV TV Oepdtov  Osopeitor  avektiuntn. Onog avagépbnke oTig
TPOTYOVLEVEG EVOTNTEG, TOAEG TTVYEC TTOPOAEiTOVTAL Yo dldpopa £pya., KATL TOL KOOIGTA TN
YPNON TNG KOWNG AOYIKNG KO TNG YPNONG TOLOTIKMV KPITNpiev amapoitnty .

H mieon ypdvov Moym tov damavmv Ae1Tovpyiag Kot To 0pEAN Tov Bo TPOKHYOUV PETA
TNV KOTOOKELT] KOl AELTOVPYIiR TOV £PYOV 00NYEL GE EMTAYVVOT TV SLUSIKAGIOV TOL POPOVV
™ owéoywyn ¢ peAés , kabdg kot v €ykpion] ™G To OKEMTIKO NG «TLOANG»
TUTOTOINGNG, ONAUSY OVETOPKNG EMEEEPYOTTIA TV ESOUEVMV, YPT|OT TEPLYPAPDV KOl XUPTMOV
oo AALEG LEAETES, LELDMVEL CNUOVTIKE TO ¥pdVOo oL amorteiton Yo v kotdption g IIIE. H
dubpketa yro v katdption pog IIE dev eivan 1010 yio OAa oL €pyoa , 0ALG pdAAov eEapTdTon
amo to €100¢ kot To PEyebog Tov £pyov, Ta TPoodvTa, TG OeEIOTNTEG Kot TNV TPOoTdOelo ToOv
avAd0Y oV UEAETNG YO TN GLAAOYN KOl TEPLYPOPT] OAWDV YOPOUKTNPICTIKOV TOV £PYOV KOl TOVL
nepPaArovtog Tov. EmmAéov, Ay tov peydlov aptfpod Tov HEAET®Y oL VITOPAAAOVTOL KoL
0 Kpd apfud Tov avabeopntdv yioo v e€€tacn Tovg, o xpdvog Tov datifeTon Yoo Tov
Eleyyo kaBe pedétng eivar eAdyioToc.

Q¢ ek TOVTOL, €lval AMOPOATNTN 1 TLTWOMOINUEVN YPNON LG EUTEPICTATMOUEVNG
pefdoov kprtnplev aEoAdYNoNs, OTMG TN TOV TPOTEIVETAL OO TNV TOPOVGO EPYOGia. XTO
0TA010 avtd umopel pe evkorMa vo ypnowworomet yia IIE, aALd vdpyel Kot 1 duvatdHTNTO
HE KATOEG TPOMOTOUGELS KOl OlOGOPNVICELS VO €QPAPUOCTEL 6TO0 UEALOV €va TaPOUOL0
ocvotua Pabuovounong kot yio opiotikég MIIE. H dadikacio avthy evd dnpovpyndnke yu
EKTIUNOT EMATOCEDV OO £pya 1 dPACTNPLOTNTES, WITOPEL VO EPOPLOGTEL KOl GT] GTPATNYIKY|
EKTIUNOT EMMTOGE®V OO GYEIL 1] TPOYPAULOTOL.
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A&womoinon Tov apy®@v g Bropunyavukic Oworoyiag Yo
TNV omoTipnon ™S TEPPariovTiKig ProcipdTnToS ENVEPNCEOV

Ayyehaxoyrov Kopvnvog & I'kaivrating N'eopyrog
Tunua Mnyovikaov Hopaywyns ko Aroiknong, Tlolvteyvikn Lyoln, Anuokpiteio
THovemortnuio Opdxng, Baoidioons Zopiog 12, 67100, Zavln
kangelak@pme.duth.gr geogai(@pme.duth.gr
Iepidnyn
O 06pog ¢ Pudoung avdmtvéng cvyvd ypnoipomoteiton amd v Prounyavio yuo vo
amoKpOYEL OPAGELS Ol 0Toies Ogv elvan 00Te Prdoipeg aAAd oVTE Kol avOTTLELOKES. XTO
mAoiclo avtd amonteiton 1 ovamTuEn evog eviaiov peBodoroykod TANIGIOV amoTipnoNg
™G PlocudTTog TOV POpMyovIKOV SpacTnploTHT®V. ZINV CLYKEKPUEVN €Pyacia,
avoAvOnKav Ko emA&yOnkay Ta otowyeia exeiva ota omoia pa Propnyovio Oo Tpémetl va
OTOYEVEL MOTE VO PEATIOCEL TNV TEPPOANOVTIKN TNG PUOCIHOTNTO KOl KOTE ETEKTOON
xpilovv amotiynong. To otoyeio avtd emALYONKOV COHEPOVE HE TIC OPYES TNG
Buopnyavikng Owoloyiag 1 omoia yopaktpiletor amd TOAAOVG CLYYPUQPEIS ®©G M
emomun ¢ Procdémrag. Ta yopaktnplotikd, ot opy€c Kol To epyoieion g
Blopunyavikr Owoloyiog mopovstdlovior avoAvTiKd, VTOSEIKVOOVTAG TV CNUAGI0 Kot
NV KovOTNTA TG Vo TPpowbel kot vo vTooTnpilel KAVOTOUEG KOl ONUOVPYIKEG OPAGELG
o6cov agopd v Piovowun avantuén. H evoopdtoon tov oapyodv oe €va mAaiclo
amotiunong dvvartor vo mpaypoatomombel emPpapedovrag ekelveg Tig Propmyoviec ot
omoieg pe TV Aeltovpyio TOVG, TIG OPAGELS TOVS KO TIG OTOPAGELS TOVS, LETOVGLOVOLV TIG
npotdocels ¢ Blounyavikng Owoloyiag. Xvykekpiuévol Tpdmol TpoTeivovTon yio v
EMITUYN EVOOUATMOOTN TOV apYdV VO avamtuydnke pia eikdévo evog 10eatod PLOGILOL
Brounyavikov cvotuatog Pdost tov omoiov pmopel vo cuykpidel n mepPaAiloviikn
BuwoodtTa TV vroloitmy Bropmyoaviov. H vioBétnon cuykekpyuévmv apymv ot omoieg
voPdAlovtal amd £€vo GUYKEKPEVO Kot dopnpévo miaicto (my. Bilopmypovikn
OwoAoyia), eVioyOEL TV TOLOTNTO TOV OTOTEAECUATOV GE GUYKPION HE TNV EMAOYN
OEIKTMV Kol aEOVMV amOTIUNONG YOPIG CUYKEKPIUEVT) GTPATNYIKY KOl GKOTO
AEEe1g Kheod: Bilopnyavia, teptfairoviikn alordynon, Pudoiun avantuén,
pebodoA0y1KO TAIG1LO.

Utilization of industrial economy principles for assessing the
environmental systainability of industries

Angelakoglou Komninos and Gaidajis Georgios
Department of Production Engineering and Management, School of Engineering,
Democritus University of Thrace, Vasilissis Sofias 12 Str., 67100, Xanthi.
kangelak@pme.duth.gr geogai(@pme.duth.gr

Abstract

The basic characteristics in which industries should focus on for improving their
environmental sustainability were analyzed and are presented in the specific study. The
characteristics were chosen according to the principles of Industrial Ecology. The
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integration of these principles into a sustainability assessment framework can be
achieved by rewarding those industries whose operation, actions and decisions follow the
proposed characteristics. Specific ways of integration are proposed whereas an ideal
sustainable industrial system was developed which can be used as a benchmark standard
of environmental sustainability for other industries. The adoption of certain principles
which are defined by a specific and structured framework enhances the quality of
assessment in contrast with selecting indicators and impact categories without specific
strategy and purpose.

Keywords: Industry, environmental assessment, sustainable development,
methodological framework.

1. Evoayoy

H vwobémon tov apyov mg Pwoidmroc omoutel omd t0v KAGOO NG
Bounyaviag v €QOPUOYT] CTPATNYIKOV Ol OTOIEg OmMOOEYOVIOL KOl KOTOVOOUV TNV
vevBuvotnta g Propnyoviog amévavtt oty Kowvwvio Kot to meEPPdAlov TOG0 GE
TomKd 000 ko o€ maykoouo eminedo (Labuschagne et al., 2005). H emitevén ¢
Buwowodmtoag Yoo g Propnyovioe  eumeplEYEl TNV TPOKANCT TOV VO TOPEYEL
OVTOY®OVIOTIKG omoTeAéopato Kot mTpoiovia oe Bpayvmpobespo ypdvo, eved TapdAinio
npoonafel vo TPOoTATEDGEL, Vo OATNPNGEL KOl VO EVICYVOEL TIG avOpOTOYEVEIS Kot
euoKég TNYEC pokportpoBeoua (Artiach et al., 2010).

H mepiforiovtikn Piooipdtra opileton o¢ «i katdoroon kotd v omoio (WTIKES
wepifalloviikés Aertovpyies droopaliCovtar o tig emoueves yeveés» (Hueting, 2010). H
TAELOYN (L0 TOV VPIGTAUEVOV PHeBOdOLOYIOV EMiTELENG Ko aoTipnong TG Poctudtrog
aopd oto TEPPAALOV, EVEO aVTHV TNV oTyUn To TEPPAALOV PpiokeTol oTNV TPOTN
ypopuun g Puwoyung avantuéng. H evoopdtmon OBespdtov mov oyetiCovion pe v
neptPailovtiky Ploctdtra oty avartuén TpoidvimVy Kot €V YEVEL OTIG ETLYELPTLOTIKEG
dPUCTNPLOTNTEG, TOPOVGLALEL CNUAVTIKA OPEAT OTT(G Elvar o) 1 wENUEVN OTOSOTIKOTI T
oV xpnon mopwv, P) ot avénuéveg TOANGCELS, Y) M €10000G oe VEEG ayopéc, O) M
Beltimon tng ekdvag TG emyeipnong, €) N SPOPOTOINCN TOL TPOIOVTOG GE GYECT LE
TOV avTay®OVIoUd, Kol 6T) To avtayovioTikd micovéktnuo (Dangelico and Pujari, 2010).
[Moaporo To epeovn TAEOVEKTALOTO TNG VIOOETNONG oG PUOCIUNG OTPATNYIKNG, POivETOL
TG o1 Prounyavieg dev £YOVV KOTOVONGEL OLGLOCTIKA TO HEPIOLO VOHVNG TOLG AALG KO
TIG ONUAVTIKEG gVKOUpieg Tov TpokvITovy. H mAgtoynpia Tov entyelprcewv tpoywpel o€
TePPOALOVTIKEG eMEVOVOELG EEANTIOG TOV OPVNTIKOV EMMTOCEDV TOAVAOV OIKOAOYIKDOV
ATUYMUATOV Kol Ot AOY® TNG OVaYVOPIoNG TOV TAEOVEKTNUATOV Kol TG ovénuévng
amod0TIKOTNTAG TOV amoppéet amd avtég (Sarmento et al., 2005).

O 6po¢ ¢ PLOCIUNG avATTLENG TOAAEG POPES XPNCLOTOIEITOL Y10 VO ATOKPVOYEL
dpdoelg or omoieg dev eivan ovte Prdoipes oAdd ovte kot avamtvélokég (Luke, 2005).
EmumAéov dev Ba mpémer va apekeiton 10 yeyovog twg «H fiwaiuotnta opopd v Ostikn
oAoyn Kor ox1 oA v eAayiotoroinon v apvytikwv emintwoewvy (Pope et al. 2004).
Olo 100 mopomdve o€ GLVOLACUO HE TNV OYETIKN OCAQPEWL TOV OPICUDV TNG
Buwowomtog, evioydovv v onuacia avamtuéng evog evioiov Kol OVTIKEYLEVIKOD
TAOGTIOV/01001KaG10g amoTiumong ¢ TePPAALOVTIKNG PLOCIUOTNTOS TV Blopnyovidy.
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2. Amotipnon s frocipétnTog

"Evag anhdg opiopdg g amotipnong tg Puociudtrog ivon «uio digpyooio. oo
kotev@over v Anyn omopaoewy wpog v Prwoiuotntay (Hacking and Guthrie, 2008). Ot
Devuyst et al. (2001) 6pioav v oamotipnon ¢ PLoctudTTog O¢ «Eva epyoteio mov
Ponbaer owtois mov lopfavovy amopdoels kai yopalovy TOMTIKES, VO OTOPATITOVY TOLES
evépyeles Ba mpémel va axolovBnoovy 1 uy, o€ uio. IPpoorwabeia. va. Kavovy TV Kolvvia.
mio Prooyuny. Onmg Tapatpeitol Kol amd TOVG GLYKEKPIUEVOL OPIGUOVE, 1] OTOTIUN oY
¢ Procipudmrag eEelMooetal ent 10 mAsioTov WG epyareio Ayemg amopacewv (Pope et
al. 2004).

H omotipnon ¢ Puoocomrtag sivor g 10100T€p®g TOAVTAOKY SlodIKaciol
eEautiog Tov HEYAAOL €VPOLG TV BEUATOV Kot TNG TOAVTAOKOTNTOS TMV GUOGTNUATOV LE
ta omoia Katamibvetat. Onwg toviCovv ko ot Gasparatos et. al. (2008), «n amotiunon g
Prociuotnrog ovoloufover Ty o0GKoAN JOVAELG. TOV VO, AVAKOADYEL, VO. UEAETHOEL Kal Vo,
TPOTEIVEL ADOEIS VIO EVO, UEYOAO KOL OVOUOIOYEVES GDVOLO Beuatwy mov amocyoiody tov
EKOOTOTE  EVOLAPEPOUEVO KOL ETEKTEIVOVIOL OE OLOPOPETIKES YWPIKES KOI YPOVIKES
Kliuaxegy. EmmAiéov, n amotipnon mg Puwoipdmmrag dev apopd povo v a&toddynon
MG VLOIOTAUEVNG KOTAOTOONG, OAAG KOU TNG TPOOdOL 7OV GCLVTEAEITOL TPOG TNV
BiooodtTa Kot TNV Tpodinon g embBuuntg cvuneprpopdc (Becker, 2004).

Amo TV ottypn mov 1 emitevén g Procipudtrog Exet tebel oG TpOTEVOV GTOYOG
™G oLYYPOVNG KOWMVIOG, KOl o@Oopd TO OLVOAO T®OV  GCLGTNUAT®V  7TOL
«OPAOTHPLOTOIONVTALY GTOV TAOVNTY, 1 ATOTIUNOT TOV KATH TOGO KIVOOUOOTE TPOG TNV
Brwoomnta (Kot mtdéco anéyovpe and v Procipotra) ivar Oépa peilovog onuaciog.
Q¢ ex t0o0TO0VL, «TO0 WANOOS TWV EPYorElWV, UEBOIWV KOOI OladIKOTIOV OTOTIUNONG THS
Srooyotyrog eivar ¢ talewms v ekotoviadwvy (Poveda and Lipsett, 2011). Qotd00, 0
aptBpog avtdg petdvetarl ocntd av vroloyicovpe HOVO To. EPYOAEID TOL HTOPOVV VoL
epappootovy oty Propnyovie. Ta Hvopéva 'EBvn ko or ebvikég wvPepvroeig
amoTtélecav TIC KwnTpleg duvapels mpombnong g Pudoiung avamtuéng kot Kotd
GULVETELD, TO TEPLOGOTEPO TAAICIH ATOTIUNONG TG PLOGIHOTNTOG GTOXELOLY GE €BVIKO
Kot TomKo eminedo, evad mOAD Aydtepr TpO0odog Exel onpewmbel og eminedo Propnyavidv
(Labuschagne et al., 2005).

H avélvon tov velotdpevov pebddwv amotiynong me Puooipdmmrog mov
Uopohv v poprocTovy omd v Prounyavio (47 dwapopetikég péBodot avaivdnkov
amd TOLG GLYYPAPELG) VIESEIEE MG LILAPYEL AKOUN OMUOVIIKO EPEVVNTIKO KEVO GTOV
TPOTO pe ToV omoio amotipdton 1 Procdttd Tove. Kdébe pébodog kot opdda peboddwv
(Khookég pébodot, pébodor avdivong kokiov Lmng, péBodor Pacildopeveg oe OeikTeQ)
enPovilel CLYKEKPIUEVO TAEOVEKTNATO KOl HEOVEKTNUATO Tov oyetilovtolr pe To
wlaitepa yopakTPLoTIKa Toue. Mo pébodoc amotipmong e Prwoiudmrog Bo Tpénet va
eppaviCet ta eENg YeVIKA YOPOKTNPLOTIKG OGTE VO KAAVTTOVTOL Ol BACIKES AOVVOLIES TTOV
TapoTpRONKaV:

- No AapPaver vmdéym oty omotipnon to 1WOwitepa YOPIKE YOPOKTNPICTIKA TOL
e€etalopevon Plopnyavikod GULGTNUOTOG KOl VO UTOPEL Vo amoTiud v eE€MEn g
BuwoodtTog pEsa 6ToV ¥povo.
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- Na a&ohoyetl v Propnyovio 1060 and dmoyn enidoong 660 Kot Aoyodosiag,
KaBdG T0 €va dev gyyvdtar To GAlo. EmmAéov amatteiton n tovtdypovn 0€omion oplokdv
TILOV OOTE Vo EKPPALETOL TO KOTA TOG0 Kiveitan 1 Propunyavio o PLdoipa enimeda.

- No dto@oAiletl pio emapkn 160pPOTio OVAUESO OTO EMIMEIO TOAVTAOKOTNTOG KoL TNV
KaALVyM Bacikodv Oepdtov frocyodtnToc.

- Na tovilet EexaBapa Kot vo EAaYLETOTOLEL, TIG TapadOYES Kol TIG AOVVOUIES Ol OToleg
TPOKVTTOVV KOTA TNV AVATTLEN TNG.

- No gumepiéyel KAPOKOTA eminedo SVOKOAlNG €paproyns (Kot avtiotolyn kKApoko
a&loAdynong), mpog eELINPETNON TOCO TOV HKPOUEGUI®Y OGO Kol TOV TOAD HEYAA®V
Brounyavidv.

H woavikn pébodog amotiunong g Procyomtag Bo Adppoave vmoyn OAeg Tig
wapapETpoug ouyxpdvmg (Ness et al., 2007). H avartoén pog tétotog pebdsoov motdco
eUmEPLEYEL TOAD LYNAO Pabud TOALTAOKOTNTOAGC, TOL Y10 TNV TEPIMTOGT TG Propunyaviag
petagpdletor oe vymAd kdotog Ko ypdvo. Evorloktikd, m  a&loddynon Tov
VOOTAUEVOV PEBOO®V VTTESEIEE TMG O GLVIVAGUOG TV TEXVIKAOV TG OVOAVGTC KUKAOV
Cong xor g Oemplog OEIKTOV, KOADTTEL TNV TASLOYNQIOL TOV TOPATPOVUEVOV
advvapuov. Emdpevo Priupo oty avamtuén evog eviaiov mAaiciov omotiunong g
neplParhovtikis  Proocotntag  Popmyoviov  eivor M gvpeon  TOV  1OUTEPOV
YOPOKTNPIOTIKOV Kot ToV Oempntikov vroPdbpov (Bropnyoavikn Oworoyio) mwive 6T10
omoio Oa Paciotel 10 VO avdantuén pebBodoroyukd TAaico.

3. Bropnyoviki Owoioyio

H évvolin g Blopnyavikng Oworoyiog €ywve yvoot| amd tovg Frosch ot
Gallopoulos 10 1989, o1 omoiot vmoompiEav TOG Evo eEO0VIKEVUEVO PBlOpnyaviko
owocvotnua Oa Empene vo Aeltovpyel g «avaloyo» evog PloAoylkoy OIKOGLGTILLOTOG.
[To ocvykekpwéva, oe &va «oiko-frounyoviko oikoovotiuoy To omOPANTO NG HLOG
Bropmyoviag Bo a&lomolovvtay ¢ TPMTN VAN Yo KAmolo GAAN OCTE VO, LEUDVETOL M
OTOTAAN TTOp®V (Timota Vo PNV Tnyaivel YouUévo - TEPITT®ON TPOPIKAOV 0ALGid®mV). H
TPooTAbel.  avATTLENG CULVEPYOSIOV Yo TNV  OVTOAAOYN OTOPPITTEDY  VLAKAV,
amoTeELOVoE  JlaPOVIKA PACIKO YOPOUKTNPIOTIKO TEPLOO®V OIKOVOMIKNG  OVOATTLENG
(Desrochers, 2002).

To «piounyaviko kouuatiy ™g Blopmyovikig Owoloyiog €ykettor 6TV £0Ti0GN
NG OTOV GYEOUCUO TOV TPOTOVTIOV KoL TIG TOPOYWYIKES dladkacies. Avtihapupdveton Tig
Bopnyovieg g Pacikovg ocvvtedeotés mepPordoviikng  PeAtimong AOy®m NG
TEYVOYVOGiag mov Katéyovv. To «oikoloyiko woupdry g Blopnyoavikng Owoloyiog
EYKELTOL OTNV UEAETN TOV UN-AVOPOTIVOV PLUGIK®OV OIKOGUGTNUATOV OG HLOVTEAL 10EDV
v Vv Bertioon tov Plopnyovikdv opactnplotitov. Aviihapfavetor v Prounyavio
®¢ HEPOG VOGS VPVTEPOL OIKOGLOTNUATOC [E TO omoio aiinioemmpedleton (Lifset and
Graedel, 2002).

H Buounyavikry OwoAoyio Guviotd pio IpokTikn Tpocsyyion oty Procipudmmra,
ONAadY| Tpoomadel Vo OTAVINGEL GTO EPMTNHO KATA TOGO 1 PLOGIUN ovATTTLEN pTopet va
vmapéel pe  évav  owovopukd ovueépovta tpomo  (Erkman, 2001). H Paowm
dpopomoinon g Brounyavikng Owoloyiag Evavtl TV DTOAOIT®V TPOTOPOLAOV Kot
TPOCEYYIoEMY TOV GTOYXEVOVY otV PeAtioon ¢ TePPOALOVTIKNG €midooNS NG
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Bropnyoviag (m.x. TpoOANyYN g pvmavons, TEPPAAAOVTIKY dlayeipion OAKNG ENVEGON 201%
TOWTNTOG K.0.) €YKETOL OTNV 1O10UTEPWG OAMGTIKN TNG TPOGEYYIOT), GTOYELOVIOG OF
BepeMmoelg aAhayég o€ eMimedO EVPVTEPMV GLGTNUATMV KOl GE LOKPOTPODEGLO YPOVIKO
opiCovta (Lowe, 1993). H Biounyaviki Owoloyia dev o mpénel va Aoyileton wg éva
avoTNPO TEPIPAALOVTIKO EPYOLEID TO OTTOIO GTOYEVEL OMOKAEIGTIKA GTNV TEPPAALOVTIKY|
enidoon g Prounyovioc. «Eav epopuoctel owotd, mpowlel Ty aviaywvieTIKOTHTO, TWV
EMIYEIPNOEWY KoL TNV KaivoTtouio twv mopayoucvwy mpoioviwvy (Kapur and Graedel,
2004).

Q¢ veoovotato medio, n Blounyovikn OwoAoyio amoteAeiton amd dibpopeg
Bewpieg, epyareia ko epappoyés. Kamown and avtd ta ototyeio eivol emapk®g opiopéva
Kol ouvoéovtal Ue TO VEOAOWMO, €VA OAAC Ppiockoviol Ge TPAOWO oKOUN GTAO0
avantuéng xopig avotnpn aAiniocvoyétion petasd tovg (Lifset and Graedel, 2002).
Yto Xynuo 1 mapovoidloviar ta Pacwd otoyeie g Bopnyavikng Owoloyiog
Slyopopéva, PAcGEL TOL EMITESOV EPOPLOYNS TOVG (€GO oTNV €TOUPi, OVAUECOH GE
ETOLPIEG KOl GE TOTIKT)/TOYKOC UL KAPLOKOL).

‘Evog emumAéov mapdyovtog €xk@pacng Tov dvvapkov g Bloumyavikng
Owoloyiag o¢ péco emitevéng g Procipdrag, ivor n oNUAVTIKY arodoyn TS and ta
AVOTEPO EKTOOEVLTIKA WOPVUATO Yo TOV Guykekpueévo okomd (Gaidajis et al., 2012;
Gaidajis et al., 2012). H Bropnyavikn Owoloyia amedelyn wioutépwg yproun yo v
dwaockoia BepdTov mov oyetiCovral pe v Pudoun avartvén oe unyoavikots (Allenby
et al.,, 2009) eved amotelel, OAO Kol TEPIGGOTEPO, POCIKO oNUEl0 OvVAPOPAS OTA
nmavemotnuia oebvag (ISIE, 2010). TTapdria avtd, n Bropnyaviky Oworoyia dev gival
VIEPAVD KPLTIKNG KOl VTAPYOLV OPKETO eumddol Yoo TNV omodoyn NG omd Tig
Bopnyovieg pe woptotepo TV advvapio VIBETMONS TOV apYOV TOV  QUOIKOV
OIKOGUOTNUAT®V OO TIS PLOUNYOVIKEG dPACTNPLOTNTEG.

Xymqpo 1: Ta ototyeio g Propnyavikng otkoAoyiog Stoy®piopévo BAGEL ToV ETTESOV
epapuoyns tovg (Avampocapuocspévo anod: Lifset and Graedel, 2002).
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4. Apyés s Bropnyavikig Oworoyiog
To odvoro twv apydv ¢ Bropmyovikng Owoloyia 0nmg avtég dtakpivovrol
omv oyetikn PipAoypapio avardetor otnv ovvéyele (Garner and Keoleian, 1995;
Andrews, 2001; Korhonen, 2001; Cohen, 2004; Deutz and Gibbs, 2004; Dewulf and
Langenhove, 2005; OECD, 2009).
Bioown katovirimon mdpwv kot VAKOV: H tpdPAieym oyetikd pe Tv HEALOVTIKN Yp1IoM
Kot v €EAvTAnon LVMK®V omotelel €vo onUOvTIKO GONUEID TPOCOYNG Yo TNV
Blopmyoavik Owoloyio (Harper and Graedel, 2004) mov £yel o¢ andtepo oKOTO TNV
vAkn aneEdptnon. H vAkn aneEdptnon, avoeEpETOl 6TV TOGOTIKN UEIWGT) TOL OYKOL
VAMKOV TOV KOTOVOADVOVTOL Yl0L VO IKOVOTOW|GOVY TIG OMOLTHGEL EVOG YPNOTN, EVD
dwmnpeiton 1 mowdtTa TG TapeXOLeEVNG vnpesiag (Aettovpykn povada) (Glavic and
Lukman, 2007).
Bioown dwyeipion ko eowovéunon evépyetoc: H emitevén g Puwoipottog amottet
™V  TopoyN| EVEPYEWNS TPOG OAOVLG, HE  UEYIOTN  OmMOdOTIKOTNTO Kol  EAYIGTO
neptParirovtiko avtikturo (Kapur and Graedel, 2004). Xtnv nepintowon g Propnyaviog
amotteitor n xpNom evépyelng o€ LYNAEG Oepuokpaocieg kol yi Tov AOyo avtd eivon
amopaitnTn N VIBETNON PETPOV KOl TEXVIKOV UEIMONG TNG KATOVAAMONG Kol ovENomg
NG EVEPYEWIKNG AMOJOTIKOTNTOG €VIOC TV opiwv e [lapdAinia n Prounyavio Oa
npémel vo. otpaPel oe koBapdTEPES HOPQES evEPYELG AauPAvovTag TAvVTa VITOYN TIC
W0UTEPOTNTEG TNG TEPLOYNG OTNV OTOL0L dPACTNPLOTOLELTOL.
Eloyiotomoinon tov amofitov: H glayiotonoinon tov anofAntomv opiletol o¢ «uétpa
N TEYVIKES TOD UEIWOVOLY THYV TOOOTHTO, TWV OTOPANTOV TOV TOPEYOVIOL KOTO. TIG
Sropmyoviég mapoywyixés draokaoies» (Glavic and Lukman, 2007). Mo and tig Pactkég
apyés e Blounyavikng Owoloyiag eivor modg avti va doyeplldpoote o amdPAnTa,
etvar kaAOTEPO Vo Unv T dnpovpyovpe kaboiov (Munier, 2005). [dwitepa onuavTikn
v v Blopnyoavikr Otkoloyio givar Kot 1 avoyvoplon ToV podv amoBATOV ot 0Toieg
EUTEPIEXOVLV VYNAY] OLKOVOLUIKT] 0L
Avantuén ocvvepyaoumv: Mio emmAéov apyn g Bropmyovikng Owoloyiog sivar mmg
Kapto emyeipnon dev umopet va givan amodAvta Proociun and povn e (OECD, 2009). Ot
Bopnyovieg 6o mpémer vo pnv divouv EUEOOT OTOKAEISTIKO GTO TPOIdV, Kol Vo
AVOTTOGOOVY GUVEPYAGLES Y10 Vo EAGPAAILOVV TV HEYLOTT SloyEiplon TOP®V.
[podbnon g evtomoémrag: H mpodbnon g eviomdmrag ota  Propmyovikd
CLGTHUOTO OQEIAETOL OTOL TAEOVEKTNUOATO 7OV OTOPPEOVLY OO TNV VIOBETMoN oG
OTPOTNYIKNG, OOUQ®VO HE TNV omoiot ot Prounyovieg emiéyovv mpounbevtés Ko
OLVEPYATEC Ol OTOiol  OPaCTNPIOTOIOVVTOL GE  KOVIvh amdotacy. Avo  Pocikd
TAEOVEKTILOLTO, OTTOPPEOVY OO TNV GLUYKEKPIUEVT] EMAOYT: O) GNUOVTIKA TEPPAAAOVTIKA
0PEAN AOY® TNG LEIMONG TOV LETAPOPDY KO KOTA GUVETELD TOV EUUECOV EKTOUTMOV TOV
amoppEOLY amd aVTEG Kol B) HEI®ON TOL KIVOUVOL OTLYNUOTOS KATO TNV OPKELD TNG
HETAPOPAG.
Teyvohloykn mpdodog ko amodotikdtnto depyasidv: Baoikn apyn e Blounyovikng
OwoAoyiag eivon M Katovonon g oNUAciog TG TEYVOLOYIKNG TPOodOOL HE TNV TAPOSO
TOV YPOVOV — «#] GUVELONTOTOINGY 0TI, KOOWS 1 KOIVWVIO. TPOOJEDEL TEYVOLOYIKG, KTI(EL
ETOVW OTNV TPONYODUEV TEYVOLOYIKN THG POoN Kal ETOUEVWS OEV UTOPEL Vo, OLaTnpnOel 1
va. Peltiabet ywpic 1oyvpn eCaptnon amo v teyvoloyior (Graedel and Allenby, 2009).
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Buoutépwg  onupovtiky v v emitevén g mEPPAALOVTIIKNG
Broowotntog tvar n avamTuén Kot 1 xpNom «EELTVEOV» LAMK®OV KOl GUGTNUATOV To
omoioe mpocapuoloviar o©t1o  mEPPAALOV  TOVG (MY, YXPNON OLTOUOTICU®OV Kot
aicOnnpiov).

Enravéypnon ko avakdvkiwon: ‘Evag and tovg Pacikovg otdoyovg e Bropmyovikng
OwoAoyiag etvar va eEQOQAMOEL TNV CLVENLON TNG XPNOCE®S EVOC TPOIOVTOC/VAIKOV Ko
petd o T€hoc NG TV HEG® TNG EMAVAYPNONS TOV E1TE PE TNV 0EIOTOINCT) LEPDOV TOV MG
TPOTN VAN M Yy v mopayoyn evépyeag (Cohen, 2004). Xe mepinton mov Oev givon
duvaTn 1 EMOVOYPNGLLOTOINGT VOGS TPOTOVTOG/VAIKOD, 1) Prounyavia TpEmeL vo, EMOMEEL,
eqv elvar ovvatdv, Vv avaxkOKAmon Tov. Boaowog mapdyovtag emtvyiog g
avakOKAmong yw v Bropnmyoavikn Owoloyia glvar 1 01ehpuven To0v pAGHOTOS TV
VAMKOV 7oL umopohv  vo  ovVOKUKA®BOOV Kol o€ VMK TOVL  UTOPOVV Vo
enavoyypnoponombovv oto puoikd tepipdiiov (OECD, 2009).

[MpomOnon g meprBariovtikng apepoinvioc: H Bropnyavia 0o tpénel va meibet yro v
eMKPIV NG OEGELON LEIMONG TOV EMITTOCEDV TNG 6T0 TEPPAALOV Kol ahENONS TNG
TePPAALOVTIKNG TS PLOGILOTNTOC KOl TNV OVTIKEWEVIKOTNTA TOV omo@doemv e H
Omapén evoc a&lOmIGTOV EAEYKTIKOU UNYOVIGHOV 1 €VOG TPITOL OVTIKEEVIKOD (POPLEa-
Kputn Yoo ™V aloAdynon ™G mEPPOAAOVTIKNG TG Plociudtroc, oVOUEVETOL Vo
EVIoYOGEL TNV AT0d0YY| T®V OPAGE®V TNG Propnyaviag amd TOTKoVG POPELS, TNV Kovwvio
K.ATL

Evoopdtowon tg avdivong xokiov Cong: H evoopdtoon tov apy®v e avaivong
KOKAov (ong oty aéoAdynon g Puwwoipndmrog givol avomoOQELKTN OOTE Vo
emrevyBovv afomota amotedéopata (Dangelico and Pujari, 2010; Finkbeiner et al,.
2010). H Bropnyoviki OwoAoyio tovilel tnv onpacio vioBEtong g aviAvong KOKAOL
CoMg otV AYN AOPACEMY KOl TNV OTOTIUNGT TV BLOUNYAVIKGOV dPAGTNPLOTHTMV.
Awnpnon g otkoAoyikng kot avBpdmivng vysiog: H dtotrpnon tng otkoAloyikng kot
avOpomvng vyeiog amotelel Pacikn apyn g Bropumyovikng Otkoloyiag Kot gv yével TG
Buooyng avamtuéne. H Bounyavia 8o tpémet va a&lohoyel Ty enintoon g oyt povo og
VOIOTAUEVE TPOPANUOTO TOTIKOV EVOAPEPOVTOG, OAAG Kot o {NTHaTe ToyKOGHIOV
EVOLOPEPOVTOG LE UEYAAOVS YPOVOLS EUPAVIOTG CUUTTOUATMV.

2tV ovvéyew, Ba meptypagel 0 TPOTOG LE TOV 0010 01 apyEG oL avapEpOnKay, dvvartal
va eveopatowdodv 6to mpog avamtuén pnebodoroyikd TANIG10, EVIGYDOVTAS LE QVTOV TOV
TPOTO TNV TOLOTNTO TNG OTOTIUNGNC.

5. Avantoén mhaisiov amotipnong

H amotipnon mg Procuoémrog Oo npénet vo Paciletor mive 6€ cLYKEKPIUEVES
apyéc (Pope et al., 2004), dote va evioyvetor 1 omoteAeopatikétnto e H
Blopmyovikng Oworoyia  emiéyOnke Ady®m ™G KOvOTNTAG TNG VO OTOTIUG Kot Vo
avadEIKVOEL dpdoelg Tov otoxevovy oty Prociotta. H evoopdtoon towv apydv 6to
mAaiclo arotipmong Ba tpaypatomombet emPpapedovrag ekeiveg Tig Propmyavies (pe v
YPNOY OYETIKOV OEIKTMV) Ol OTOIEC WE TNV AELTOVPYIO TOVE, TIC OPAGEIS TOLG KO TIC
ATOQAGELS TOVS, EPaprolovv Tig mpotdoelg ¢ Blopnyovikng Oworoyiog. Xtov ITivaxa
1 mapovoidloviot ot TpdTOL EVemudTmong Kabe apyng oto pebodoroyikd mAaicto.

H avértuén tov pebodoroyikod mhouciov cOueova e €va TPOTLTO PLOGIUO
Bounyavikd ocvotnuo, emADEl HEPIKMG £vo amd To UEYOADTEPO TPOPAIUOTE TOV
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OXETIKOV HENHOO®V OMOTIUNONG, GLTO NG UN EVOOUATOONG TNG AOYIKNG NG
«omdotaong and tov otoxo». Ot meplocoTepeg UEHOSOL OmOTIUNONG GTOXEVOVY GTNV
OMOTIUNOY TNG VPIOTAUEVNG KOTACTOONG 1 Omoio, O€ OUYKPLoN HE TOANOTEPEG M|
HEAAOVTIKEG €MOOGELS, Olvel (o eikovo g PeAtioong M un g Pounyaviog, yopic
®WOTOCO VO eKQPALETOL OmOPOATNTO 1) TPAYUOTIKY OTOGTACY] Ond TNV TPOYUOTIKA
Bubowun emidoon. Oétovtag ¢ BérTiom Pabuoroyia éva weatd Prooyo Propnyovikod
ocvotua, N Popnyovio yvopilel ELpeso TNV TPOYUATIKY TNG ENLO0GT OGOV APOpa TNV
wepParlovTiKn TG Lot TO.

IMivaxkog 1: Tpomor evoopdtwong tov apydv g Blopnyovikng Owoloyiag oto mAaictlo
amotiumong ™ nepParlAovtikig PiwotudTnTog,.

Apyfy

Tpomog evompdtmong 6to TAaiclo

Biovown xoatavdiwon tdpwov
Kol VMKOV

EmPpdaPevon g peimwong e xpnong LVAIK®OV Kot TPOTOV VAGV.
EmPpdaPevon g ypnong LVAMKGOV Kol TPOTOV VADV  YOUNANG
OTOVIOTNTOC,

Bioown dwayeipion ko
eEOKOVOUN O EVEPYELNG

EmBpapevon g peimong tng katavaAmong evépyelac.
EmPpdaPevon g avénong tov mococstov ypNoEMG EVEPYELNS TOV
mpoépyetal amd kabupdtepeg TNyEG.

ELoyiotomoinon tov
amoPAntov

EmPpdaPevon g peimwong ekmopndv Kot amofANT@V.
EmPpdéPevon g dmapéne amodotik®dv cuonudtomy dloyeipiong Kot
ATOPPIYNG OTOPANTAOV.

Avantuén cuvepyacumv

EmBpapevon tng avantuéng cuvepyasidv avtaAroyng amofAntov
e GANEG Bropmyovieg Kol etaipieg dtoeipiong
amoPANTOV/avaKdKA®ONC.

EmPpdaPevon avantuéng cuvepyaocidv pe dAlovg eopeic (.. Afuot,
[Movemotpia) yio v Tpo®Onon e KavoTopiog.

[IpomOnon g evtomdTTag

EmBpapevon peiwong 1ov cuvoAk®v StovuBEvav YIMOUETP®Y TOV
ATOLTOOVTOL Y10 TV TPOUNOELD TOV OmAPAITNTOV TPDOTOV VADY Kot
eEomhopov.

Teyvoloywkn mpo0odog Kot
OTOSOTIKOTNTO, SLEPYACUDV

EmBpapevon g ypfoewnc texvoroyidv ££otkovOounons evEpYELg,
VEPOL KoL VAIK®V (T.Y. oloOnTNpEQ).
EmBpapevon g xpricems PEATIOTOV SIOBESIL®V TEYVIKDV.

Enavéypnon kot avaxokioon

EmPpdaPevon emavaypnong mpoidoviov, TUNUAT®V TOV TPOIOVTOG,
VMK®V Kol vepPoO.
EmBpapevon yprioemg vAMKOV Tov TpoEpyovTal and avaKOKA®MGT).

[TpowOnon g
TEPPOAAOVTIKNG OUEPOANYING

EmPpdaPevon e Omapéng mepifolAoVTIKOV TIGTOTOCE®Y OO
aveEdptnroug opeis.
EmPpdaPevon g vmoapéng cuotiuatog tepBoAAoVTIKNAG dlayEiplong.

Evoopdtwon g avaivong
KOKAOL {oNc

Avdloon tev emmtdcemv g Propmnyaviog Aappavovtag vToy Tov
KOKAO {ONG TV cLoTNUATOV TToV eEeTAlOVTOl.

AloTipnomn g OKOAOYIKNG
Kot ovBpdTIVNG vYEiag

EmBpapevon g xpfiiong VAKGOV YopmANG ETIKIVOLVOTITOG.
E&étaon kot mocoTikonoinon g cuVEISPOPAs TG Propnyoviog ota
Kpioipo eptPaAroviikd (nTpota.

H npoondbeia vioBEétong kan tpnong tov apxdv g Blopunyoavikng Otkoroyioag
amd po Propnyovio dlvel o yevikn ewova g «iocaticy Propnyaviog amd dmoyn
neptParlovtikng Prooipdmmrog (Zynpa 2). Me diia Aoyua, po péBodog 1 onoio omoTid
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™mv wEePPaAAOVTIKY PlOcIHdTnTo COHPOVE HE TIC opyés ™S Bloumyavikng
Owoloyilag, Ba €3dwve oto &v A0y Propmyovikd ovotnue v UEYIOTN duvarh
Bobporoyia.

‘Eva emimAéov Booikd onpeio mpocoyng, €ivar m eotioon tov pebodoroyucon
miouciov. [ToAAéC Propnyavieg amoTyodv TV PIOCIHOTNTA TOVG HECH TNG EMIOOOTG TOV
TPoiovTog mov mapdyovv. H ouykekpipévn mpocéyylon mpooeEpel 1O1UTEP®G YPNOLLN
CLUTEPAGHOTA YioL TNV Bropmyavia, EUTEPLEXEL ®OTOCO TO PIGKO TOPAANYNS TAPAYOVI®OV
ot omoiot elvar Wwutépwg emiPapuviikol v v wePPAAAovTiKig Plooiudtto g
Bounyaviag (m.y. pon LVAKOV Kol €VEPYELNG YL TNV AELTOVPYIOL TOV YPAPEI®V TNG).
Yoppova pe peréteg, mepimov 10 80% tov TMEPPAALOVTIIKOD KOGTOLG €VOG TPOIOVTOG
kaBopiletor 010 0TAS0 NG GYEdlOoNG KOl KOTE GUVETELD PLETEMEITO TPOOTAOELES Yo TN
Beltioon tov TPoidvTog (T.Y. KOTE TNV TOPAY®YN) OVOUEVETAL VO £XOVV GYETIKA YOUNANL
amoteléopata (Graedel and Allenby, 2009). Q¢ ek tobtov 71 amotipmon g
Buwowomtog pécm e mePPAAAOVTIKAG PLOCIUOTNTOG OTOKAEIOTIKA TOL TPOTOVTOC,
EVOEXETAL VO UMV APNGEL 1O1UTEPMG TOAAE TTepBmplor otV dloiknom yio va mpoPel oe
BeltioTiKég KIVNGELS.

Yympa 2: To «Biooipoy» PBounyavikd cueTnuo cOLPOVO e TIS apyEs TS Bropumyoavikng
Owoloyiag.

Heprog yopnhis evnouyies oe Buata Prorowadotnas,
vhaTiriy arobepdroy, evepyalarns sZapTions Km

| I| '
| |
| - : Zuvepyacio pe dhAes Propnyovies

ETLFEPTIGELS Yht TV ovTod k-

\\ aloroinon arofAnToy.

o llapoywy shipiotay
Ko arivduvoy
“moPAnTmVERTOUTGY,

o Avaivon xixdov {enjc
- EMHIOTOROINaT) Tew
ETATHGEON KOTE TV
APNGT] Kot adppuyr
o Tpoiivros.

*  AVOVEDGIHES
WIYEC EVEPTEWG,

* Yo popmhng
GROVIOTI TS Kot
EXIKIVBUVOTI TG,

o Tomkol
Apountentas.

*  Elagotonoinan ¥pfiong vMkov,
EVEPYELDG KOl VEPOD,

s Afwmroinan mg owbEoymg
TEVOLOTInG.

& Emovigpmarn Ko avakichansT,

o lepifalioviue auepokinyie.

6. Xopmephopata

Xty mopovoa gpyacio VIodeiyOnkay To YEVIKA YopoKTNPIoTIKG To. omoio Oa
npémel vo, el Eva neBodoA0yIKd TAAIC10 amoTiunong g TePPaAlovTikng Poctudtrog
®ote vo KoAvmtel TG Poocikég advvapie tov velotdpevov uebddmv.  EmumAéov
emAEYONKavV Ko avardbOnkav to otoryeio ekeiva ota omoia pio Propnyavia Bo Tpémetl vo
oTOYEVEL MOTE VO PEATIOOEL TNV TEPPOALOVTIKY TG PLOctdTTo Kol KOTA ETEKTOCN
ypiCovv amotipnong. Ta yopaxtnplotikd, ot apyés kot ta epyoieio g Blopmyovikn
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, , , , , , , , ENVECON 2013
Owoloyiag ektipdral 0Tt gival WBUTEP®S YPNOIUE. 6TV Tpodinon Pliociumv X

OTPOTNYIK®OV, LTOJGEKVOOVTAG TNV ONUOCIO Kol TNV KOVOTNTA TG va. Tpowbel kot va
VIOOTNPILEL KAVOTOUEG KO ONHOVPYIKES SPAGEIS OGOV apopd TNV PLdSU avaTTLED.
Enopevoc otdyog TV cuyypoapimv givar n avamtuén evog TeAKod pnebodoroyiko
mloiclo amotipunong g mEPPoAAOVTIKIG Puwoipudmroag Propnyovidv Aapavovtog
VIOYN TA YOPOKTNPIOTIKA TOL avarbOnKav Tponyovpévms. To cuykekpiuévo mhaicto Oa
pumopet va gpappootel and OAeg Tig Propnyavieg ko Oo amotipd pe afldmioro Kot
OTOTEAEGLLOTIKO TPOTO TNV TEPPAAAOVTIKY| TOVS PLOGIUOTNTO GTOV YDPO KoL TOV XPOVO.
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Iepidnyn

H avayvopion, ond ) debvn koot ta Tog T TPOANTTIKA HETPA Ogv glvar TAEOV
apKeETE va. ovatpéyouv TNV €EEMEN TOL QOIVOUEVOL TNG HETOPOANG TOL KAIMATOG,
odMynoe ot oTadloKn SWUOPE®CT GTPATNYIK®OV AUPAvvong TV Thovav EMATOCEDV
tov. H Evponaixn ‘Evoon pe v ékdoomn g Aegvkng Bifiov «H mpocappoyn oty
aAlayn Tov KApaTog: Tpog Eva evpwmaikd mAaicto dpacne» (2009) vroypdupuce avth
TV OVAYKY), KOADOVTOG TO KPATN-HEAN vo ekmoviicouy avtictoryo Efvikd Xyéowa. H
EAMGO0, mapoio mov yoapaxtnpiletor dlaitepa DAAMTN AOY® NG YEMYPOPIKNG TNG
0€0mMC KoL TNG EKTETOUEVNC OKTOYPOUUNG TNG OGO APOPA GTNV KALLATIKY ALY, OEV EXEL
OAOKANPMGEL OKOUN TNV EKTOVNON L0 TETOLNG OTPATNYIKNG Tpocappoyne. H mapodca
epyacio ETOUOKEL VO CLUPAAAEL TNV TPEXOVGO OLAOTIKOGIO TPOTEIVOVTOG TN ZTPATNYIKN
Extiunon Ilepiorroviikev Emntocewv (EMIIE) og epyodeio wovo va dioyelpiotet,
1660 TNV 0VGI0 TNG KATAAANANG TPOGAPUOYNS TOL GYESOGHOD TOV EAANVIKOV YMDPOUL,
060 Kol TNV ovayKoio avamtuén cuvepyaciog HETOED TOV EMGTNUOVIKOV KAAO®MV TOL
eumAékovton og €va T€To10 ToALGVVOETO TPOPANpa. TTapdiinia, eminteiton | ektipnon
NG OMOTEAECUATIKOTNTAS TNG MeBOGOOVL (HE KATOAANAN Oavadlopdpe®mo TNG) otV
TePImTOON €POPUOYNS TG MHE Ta ¢ Topo oedopéva IIpog avty v katevbuvon,
evromilovTol avaAoYieg aVAUESO OTO YOPAKTNPLOTIKA TOV TPOPANUATOS TG UETOPOANG
TOV KMUOTOG KOl 6TOVG O1oyEPLoTIKovg 6Tdyovg e ZMIIE, ypnoioroidvtos wg Ko
YADGGO avaQOpAg OVTN TOV TOANTAOK®V cuotnudtov. Méoa amd auty TV avaivon 1
YXMIIE emovompocdiopileTal, avtAdvTog and Tig £vvoleg g avOektikotntag (resilience),
™G TMPOCaPUOOTIKNG Owayeiptong (adaptive management) Kot NG TOAVTAOKOTNTOG
(complexity). To peBodoroyikd mAaiGlo OV TPOKLITEL ekGLYYPOVilel Tov BeoUd TV
YMIIE, é101 01mg avtdg givatl avTAnNTtdg 6tov EAANVIKO xdpo. Tavutdypova, GLUVEICPEPEL
O€ TPONYOVUEVEG OvTioTOLKEG KatevBuvaels tng Evponaikng Evmong, mept evoopdtmong
™G KMUOTIKNG 0AAOYNG OTIG LEBOJOAOYIEG EKTIUNONG EMNTOGEWV.

AEearg Kherona: KMpotikn aAdayr], EKTiunon eTmTOoe®V, ovOEKTIKOTNTA,
TPOCUPUOCTIKN SOXEIPIOT, TOAVTAOKOTITAL.
JEL Kwéwoi: Q5, Q54.
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1. Ewsayoyn

H avayvopion, amd  01ebviy kowotnto TS T0 TPOANTTIKG HETPO OV givat
TAEOV OPKETA VO, ovaTpEYOLV TNV €EEMEN TOL QUIVOUEVOD TNG METAPOANG TOV KAILOTOG,
odMynoe ot oTadloKn SIUOPP®CN GTPATNYIK®V AUPAvvong Tov Thovav EmMATOCEDV
tov. H Evponaixn ‘Evoon pe v ékdoomn g Aegvkng Bifiov «H mpocappoyn oy
oAlayn ToL KMUOTOG: TPOS £va EVPOTOIKO TAaiclo opdone» (2009) vroypduuce oot
TV OVAYKY), KOADOVTOG TO KPATN-HEAN vo ekmoviicouy avtictoryo Efvikd Xyéowa. H
EAMGO0, mapdro mov yopoaktnpiletar diaitepa eVOAMTN, OGO OPOPE GTNV KAMUOTIKY
oAdhayn, AOY® NG YEWYPAPIKNG TNG 0EoMg KoL TNG EKTETOUEVNG OKTOYPOUNG TNG, OEV
EXEL OAOKANPAOGEL OKOUN TNV EKTOVNON HOG TETOWIG OTPOTNYIKNG mpocapuoyns. H
Tapovcsa epyacio emyelpel vo cUUPAAAEL TNV TPpEYOLGA dladiKacia, aEOTOUDVTOS TN
oGLYYPOVY| EMIGTNUOVIKT YVAOT] Y0 TO YOPOKTNPLOTIKG TNG KALLATIKNG OAAXYNG KOl TIG
aVAYKEC TPOCUPLOYNG OTIS EXUTAOGELS TNG. Méoa amd Pactkég TTuYEG VTG TNG YVAOONG
(TolvmAokoTNTa, AVOEKTIKOTNTA, TPOGUPUOGTIKY| Ol)EIPLoN), Ol XTpatnyikés Mehéteg
[TepBarroviikdv Emmtdoemv avadtopop@dvovTol KOTAAANAN Kol TEMKA TPOTEIVOVTOL
®G KOPLL OLOYEPIOTIKE epyaleior €QappoyNG Tov avapevopevov Efvikov Zyediov
2TPATNYIKNG.

2. H xhMpotiki aAlayn] o ToAVTA0KO TPofAnpna

Yoppova pe ™ XouPaon [Miaicio twv Hvopévov EOvov yo v KApotikn
AMayn (United Nations Framework Convention on Climate Change-UNFCCC), n
KMUATIK] oAAoyn a@opd ot UETABOAN TOV KAIHOTOG, TOV amodidetal AUESH 1) EUUECH
oe avOpomivn dpactnpiotra, 1 omoia petafdiier T ovvbeon NG ATUOGPALPAG TOV
mAovAT) Kol Agttovpyel mpooBeTikd oTIG QULOIKES KAMpatikég  dwokvudvoelg. H
AwxvBepynriky Emitpon yo v Khpoatikrp AAhayn (Intergovernmental Panel on
Climate Change-IPCC) opilel v KMotk oAdayn, ©G TNV TOUPOUTETAUEVNG TEPIOSOV
(dexaetiog 1 KoL TEPLGGOTEPO) UETOPOAT TOV KAMUOTOC, TOV UTOPEL VO TPOGIOPIOTEL AUTd
oAloyég otn péon Katdotaon N/Kol ot OlOKOUOVOT TV YOPOKTINPLOTIKOV TOV.
Avoeépeton o€ OmOONTMOTE OAAOYY] TOVL KAIHATOG, €ite AOY® OGS  QUGIKNG
petapintomroag, €ite Adym g avlpomvng dpactnprotntog (IPCC, 2007). Avtov tov
devtepo oplopd viobetel n mapovoo epyacia, n omoio avtilopPdaveror o OEpo ™G
SlElpIoNg TOV EMATOCE®V TOV UETAROADGV TOL KAMUOTOG ¢ o XpoOvVid, QULGIKY|
TePPOALOVTIKY] OpOoTNPOTNTA, 7OV TPOVTNPYXE TG ovliNnong mepl «KAUOTIKNAG
aALoynG», Kot emPapivinke amd Tig avOpmmiveg EMEPPACELS GTOV TAOVATY.

[Mop’ Oreg TIG SLPOPETIKEG TPOOEYYIGELS, lval KOG omodeKTO OTL TO TPOPAN QL
™G KMUOTIKNG OAAOYNG omoTeAel o TOADTAOKN Slodkacio, 1) Omoio, SOHOPPDOVETOL
and éva TAN00¢ aAANAETIOPAcE®Y UETOED KOWVMVIKO-OIKOVOUIKAOV, BLOAOYIK®V Kol
OTHLOCPUPIKAOV GLOTNUATOV Kol yapoaktnpiletal and peydio Pabud afePordtnrog mg
po¢ T dvvnTikd ¢ omoteAéopato (Quiggin, 2007). H Bifioypapio cuykiivel otov
YOPOKTNPIGHO TOL TPOPANUOTOS G «OVCETIAVLTO» 1), MO GLYVA, «TOADTAOKOY,
aVOQEPOLEVT] O L0 QUVOLLKY, CUVEYMDG EEEMGGOUEVT, UM YPOUUIKY] OlOOIKAGI0, TOV
elvar dvokoro va mpoPrepbel kot vo vmootel Owayeiplon HECH OGS TOPUOOGIOKNG
YPOUUIKNG, avoAvuTikng pebddov (Quiggin, 2007; EC, 2013; Roggema, 2013). To
«pawvopevo g metarovdacy (Butterfly effect) mov meprypdonke amd tov pabnuotiko-
petewpordyo Lorenz (1963) kot cOp@®VO LE TO OTO10 TO PTEPOVYIGUO HLOG TETAAOVOOS
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o€ [ TEPLoYN etvar Kavo va dpAcEl KOTOAVTIKG Yo TNV TPOKANOT TVOOVA GE
o GAAN, OOHOKPULOUEVT TEPLOYN, E£lval 16®MG 1 WO OMUOPIAMNG HETAPOPH TOL
YPNOUYOTOLEITOL VIOl VO TTEPLYPAYEL TNV TOAVTAOKOTNTA TMV KOUPIK®OV KOl GUVETMG
KMpatikov cuvinkov (Roggema, 2012). H gvoicOnocio Tov amoteAéoHatog 0TS opykég
ouvOnkeg vd TIg omoieg avTd dNUIOVPYNONKE, M UN YPOUUIKOTNTA HETOED OUTiOL Kot
olTTo, Ol OVOOVOUEVEG OCULUTEPLPOPEG K.OL., OTOTEAOVV HEPIKA HOVO omd  To
YOPOKTNPLOTIKA TOV TOADTAOKOL TTPOPANHOTOC TNG KAUOTIKNG OAAAYTG.

O yapokmPIopds ™G KAWMATIKNG OAAOYNG G TOADTAOKY SlodKaGior 1 oG
TOAVTAOKO GUGTNHO (=CVGTNHO TTOL £YEL TNV IKOVOTNTA VO AVASIAUOPPAOVEL TOV EAVTO
TOV UE TPOMOVS Ol omoiol umopel var wpokaAoOv EkmAnEn, va eivar onAadn SVCKOAN
npoPAéyuor), dev eivar toyaio (Allen, 2012). H évvowr ¢ moAvmAlokdTnTog
eupovioTnke ¢ pwo. véa TPooEyylon, Otov  €ywve Katavontd ott pébodor mov
ypnopomomtnkav and tov 'oMAaio, tov Nevtwva, tov Laplace kot dAlovg, mapéyovv
o TePLopIopéEVN  duvatotnta dloyeipiong TV TPoPANUAToOV OV KOAOUVTIOL VO
OVTILETOTIOOVY Ol SLAPOPES EMOTNUEG Kol Kuplwg dev elvar oe B€on vo mapéyovv
hoykég e€nynoelc v évav peyaio apfud eavopévev (Baggio, 2008).

O emomuoviKOC KOGUOG €YEL  OvVOYVOPIOEL TG Ol VIETEPUIVIOTIKEG KO
OVOYOYIOTIKEG OVOAVCELS, OV KOL TOPUUEVOLV  EQUPUOCIUES GE  (QULVOUEVO OV
yopoktpilovtar ond otabepd cvoThipaTo Kot ypoupkotnta, oev eivor oe Béom va
eEnynoovv v aAndvny evon ylo ToAAL cuoTHHOTO TTOV ivon AydTtepo otabepd Kot pn
Ypoppkd. Me BAoTn €TIGTNUOVIKE VPMUOTO TIGTEVETOL CUEPO LE OPKETN PePardTnTal,
0Tl 0XedOV OAOL TO PLOIKE KOl KOW®VIKG CLOTAUHOTO givol aAAnAoeEaptdpeva, un
YPOUUKE, TOADTAOKO TPOCUPUOCTIKG GCULGTHHOTO, OCLYVE YVOOTE MG «KOW®VIKO-
OIKOAOYIKG GLOTAMOTOY, TO. omoio opifovtaol ®¢ CLOTAHNTO 7OV  TEPIAAUPEVOLV
KOwovikd  (avBpodmva) Kot okoAoyikd (Ploguoikd) vrocvoTiHoTo o€ apolPoio
aAnAienidopaon (y. Eva Tpomikd dGGOGC, Lol ETYEIPNOT, L0 KOWV®OVIE, TO 0VOGOTOMTIKO
ocvotua, o World Wide Web kot n Ttaeio maykoopionoinon g otkovopiog) (Waldrop
1992; Sanders et al., 2003). H emotqun avalntel kou €yet MON €viomicel mpoOTLTOL
CLUTEPIPOPAS HEGO OTO TOALGUVOETO YOPUKTAPO Kol OTIS HETAED OYECES TV
CLUCTNUAT®OV TOL HEAETH, GTOYEVOVIAG OTNV KOTOVONGON TMOV OEPYACIOV TOLS, GTNV
TPOPAEYN NG HEAAOVTIKNG TOug €EEMENG Kol otnv KatdAAnAn dSwoyeipion Tovg.
[IpéoxAnon mopapével 1m  omdd00T TOV GUYYPOVOV EMGTNUOVIKOV YVACE®V Tepl
TOAOTAOK®V TTPOPANUATOV, OTT®MG &ivor 1 KMUOTIKA oAAayY, O0€ TOMTIKA TAMicLO,
OTPATNYIKG OYEO10L KO OloElPoTIKG epyadeia, kdTL mov onuepa €mg &va Poabuod
Tpoypatomoleitol pécw TG ovlnmong meplt OVOEKTIKOTNTOG KOU OVOYKNG Ylol [t
TPOGOPLOCTIKY| dtayeipio).

3. Anté v agr@opia otV avOEKTIKOTNTO

[Tapdro mov N amodoyn ™ moAvTAokOTNTAG viomiletan otn PipAoypagio Hon
arnd t dekaetia Tov '60 (Castellani, 2013), povo mpdoEOTO ATEKTNGE OLVOUIKY EKTOG
NG EMOTNUOVIKNG KOWOTNTOG Kol E0YDPNOE 610 AeEINOYI0 TG Myng amopdoewy. H
TOVTOYPOVN OVOPOMIGTIKY, TEPLPOALOVTIKT] KOl OIKOVOUIKN Kpion TV TeEAELTOi®mV
deKaeTIOV €xel avéNoel TV aicOnon ¢ TpOTOTNTOC KoL TNV avtiknym 0Tt ot
dwdikacieg, Tov oyetilovral Le TNV TAYKOGUIOTOINoT) KAVOLY TOL TOTOVE IO EVAAMTOVG
OTIG GULVETEIEC JEPYOCLAOV OV TAALOTEPU Bewpohviay «eEMTEPIKES) Kot dpa AyOTEPO
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onuavtikég (Portugali, 2012). Tavtoyxpova, 1 cuveymds eEeMocOueVn TEXVOLOYiaL
aALAaCel TOV TPOTO aVTIANYTG KO 01K OTG TOL YDPOV (avOPOTIVY KIVITIKOTN T, GUYYVOT)
YEQYPOUPIKOV GUVOPOV, YeE®YPOPio KLPEPVOYDPOV, JAOIKTLOKOL YAPTES KAT.),
TPOCPEPOVTOS TAPAAANAL VEEG SLVOTOTNTES dlayEIPIONG OLTOV KOl T®V TPOPANUATOV
mov mepkAeiet (Sanders et al., 2003). Ynd avtég t1g ovvOnkeg, Pacikég Evvoleg-mAaiota,
Om®G aLT TNG OEWPOPilog, 7OV JTPEYOVY EMCTNUOVIKEG EIONYNOES Kol €OVIKA,
EVPOTATKA Ko JEBVN TOMTIKA Keipevo avafempoiviol Kot avadtopUopOOVOVTIOL, OCTE
VO GUYYPOVIGTOVV UE TIC EEEMEELC.

[dwitepa  onpovtiky ovuPoAn otnv  wEPLYpPAPN NS OYEONS  OEWPOPioG-
moAvmAokdtTTOg €ivor ot tov International Institute of Sustainable Development
(IISD), 7o omoio cvppwva pe épevva ¢ GlobeScan ywo to 2004, avadeiydnke wg to
EPELVNTIKO KEVIPO HE TN UEYOADTEPT EMPPON oTO CNTHUATA TNG OEWPOPOV AVATTVENC.
2ty ékBeon «Indicators for Sustainable Development: Theory, Methods, Applications»
(IISD, 1999) 1o IISD mpooeyyiletl o wiaitepa cuvNOGUEVT] TPAKTIKT], TTOL £0TIALEL OTN
SWUOPPM®ON KATAAANA®VY SEIKTOV, HE pia Ayotepo cuvnOiopévn pebodoroyia, n omoio
Bacileton eCapyng omv OBewpio g moivmiokdtroc. H  agwpdpog avamntvén
avTILETOTICETOL G GVV-EEEMEN TOADTAOK®V PLGIKMOV KOl KOWVOVIKOV GUGTNUATOV, TO
omoia yoapaxtnpiloviar amd 10TNTEG OMWG UN-YPOLUKOTNTO, TPOGOPLOGTIKOTITO KOl
avto-opyavmor. H aewpopog €EEMEN avtod TOoL GLVOAOL pmopel vo cvuPel pe
SPOPETIKOVS TPOTOVG Ol 0moiol aplOUNTIKA €ival TOAAOL, GTNV TPAYUATIKOTNTO OLMG
aVTAOUVTOL OO €VO. GUYKEKPLUEVO GUVOAO EVOAAOKTIK®MV, Ol omoieg opilovion amod
TEPLOPIGUOVG OV OLPOPOVY GTOVG VOUOVS TG UONG, TNV avOpdmivn eHo Kot 6TOY0VG,
TO POAO TOVL XPOVOL Kol TG EEEMENG TNG TPOLYLATIKOTNTOG.

Y10 ev Myw mloiclo m oewpopio yivetor oavtiAnmr| Oyt ©¢ otabfepdg,
OVTIKEWEVIKOG OTOYXOC, OAAA ®G oL ouve®S €EEMOOOUEVT] O1001KACI0 SVVOLKMV
oxéoewv petald mAN0ovg Tapayovimv, yapoaktnpllopevn ond afePoatdtnTo Kot cuveMdS
petaparropevo mepipdirov. H petdppaocn g évvolag og avalntnon otafepotntog Kot
COPPOTHOG, OM®G MNTAV AVIIANTTH £0G TOPO, YAVEL TN ONUOCGIO NG, 0PEVOS YTl
COLPMVO LLE QTN TNV TPOGEYYIOT TImoTa OEV ival dLVOTO Vo TOPAUEIVEL GTAGILO GTNV
apaypatikomra (IISD, 1999), apetépov Yot 6TO0 GKEMTIKO TNG TOALTAOKOTNTOG «1)
aotdBelo eivon omapaitnm mpoindOeon g avdmtvéng» (De Roo et al., 2010). H
avalnmon g toppomiog Aowdv Bempeitarl emnuo yio v avantuén 1oV GUGTHUATOG,
TO 0moi0 KOAElTOL VO AEITOVPYNOEL GE GLVONKES ALENUEVING TOAVTAOKOTNTAG, MOTE VO
gtvar Ompovpykd Kot vo eravepevpiokel Tov eavtd tov (Baggio, 2008), kdtt mov TeAMKd
odnyel otV ovcia TG aelpopiag, ®g dtatrpnon Kot Puooiun eEEMEN otov xpdvo.

H oaeipopia onpepa cuvodedetar amd o véa yevid pebddmv Kot Epyareimy Tov
TPOKTIKO GUUTANPOVOLV 1] OVTIKAOIGTOUV TOVG TOPAd0GLOKOVS TNG OelKTES: oYedIaoU
oevapiov (scenario planning), oAokAnpopévo poviédo emmtdcewmv  (integrated
assessment models), poviéAa mpocopoimong (simulation models), ocvotHuaTO
YE@YPAPIKOV TANpopopidv (geographical information systems), TPOGOPUOCTIKY|
dwyeipion (adaptive management) kot 7o mpOGPOTO OvVAAVLON KOl Olaxeipion
avBektikétntog (resilience analysis and management). H televtoio amoteAel pua
oLYYPOVY EVVOLO-TACIGLO, 1 OTTOL0L YPTOLUOTOLEITAL TTEPA OO TNV OLKOAOYiQ, TN PUOIKN
KOL T1 UNYOVIKT, GTNV YUuYoAoYia, 61N Sloyelplon KIvouveV Kol QUGIKOV KOTUGTPOP®YV,
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ot SwkvPépynon kol otov mEPPOAAOVTIKO Kot aoTikd oyedtaoud (Davoudi,
2012). Zmm Piproypagic  Exovv  mpayupatomonbel  mOAAEG  ovuvdéoelg  petaly
avekTikOTTOG Ko aglpopioc. Emyeipodvtag va amocoenvicet T d1apopd avALESH TNV
avlekTikoTnTO Ko TV agipopio, o Adger (2010) ovTidoGTEAAEL TV KOVOVIGTIKY KOt TNV
TEPLYPOPIKN QVOT TV 000 Opwv. H agwpopia, £dikd amd Tov moAtikd KOouo, yivetol
AVTIANTTH ®G €VOG GKOTOC, £Va 100VIKO TPOG TO 0010 TPEMEL VO, TEIVEL 1) JlOXEIPIOT TOL
KOWV®VIKOV, OIKOVOUKOV Kot TeptPariovtikov cvothpatog (Derissen et al., 2011).

H avBekticomra and v dAAN, oyetileTon mEPIGGHTEPO LE TNV TPOGEYYIOT TNG
aelpopiog Kot yiveTon avTIANmT] O¢ [o 1010TNTO TOV GUCTHHOTOG TOL PPICKETAL GUVEYMG
oe e&éMEn. Ot Derissen et al. (2011) evromilovv wg KOpla dopopd peTaEy TV dVO
EVVOLMV GTO YEYOVOG OTL M OEWPOPOC OVATTUEN EMOIDKEL VoL AMOPVYEL TO OO0 COK
CLUTEPLPEPOUEVT] UE TTPOCOYT| 6TO TTEPPAAAOV Kol TNV KOW®Via, EVD 0 GYXEOOCUAC TNG
avOeKTIKOTNTOGC TPOCAPUOLETOL GTNV EKAGTOTE HETABOAN LE OTOYO VO ETICTPEYEL GE IOl
eMOLUNTY KATAGTAOT], OLPLAACCOVTOS TUPAAANAQ TNV EUTEPIO OVTNG TPOCAUPLOYNG,
MOOTE TO CVLOTNUA VO AVTOTEEEADEL LE PEYOADTEPT] OTOTEAECUATIKOTNTO GE LEAAOVTIKEG
TpokANoels. Yo outéc Tic ovvOnkeg, M televtain eivonl Mo AUECO Kol TPOKTIKA
oxetillOuevn peE TNV TPAYHOTIKOTNTO, KOOOG TPOCQOEPEL HEYAAVTEPO €VPOG MOAVAOV
UEALOVTIK®OV KOTAOTACE®V 0T’ OTL 1 OEWpopic, 1N ONOiol GTOYEVEL GE M0 O0VIKN
KaTdoToon cvvinpnong kot emboung otabepotnrag (Lew, 2013).

4. ATt6 TOV PETPLOGUO GTIV TPOCUPROYN: | TPOKANGT Y10 TOV GYEOLUOUO

Ot dvo kdpileg Katnyopieg amdvinong oto TPOPANUE TG KMUOTIKNG OAAAYNG,
a@opolV 610 peTplocpd (mitigation) kou otnv mpocappoy (adaptation). O peTplocpog
EXEL WG OTOYO TOV TMEPLOPICUO TOV HEALOVIIKOV EMTTOGE®V TNG KAUOTIKNG OAAYNG
Héc® Kupimwg TS peimong Tov agpimv Tov GLUPBAAALOVY GTO POVOUEVO TOV BEpLOKNTIOL
(Fissel, 2007). H mpocappoyn avalntd tov 1pdémo pe tov omoio o dvBpmmog umopel va
{noel oe apuovio PE TIG CUVETEIEG TOV HETOPOADY TOL KApHOTOC, 6T0 Bobud mov avtd
BéParar elvan epktd. Eivor pio dtodikacio 1 GOVOLO HETP®V, TOV GTOXEVEL 0T pelmon
™G eumdfelng TOV QUOIKOV Kol OVOPOTOYEVAOV GLOTNUATOV £vavtl TPEXOVIOV 1)
OVOUEVOUEVOV EMTTOGE®V TNG KAatikng oAdayns (EC, 2013). T6co o emotnuovikog,
0G0 KOl 0 MOMTIKOG KOGUOG £3mGaV £mMG TMOPO HEYUADTEPY EUPACT) OTNV AVATTLEN
TEYVIKOV UETPLOGHOV, TOPAE otV Tpocapuoyn oty kipatiky odiayn (Fissel, 2007;
Roggema, 2012). [IpoxeiTon yio. pio TPOKTIKE TOV SIKOAOAOYEITOL OPEVOS OO TO YEYOVOG
otL n mpoéANYM Bewpeiton TAVTO M KATOAANAOTEPT TPOGEYYION €VOG TPOPANUATOG,
OTOYEVOVTOG OTNV oitio TG VTapENG TOV, OPETEPOV OO TO OTL TO. ATOTEAEGUOTO TMV
npoomafeldv TG Helwong Tov KokOPOLA®V oepiwv elval MO OmTO Kot €OKOAN
a&loAoynoa o€ oxéon pe po moitikn tpocsappoyng (Fissel, 2007).

[Tapdia avtd, onuepa TapatnpPeiTol OAOEVE QVEAVOUEVO EVILOPEPOV GYETIKA LE
TNV OVOYKOLOTNTO TG TPOGUPUOYNG OTNV KAMUOTIKY aAdayn. ‘Exet yiver kotavontd mwg
OAKY] OTOTPOTY] TOVL TPOPANUATOG eV EIVOL EPIKTY KOL TMG KOO KOL OV Ol LETAUPOAEG
TOV KMpatog petplactovv, eivar 1660 adbvato, OGO Kot apUCIKO Vo, eKAElyoLV
(Roggema, 2012). H Evponaikn 'Evoon, pe v €kdoon g Agvkng Biprlov «H
TPOGOPUOYN OTNV OAAOYN TOL KAUOTOC: TPpog éva gupomaikd mAaicto dpdong» tov
Ampilo tov 2009, vroypdppice Ty avaykn xapacng oAOKANPOUEVIG GTPAUTNYIKNG UE
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oTOYX0 TNV GUPALVOTN TOV EMATOCEDV NG KAMUOTIKNAG OAAOYNG KOl KAAEGE TOL
Kpan péAN va ekmovioovv avtiototyo EBvikd Zyédw Ipocappoyng (E.Ke.ILE.K. et al.,
2011). Méoa og avtd T0 TAOIGLO KOl AOY® TNG GVONG TOL TPOPANLATOS, O OXESUGUOG
TOV YOPOL Kot 1 TEPPAALOVTIKY] dloXEIPION, TPOKEWEVOL VAL avTATOKPlOOOV OTIG VEEG
OTOTNOEL, KOAOUVTOL Vo OldpOUaTICoVY £vay GLVOVOOTIKO POAO, avOOE®POVTOG
TapAAAN A0 6TOYOLS, HeBdOOVG Ko dradikacieg (Davoudi, 2009; Roggema, 2012).

H peyoddtepn iomg mpoOKANOT ®G TPOg TNV 0LGIO TOL GYESOCUOD &lvar 1
amodoyN TNG TOAVTAOKOTNTAG TOL OlaXEPILOUEVOL TPOPANUATOG KOl 1| GUUPIM®OOT HE
™V Vmopén afefotottov Kot TOALATA®Y TOOVAOV HEALOVT®OV, AIYOTEPO 1| TEPIGGOTEPO
ao1600&mv. TToAlol peletntéc avaeépovioar otnv avaykn pog priikng oTpoensg otov
TPOTO OKEYNC KOl OVTLETOMIONG TOV TOAVTAOK®V poPAnudtov (Sanders et al., 2003),
ONUELDOVOVTOS TS Ol £MC TMPO. AmOTVYiEG OV 0peiAovTal TOGO GTNV TOAVTAOKT (PHON
TV  Soyelpllopevoy  dladlKacldv, 000 oTo YeYovog OtL ot peBodoloyieg mov
ypnoomomnkay  dounbnkav TAVEO < ©E O OTAOLGTELUEV  OVTIANYM NG
npaypotikotnrag (De Roo et al., 2010). Empévouv g o otdyoc dev Ba mpémetl va eivan
va pewdel n afePfordtnTo Kot vo vtootel dlayeipton 1 TOALTAOKOTNTO, OAAG OVTEG va
KatovonBolv kat va xpnoyomom8ovy yia v avartuén vémv pebodoroyldv GyedIoGHOD
OV YOpov, mov Ba cvv-mpocapudlovtal Kor Ba cvv-eEeAiccoviol HE TIG SUVOIKES
yopkég ddwkacieg (Allen, 2012). Zoppoyog oe o TETOWOL TPOKTIKN €ivol Ol VEES
TEYVOAOYIEG KOl TO €EEAMYHEVO VTTOAOYIOTIKO HOVIEAD TPOGOUOIMGNC, OV TAPEYOLV
gpyoreio pe avénuéves SLVOTOTNTEG, TOPEYOVTOG TO HECH ATOPLYNG TOAUOTEP®V
avoyKaoTiK®V anlovotevcewv (Allen, 2012; Portugali et al., 2012).

Y7o avtég TIg cLVONKES, M TPOCAPLOYN GTO TPOPANUA TNG KAUOTIKNG OAAAYNG
amontel va tefel oe gpappoyn n wAov ovyyxpovn HEB0OOG oxedOGHOD, YVOOTH ®G
«mpooaplootikn dwyeipton» (adaptive management) (Roggema, 2012). Onwg @aiveton
omv Ewova 1, n mpocappoctikny dayeipion pmopel va meptypapel 6to mAOIGLO T®V
ToAOTAOK®V cvotTnuatev. Kabdg n molvmtiokdtta ko 1 afefatdotnta avdvovv, o
oxedloopog KaAeital va amootafeponomBel Kot va avadtopyavobel. Movo oe pia t€tota
nepintwon Oa eivar wavog vo avtamokpifel oe aféPaieg ocvvOnkes. Me Ghda Adya o
oxedloopog KoAeitor var AAPel pHEPOC o€ o SLodKOGToL SO0YIKNG KOTAVONONG Kot
enelepyaciog Mg ogpdg amd moAdmAoke mopovio Kot aféPoieg  mpoPAEyELs,
TPOKEWEVOL VO TPOGEYYIGEL TO HEAAOV, 6TO 0moio 6ToYeVvEL. To epdTNUA Eival TOG OLTA
N Swdwacio Oo eoywpnoet ko Ba yopaxtnpicel T0 GHVOAO TOV GYXESOGHOD Kot TN
dwdkacio. Aymg amopdoemv. Ilpog avty v katebBvvorn, mn TPocapuoyn oTNV
KMUaTiK] oAhoyn KoAgitol vo amoTEAECEL OVATOOTOGTO UEPOG TNG OLOOIKOGIOG TOV
oXeOOUO0D, HE TAPOUOL0 TPOTO LE TOV OMO10 eKTIUNOT TEPPOAAOVTIKAOV EMMTOCEDV
&xel evoopotmbel onuepa 6e oxedOV OAN TO OTPATNYIKE TPOYPAUUOTO KOl GYELN
(Lazarevic-Bajec, 2011).

5. O péiog ™ ¢ Zrpatnykic Extipnong llepifporiovrikov Emntdocmv

H Ztpomywn Meiém Tlepiparrioviikov Emntocemv, n omoia oto mlaicto g
Evponaikng Evoong onetor amd v oonyio «ylo TNV EKTIUNoN TOV EMTTOCEDV
OpPOUEVOV GYEdimV Kol Tpoypappdtov yu 1o mepiBaiiovy (2001/42/EK), Bewpeiton
waitepa KatdAinAo Oecpukd kot pebodoroyikd mTANIGL0, G TPOG TNV EVEOUATMOT| TWV
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GTOYMY TNG TPOGAPUOYHG OTNY KAUATIKY aAlayr}, AOy® TG TPOSTAOsdg g ve VESON 204

nmpooeyyicel 10 PEALOV, TNG eAevBepiog mov mapEyel G PO TNV KAIpoK HEAETNS (o€
avtibeon pe Tt Meléteg Ilepiparroviikdv Emmtdoewv, or omoieg eivar daitepa
TEPLOPICUEVECS), TOL HOKPOYPOVIOL YOPOKTIPO TNG KOL TG UEAETNG GUGCMPEVTIKMY KOl
GLVOVACTIKOV TOPAYOVIMV OV dPOLV 6TO avOpwmoyeveg Kot puoiko mepidirov (Posas,
2011; Wende et al., 2012). T'ivetan katavontd mwg 6Aa ovtd givol otoryeion Tov £xovv
dueon oyxéon He T @OOMN TOL TPOPANUATOC TNG KAMUOTIKNG OAAAYNG, OTMG avTod
TEPLYPAPNKE TPOTNYOLUEVAC,

H odnyla emonupaivet v avaykn vo Aoppfavovior vmoyrn  «KAyoTikol
TOPAYOVTES) Katd TN JeEaymwyn ¢ ekdotote peAétne. Ot mpodcpateg OPMG eEEMEELS
OTOV TOMED TNG EMITOKTIKNG TPOGOPUOYNG OTNV KALOTIKY OAAOYT, OTOTEAEGOV TNV
apempio yio g ovltnon o¢ mpog 10 Kotd wHG0, TOGO 0 UETPLICHOG, OGO Kol M
TPOGOPUOYN GTNV KMUATIKY 0AAayT Bo mpémel va avTikotonTpilovtal EVIovoTeEPE GTN
pebodoroyia kot to amoteréopata tov XMIIE (Posas, 2011). AkohovBwg, 1 EE, petagd
eVOG  OLVOAOL  OLOPOPETIKMOV  GLYYPOPEMY  KOL  OPYOVICU®V, OVETTUEE  E101KEG
KATELOLVTIPLES YPOUUES YIOL TNV EVOOUATOON TNG KAMATIKNG oAlayng o ZMIIE, oty
omoia dlepeuVAVTAL TAPAAANAQ Ol OeGpol HeETAlD TG OAAOYNG TOL KAIUOTOG KOl TNG
Brormowiromrag (EC, 2013; Posas, 2011).

To tehevtaio avtod keipevo g EE, «Guidance on Integrating Climate Change and
Biodiversity into Strategic Environmental Impact Assessment» (EC, 2013), éyet 1dwaitepo
evolapépov. Kadel tic ZMIIE mpog ek tov PAoewv ovadlapdpe®aot), TPOKEWWEVOD Vi
avtaneEEABoVY 6ToVg TOOVOVS, HoKPoTpdOesovg KIvdivoug mov B£TeL TO TOAVTAOKO,
OMWG AVAPEPETAL YOPUKTNPLOTIKA, TPOPANUA TG KAMpaTKnG aAlayng. To véo mhaiclo
010 onoio korovvton ot ZMIIE va Aertovpyncovy givol avtd g ovOEKTIKOTNTOG KOt 1|
mpotevopuevn pebodoroyio apopd GTNV TPOGUPUOCTIKN Oloyeipton. Xto TAOIGLO TV
XMIIE, ovtd onuoivel 01t 7mpémel va  yivel kotovontd TG To vmd  UeAET
TPOYPOUUR/CYESI0  KOAEITOL Vo AEITOVPYNOEL HECH GE IO OLVOUIKY, GLVEXMDG
eEelMooopevn meptPaiiovtikny katdotaon. Qg ek tovtov, N XMIIE npénet va Katavoel
TIG O10PKMOG HETAPAANOUEVES TEGELG TNG TEPIPOALOVTIKNG QTG KATAOTOONG GTO G010
KOl VO LETOAAAGGETOL KATAAANAQ, OOTE VO AVTATOKPIVETOL 0TO EKAGTOTE dedopéva. [
Vo TPOGEYYIGHEL TO TAPOUTAVED CKETTIKO TPOKTIKA, TOPEYOVTOL GTO 1010 KEILEVO Lo GEPA
Ao YEVIKEG KATEVOVVGELS, KATIYOPLOTOMUEVEG AVAAOYO, MOTE VO VTOTOKPIVOVTOL OTIG
TPOKANGELS TOV BETEL TO TOAVGHVOETO TPOPAN U TG KAMpatikng addayng (ITivaxag 1).
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ENVECON 214

Level of complexity

Time

1. H tpéyovca , Suvopiky KatdoTaon ToADTAOKOD GUGTIATOS

2a, 2b, 2c: AAMayég 610 TEPIPAALOV TOV GUGTNUOTOC UE AMOTEAEGHA TEGELS VIO OALOYT| TG KOTAGTOONG
Tov.

3. [IpoomdPeieg €vTOG TOV GLGTAUOTOS VO TPOGAPUOCTEL OTIG EEMTEPIKEG OALAYES TAPAUEVOVTOS OTIV
TPEYOLOO KOTAGTOON KOl ATOPELYOVTUS L0 KPioT).

4. Xaotkn @domn g ovénong tng mieong oto GVoTNUA, TO OToio dev givol TAEOV AELTOVPYIKO GTNV
TPEYOLGO KOTAGTOO).

5. Awpvidia yeyovoto Tov ecmteptkod 1 eEmTeptkoD TepPaiiovtoc, emtdyvvon g aAlayng (5).

6. Eapvikég xor Toyeieg ahldayés, to cvomnuo efglicceton oe Kvplapyn Kotebvven mpog o
TPOTIUMDUEVT], OALG SVGKOAN TPOPAEYIUN KaTAGTOON.

7 (1o véo 1). H véa povtiva 100 TOAOTAOKOV GLGTHKATOG,.

Y10 yKpt TAaiclo 1 Béon dmov Koleital va AAPel HEPOG O oYESAGUOS (TPOCAPLOGTIKY dlayeipton) doTe
vo avtameEEAOeL OTIG KPIGELG TOV VYIGTOTOL TO GUGTNLAL.

Ewova 1: H npocappoctikn dtoyeipion 6to mA0iGLo TG CUUTEPLPOPAS TOV TOAVTAOK®OV GUGTNHATOV
IInyn: Roggema, 2012. 16ia enelepyocia.

6. [Ipoc o Xrpatnywkn Illpocappoync yra tnv EALGSa

H EAMGSa, mapdro mov yopaktnpiletor 10104teEpa ELAAMTN AGY® NG YEOYPAUPIKNG TNG
B€omg Ko TNG EKTETAPEVNG OKTOYPOUUUNG TNG OGO 0pOPE TNV KAUATIKY] 0AACYT, OEV €XEL
EKTOVIOEL HEYPL OTIYUNG €BVIKN GTPATNYIKN Yl TN TPOCAPUOYN, OVTE EXEL TPOYXWPNGEL
og o agloAdynon TV KvoLV®V TOV GLVOLOVTL GUESH 1| KOl EUUECO LE TIG EMMTMOCELS
¢ (MinEnv, 2014). H Tpanela g EALGS0G, pe €ékBeon g 10 2011, Yo T1g emmtdoelg
™G KAPaTIKNG aAlayng otnv EALGda, kAnOnke va kodoyet Eva kevd. Tlapodia avtd, M
TPOKANON HOG EVIOHOG OTPUTNYIKNG TOPAUEVEL. ZOpeova pe pedétn tov OOZA, 1
EMLGda oviel 6Ty opado TV yopdv Tov oV Kot £(0VV aVoyVOPIGEL TV ovAyKn Kot TG
EVKUPIES Y10 TPOSAPUOYN OTNV KAUATIKY] 0AANYT, OVIHETORILOVV TPOG TO TOPOV TIC
TPOKANGES ou{NT®dVTaG o v YEVIKO EMMESO KOl YOPIG VO ovapEpovial GE
ovykekpléveg dpdoeig (OECD, 2006). Zoppova pe v 6m Avaxoivoorn g EALGdoG
npog v [poppateio g ZopPaocng IMiaico yio v Khpotiky AAlayn ot Bovwn, 1
éupaon eEarxorovbel va divetor 610 BEUA TOL HETPLAGHOD TOV EKTOUTMOV KOl AYyOTEPO
omv mpooappoyn (MinEnv, 2014). Avoaeépetor TG TO HETPO TPOGOPUOYNG OV
Bplokovtar oe €£EMEN amoteAoOV PEPOG €VOC €LPVTEPOL SIKTVHOL TV UETP®V TTOV
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1GYVOVV Y10 GUYKEKPIUEVEG TEPLOYES, OmOL gvtomilovtol To TpOTE onueia ().

Y. TNV EPNUOTOINGT, TNV AYPOTIKN TAPAY®YY], TA OAON, TIS TOPAKTIEG TEPLOYES, TOV
TOVPIGUO KAT). ALTH OU®G 1] CTOCUMOIIKY] OVTIUETOTION G€ KO TEPITTOOT dEV UTOPET
Vo AEITOVPYNOEL WG VITOKOTACTATO HOG KOAG GYESIIGUEVIG OTPATIYIKNG, 08 £0VIKO Kot
Tomkd eminedo.

Mivaxag 2: ZvpuPovAég yio Ty evooudT®mon e KMUaTikng oAlayng (ko e fromowiddotntog) otig TMIIE
Kvupieg mpoxioeic yro tnqv | Xopfoviég Yo TNV OVTIRHETOTION TOV TPOKAGE®V
gvoopdtoon g
KAMpoTIKNg aAlayns (ko
¢ promouiAdTnTog) 6T

YXMIIE
Moaxpoypoviog Kol | ATOQUYN OTOTIKOV Kot GTUYHoimv avaldcE®VY Kot
CMPEVTIKOG  YOPOUKTNPOS | LEAETN TOV TAGEMV LE 1] YOPIG TO TPOTELVOLEVO
TOV EMTTOCEOV TPOYPOLLLLOL.

AVAALGN EMATOGEDV TOV TPOTEVOLEVOL
TPOYPAUUATOG OTIG KVPLEG TAGELS TNG KALLOTIKNG
aAAOYNG KOl GTO GTOLYEID TTOV TIC EMNPEALOVV.
Towtdypovn HEAETN TOV KAADTEPOL Kol XEPOTEPOL
UEALOVTIKOV GEVapiov.

Avayvopilon TOV  omAOVCTELUEVOV TOPAOOYDV KOl
TV opimV TS SLVOTAG YVAOGCTC.

Apepoarétnra H apyn ™mg mpdAnyng og Baon twv tpotetvopeveov
opdoemv.

Etowomta ylo mpocappoctiky dtayeipion.

HoivmhokoTNTO KO GYEGELS
aLTioc-oTIaTon

I[Inyn: EC (2013)

M dAAN copporn, n €kBeon «Od1kdc Xaptng Yo v mpocappoy g EALGSag
otV KApotikn aArlayn» (E.KeILE.K. k.a.., 2011) wpoteivel Oeopikéc alhayéc kot pétpa
MOTE M YOPA Vo amokTHoEL deopenTikd EBvikd Zyédo Apdong, mov Ba fondnoet mpog
TNV TPOGOPUOYT. ZNUEUDVOVIONS TO POAO TOL YMOPOTAEIKOD GYESOCUOD OTNV OAN
dwdkacio, 1 €kBeon YopOKTNPIOTIKE OVOPEPEL: «KOTA T Ol0OIKACIO. EKTOVHONS TOD
XWPOTOLIKOD GYEOLAOTUOD EIVOL ATOPOITHTO Vo 0.LIOA0YODVTOL 01 UEALOVTIKOL KAyuoTiKOL
Kivovovolr (T.y. otig TOpPOKTIES (WVES, N OE TEPLOYES EVTODEIS 0 TANUUDPES) Kol Vo
01000VOedel TVOTHUOTIKG 1] EVVOLO, THS PLOGIUNG YWPIKNG AVATTOENS UE TIG OVOUEVOUEVES
pooiKeES uetofolés otov ELLadiko yawpo (w.y. eviovotepn Enpooio e oplouéves TEPLOYES,
TIPWTOTHTO. GALWYV TEPIOYDV TE PUOIKES KATOOTPOPES)». e ovtd TO onueio glvar mov
umopet va. evtomiotel o porog g EIMIIE, ¢ éva epyoieio dueco peAAOVTIKOD
TPOGOVATOMGHOV, 1KOVO VO GUVOVAGEL TOVG OTOYOVS KOU TIG OTPOATNYIKEG TOL
YOPOTOEIKOD GYESLAGHOD TNG YDPOS, LE TNV OVAYKN EKACTOTE TPOCOHPUOYNG TOVG OTIC
KMUOTIKES OAAOLYES.

IMvetal xotavontd, mmg akoue Kol otnv mepintwon ekmoévnong og Efvikng
2TPATNYIKNG, N TOUEAKN TPOGEYYIOT Kol O KUTAKEPUATIGUOG TMV GTOY®OV €lval SVGKOAO
va amo@evyfel. AAM®OTE TAVTO ATOTEAEL TPOKANOT 1 LETAPOPA TMV EMIGTNUOVIKMOV
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amortnoewv oty pdén. H EMIIE opwc, pe KatdAAnAn avadtopdpemaon g ota
mAaiolo TG OVOEKTIKOTNTOG KoL TG TPOGUPUOCTIKNG dlayeiplone, Umopel vo amoteAécel
Kvniple. dvvapun PBeAtioong Tov LIAPYOVIOS GULGTNUOTOS TPOYPOUUOTIGHOD Kol
GLVTOVIGUOV HETa&y TV vrebbuvov apydv ovvtaéng TOUENK®OV  TPOYPUUUATMV
(Bravtov, 2009) kot va kotevfhvel otadlokd ToV oYeoUd TPOS TNV OTOKTNGOT HLOG
VG KOWNG YAMOGOC, AUESO GYETILOUEVNG LLE TIG CUYYPOVEG ETIOTNHOVIKESG oval 1T OELG.
[Ipog avt ™V KatehBuven COUUOYO ATOTEAOVV Ol KOAEG TPOKTIKES TOVS EEMTEPIKOV.
Xapaxtnplotikd avaeépetor mowg oty OAlovoia, g yodpo pe HEYOAN eumelpio o€
Oépata meptParroviikng dayeiptong, o Oeopdc v EMIIE a&lomoteiton kot enekteiveTon
HE TN ONUIOLPYio KOTAAANA®V TOUENK®OV UEAETOV EMIMTOCEMYV, TOV OTPEXOVY TOV
oXEOOUO KO TIG TPOGTADEIEC TPOGOPOYNG OTNV KALUATIKY aAlayn (Swart et al., 2009).
EmumAéov, 10 OMavoikd National Environmental Assessment Agency eivol puo
aveEaptntn GLUPOVAEVTIKY] OPYAVMOY] TOV EKMOVEL TETOLEG UEAETEC OMOTEAMVTOS TOV
OmoPaiTNTO GLVOETIKO Kpiko pHeTad NG EMOTNUOVIKNG £PELVOG KOl TNG GOKNOMG
TOAITIKMV, OTOVTOVTOG 0 [t GAAN TpoKANon mov oe peydro Pabud aviyetomilel n
EAMGO0, 0vTh TOV ETGTNUOVIKA TEKUNPLOUEVOV Kot EvovveidnTa ektovnuévav XMIIE.

7. Zopmepdopato

Me Baon 1t Bedpnon TV TOAOTAOK®OV GLOTNUATOV KOTOUOEIKVOETOL OTL 1)
ae1POPog avamtuln, dev Ba Empene vo eKAAUPAVETOL MG OVTOTIKOG GTOYOG, OUPOV LITOPEL
vo vmhpéel kol péca amd TNV KAMPOTIKG OAAOYN HE pio vE, WU VIETEPUIVIOTIKA
TPOoOOPLOUEVT, HOPON. ZUVERMDC, Ol OPACELS OVAGYECNG TOL  (QULVOUEVOL TNG
KMUOTIKAG 0AAOYNG, ®G TPOG TNV ovOpOmOoyeEVr] ovvioT®oo Tne, 6Oa mpémel va
eumiovticbovv pe avtiotoleg mpocapuoyns o€ avti. ['a 10 okomd avtd omorteiton
a@evoc 1 a&lomoinon Twv GUYYPOVOV EMIGTNHOVIKMOV YVOGEMV, Ol OTOIES VITAYOPELOVV
[0 GTPOPN OTOV TPOTO HE TOV OMOI0 YiveTow avTIANTTOS 0 OYeSOGUOG, APETEPOL M
€0peon awtov Tov peBodoroykol kat Becpikod epyaieiov mov Oa petaPpdcel T yvoon
0€ TOMTIKN.

Yvvenmg, yio v EAAGO, addd Kot dAAeg xopeg, M TpoKAnon dev meplopileTan
ot Swpopemon Efvikng Ztpatnyikng yw v TPoGOpUOYH OTNV KAUOTIKY oAAoym,
oML emekTeiveTOl OTNV €VPECN EKEIVOV TV gpyareimv mov Ba avtamokpBodv oTic
OTTOTNGELG TNG TOALTAOKOTNTOG TOV TpofAnuaTog kot Oo Agttovpynoovy otn BAcn g
npocappootikng dwyeipiong. Ov EMIIE, avayvopilovior AOym ™G @OoNG TOVG MG
gpyareio kavad vo dadpopaticovy avtd Tov poro. Av aflomomBodv KatdAAnia, 1
EMnvicen Ztpoamnywn Tlpocappoyng etvor wovr va 1ebel oe  epappoyn dueoco,
AVASIALLOPPADOVOVTOS VTTAPYOVGEG ddIKAciEG Kot Ywpig v amaitnon va avalntnodv
Moelg ek véov. Evdwagpépov €xet oe emoduevo emimedo va efetaoctel M akpiPng
pebodoroyia Tov avadiapopeopéveov EMIIE, kabong kot va dapopembel - axpiprg
Oeopikn| oyéon EMIIE-Ztpatnykng Ilpocappoync.
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Abstract

The deployment of environmental friendly business practices is strongly related to the
principles of the sustainable development. An important stakeholder group that appears to
be prone to a company’s CSR actions is its customers. The aim of this study is to
examine the determinants that affect consumer perceptions towards CSR and especially
environmental friendly strategies, employing data from Athens, Greece. Results suggest
that consumers’ knowledge of CSR environmental actions of a firm positively affects
their purchasing habits. Consumer supports the environmentally responsible businesses.
Highly educated consumers are more prone to CSR environmental actions. However, the
results suggest that income of the consumer is not statistically significant factor for
consumers’ awareness and the preference towards socially responsible firms that
encompass environmental friendly actions. Finally, it is estimated that consumers who
prefer to buy products based on the environmental practices of the firm are women and
highly educated persons.

Keywords: Firms, CSR, Consumer Behaviour.

Etapukn Kowoviki] EvOovn: Ov avtiyeig TOV KOTOVEAMTOV Y10, TIG
TEPPULLOVTIKES TPUKTIKES TOV EMYELPNCEMV

Yravpomovrov A., Kootdkng I. & Xapdowavot E.

Xopororero Havemotiuio, Xyoin Hepipalioviog, Iewypapios & Epopuocusvaov
Owovopixav, Tunquo Owioxng Oucovouiog kor Okoloyiog, ElevBepiov Bevi{élov 70, ABnvo.
astauropoulou@yahoo.gr, ikostakis@hua.gr, esardianou@hua.gr

Hepitnyn

H avértoén olikdv mpoc 10 meplPdALOV  EMYEPNUATIKOV Opdoemv givorl oTeEVA
OLVOEOEUEVN UE TIC OpyES TG Procung avamtuéng. Ot KaTavoA®TEG amoTeAovV o
ONUOVTIKY opdda  evilopepopévemy mov emnpedlovion and 115 dpdoelg Etopikng
Kowwvikng Evbivne tov emyepricemv. O okomdG TG mopovoas HEAETNG sivoal va
e€etdoel TOVG TOPAYOVTEG TOV ETNPEALOVY TIC OVTIANYELS TOV KOTOVOAOTOV CYETIKA LE
T1g opacelc EKE kot dwitepa tig mepifarroviikd oilkég otpatnyikés. H eumelpikn
avéivon Paciletor 6€ SLUCTPOUATIKA SEGOUEVA OTMG TPOEKLY OV OO EpEvVa e delylal
KATOVOA®TOV otnv Tteptoyn g AOMvag. Ta gumelpikd amoteAEGUATO VTOONADVOLY OTL
o1 TEPIPAALOVTIKEG GTPATNYIKES TOV EMYEPNCEDV TOL AVOTTOGGOVIOL GTO TANIGLO TNG
EKE 710ug €yet Oetikd avtiktomo oty mpdbeon ayopdc TV KATAVOA®TOV Yo, TO
poidvta tovg. To amoTteAEGHUTO VITOINADGVOLY OTL TO EIGOONUA TOV KOTOVOAMTY OgV
amoTEAEL OTATIGTIKG CMUOVTIKO TOPAYOVTA YL0L TNV EVNUEPMCT] TOVG KOl TNV TPOTIUNOT
TOVG Y10 TPOIOVTO TOV TapAyovTal omd Kowwvikd vrevbuveg etanpieg. TéLog, extipdron
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OTL Ol KOTOVOAWTEG OV TPOTIHOLY va. oyopdlovv TpoidvTo pe KPLTnplo tnv
avantuén mePPoALOVTIKE PIAMK®V TpakTikdv oto mhaicto g EKE tov emyeipnoemv
etvat yovaikeg Kot ATopo e VYNAO LOPPMOTIKO EMUTEDO.

Aé€erg khewona: Emyeipnoeig, EKE, Xvunepipopd Katavorot.

1. Introduction

The deployment of environmental friendly business practices is strongly related to
the principles of the sustainable development. An important stakeholder group that
appears to be prone to a company’s CSR actions is its customers. There is a body of
research attempting to define what it means for a company to be socially responsible. The
most widespread definition of corporate social responsibility is that of Carroll’s pyramid
(1991). Carroll (1991) stated that social responsibility of business encompasses four
dimensions in the following decreasing order of importance, namely: economic, legal,
ethical and philanthropic responsibilities. An extension of Carroll’s concept that captures
the environmental dimension of a company’s social responsibility is that developed by
European Commission (2001). Similarly, Mohr et al. (2001) and Rathin et al. (2011)
mentioned that corporate socially responsible behaviours include a broad array of actions
aimed at minimizing damage to the environment. Consumers’ perception of a company’s
environmental performance is supposed to positively influence intended purchase
behaviour (Grimmer and Bingham, (2013). Companies, however, focus on the core
stakeholders (Oberseder et al., 2013) and consumers are not aware of environmental
activities adopted by them (Singh et al., 2008).

The bulk of the research attests that there is a positive influence of CSR actions
on financial performance of the companies. In this context, most of the studies focused on
the fact that companies that publicize their socially responsible actions can positively
impact consumers’ purchase behaviour (Sen and Bhattacharya, 2001; Wigley S., 2008;
Marquina P. and Morales, 2008; Groza et al., 2011, Rathin et al., 2011 and Tian et al.,
2011). However, the influence of CSR on consumers’ decision process is complex and
differentiates between intention and actual behaviour. More specifically, Tian et al.
(2011) found the awareness of socially responsible actions had a significant positive
effect only on consumers’ purchase intention. Mohr et al. (2001) also confirmed that only
a limited segment of consumers thought as a purchasing criterion whether the product
was made from socially responsible companies. Similarly, Gupta and Hodges (2012)
concluded that price and quality of the product was much more important purchasing
criterion rather than whether the product was made under CSR conditions. Finally,
Papadopoulos et al. (2011) indicated that Greek consumers should be convinced about
the sincerity of the CSR policies to behave positively. However, CSR practises may
affect indirectly the company’s financial performance (Wigley, 2008). Consumers’
studies suggested that CSR activities generated a competitive advantage to the company,
through brand loyalty and differentiation (Luo and Bhattacharya, 2006; Marquina and
Morales, 2008 and Stanaland et al., 2011), influenced corporate reputation and trust,
through advertising (Bhattacharya and Malani, 2013; Oberseder et al, 2013) and
consequently benefited product sales (Bhattacharya and Malani, 2013).
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Consumers believed that rewarding companies that adopt CSR activities
could be a motivating factor for other companies to be more socially responsible (Gupta
and Hodges, 2012), were more willing to purchase products from companies that care
about society (Sen and Bhattacharya, 2001; Grimmer and Bingham, 2013) and pay more
for them (Gupta and Hodges, 2012). However, Bhattacharya and Malani (2013)
concluded that the minority of the respondents were prone to pay higher prices for
products of socially responsible companies. In the same context, Gupta and Hodges
(2012) pointed out that although consumers were willing to pay more, they disagreed
about the amount of charge and though that it was not right for them to pay for CSR
activities. Contrary, it is estimated that if the price and the quality of two products were
the same, consumers would buy from the company that act in an ethical and socially
responsible manner (Maignan, 2001; Singh et al., 2008).

Several empirical studies had been conducted to measure consumers’ awareness
toward a company’s CSR actions (Maignan, 2001; Mohr et al., 2001; Singh et al., 2008;
Lee and Shin, 2010; Rathin et al., 2011 and Gupta and Hodges, 2012). All these studies
highlighted the need for more communication of CSR practices. In particular, consumers
declared that they had a difficulty to understand the concept of CSR (Singh et al., 2008
and Rathin et al., 2011) and lack of awareness or low level of awareness is confirmed to
be major barrier to positive attitudes and purchase decisions toward a socially responsible
company (Maignan, 2001; Lee and Shin, 2010 and Gupta and Hodges, 2012). Lack of
awareness is attributed mainly to difficulties obtaining information on the social
responsibility actions of a firm (Mohr et al., 2001) which could lead to a higher level of
purchase intention (Maignan, 2001). As Bhattacharya and Sen (2004) confirmed,
consumers evaluated better a company when provided with information about its CSR
record.

Limited studies have been conducted on the demographic characteristics of
consumers who respond positively to CSR activities. Results indicated that that women,
higher-education, and higher-income groups are more supportive of company’s socially
responsible actions (Youn and Kim, 2008). Carrigan et al. (2004) found that older
consumers are more likely to purchase products taking into account ethical issues,
whereas Tian et al. (2011) concluded that consumers with a middle level of income and
age would be more supportive of a firm’s CSR practices.The current research examines
CSR from the consumers’ perspective, focusing on environmental dimensions of a
socially responsible company. The aim of this study is twofold: (i) to examine the
demographic determinants that affect consumers’ awareness of company’s environmental
responsible action and (ii) to estimate the socioeconomic profile of the consumers who
prefer to buy products/services from companies that encompasses environmental
activities in their CSR plan. For the purpose of the study, we carried out an extensive
survey of 500 consumers in Athens in 2013. The survey was based on a questionnaire,
which was administered using face-to-face interviews with each consumer. We chose
consumers because we expect that by understanding consumer attitudes to CSR
environmental dimensions, companies can not only develop appropriately their marketing
campaigns but also adopt sustainability patterns.
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The structure of the paper is the following. The next section presents the
data and the adopted methodology of the analysis. Then the empirical results derived are
presented and discussed. The last section concludes the paper and present policy
implications of the analysis.

2. Data and Methodology

The research presents some insights into the determinants that affect consumers’
attitudes towards CSR, focusing on environmental friendly actions. Data for the current
research were obtained from a random sample of 500 consumers. The survey took place
from April to June 2013, in the area of Athens, using an anonymous structured
questionnaire. The questionnaire consisted of two sections: The first section included
closed type questions on demographic and economic characteristics of the consumers
such as gender, age, educational background and monthly private income. In the second
section, consumers were asked to describe their attitudes towards firms that adopt CSR
actions aimed at environmental protection.

Empirical results are based on the estimation of logistic regression models.
Logistic regression is used for predicting the probability of an event occurring by fitting
data to a logit function. In our case, under the binary logistic model, the estimated value
of the dependent variable is interpreted as the probability that a consumer is aware of a
socially responsible company targeting environmental protection, as identified by the
values of the explanatory independent variables. Therefore, in the empirical study, we
employed the following expanded specification for a consumer’s awareness of a
company’s socially responsible activities targeting environmental protection:

Logit[Pr(Y =1)] = B, + B,gender + p,age + B,age2 + [,education + fiincome + [envir

+ Biicsr+ ¢, (1)
where Y is a binary variable indicating whether the consumer is aware of a company that
adopts corporate environmental responsible activities or not; specifically, the variable
takes the value 1 when the consumer is aware of corporate environmental responsible
activities and zero otherwise. gender; is a dummy variable accounting for 1 if the
respondent is female and zero if male; age is the consumer's age; age2 is the square of the
consumer's age; education is a dummy variable accounting for 1 if the respondent has
completed graduate studies and zero otherwise; income is the consumer's monthly private
income in euros; envr is a dummy variable accounting for 1 if the respondent participates
in environmental friendly actions; icsr is a dummy variable accounting for 1 if the
consumer has previously sought information on CSR dimensions and ¢; is disturbance
term. The empirical results from the estimation of Eq. (1) are presented in Table 1 in the
next section of this study.

Next, an ordered logistic regression model is estimated to predict the level of
agreement regarding the statement “I prefer to buy products/services from companies that
encompasses environmental activities in their CSR plan” (Answers: Disagree, Neutral,
Agree). The general specification of the proposed model is:

y: =y, + y,gender + y,age + y,income + y,exmoney + y.education + y envir @)

+ y,advertisment + y, price + y quality + ygicsr + &,
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where y,is the latent variable measuring the level of consumer’s preference

toward companies that encompasses environmental activities in their CSR plan; exmoney
is a dummy variable accounting for 1 if the respondent is willing to pay more for
products from a socially responsible company given that price and quality is equal and
zero otherwise; advertisement, price and quality are qualitative variables that express the
importance of choosing products under the specific criteria. The empirical results from
the estimation of Eq. (2) are presented in Table 2 in the next section of this study.

3. Results

In this section we present the results of the statistical and econometric analyses to
estimate the determinants that affect consumers’ attitudes toward corporate
environmental friendly practices. From the sample of 464 consumers in question, 60.1%
were women and 39.9% men. Most consumers had completed secondary education
(45.7%), 33% were university-educated and 16.8% had a master degree. As regards their
age, most respondents were between the ages of 30 and 40 years (32.6%); 22.8% were
between 18 and 25 years, 78.6% between 41 and 50 years and the rest above 50 years.
42.0% of consumers were married. The consumers’ average monthly private, non-
property-related, income was €740.00. The income of 25.0% of consumers varied
between €750 and €1.000 and 33.6% of consumers’ declared income no higher than
€500. However, 14.9% of consumers declared having an income above €1250. A 47.6%
of the respondents reported that they were aware of socially responsible enterprises that
operate in Greece and 35.1% could name a socially responsible company aiming at
environmental friendly practices. From the sample of consumers in question, 21.3% had
previously sought information on CSR dimensions. As for the perceived level of
communicating CSR activities, only 7.5% of consumers replied that totally agree with the
statement “There is sufficient information about the socially responsible actions of a
company”, whereas 35.3% replied “disagree” and 24.6% “totally disagree”.

The majority of the respondents (53.9%) participated in environmental friendly
actions and 70.9% strongly believed that companies should adopt environmental friendly
production practices to minimize the environmental damage they cause. Consumers were
asked about their buying habits toward products which were made from companies that
encompass environmental activities in their CSR plan. Regarding the question “Can
you tell us, how important is the following criteria for choosing a product” the majority
of respondents (73.1%) reported that price is an important (38.6%) or very important
(34.5%) criterion for choosing a product and 38.3% replied that advertising is less
important criterion. In addition, about half of the consumers (45.9%) answered that
product quality is a very important buying criterion and only 1.1% answered that quality
is not important at all. Almost one out of two (53.9%) of the consumers did prefer to buy
products of services from a socially responsible company targeting environmental
protection, 31% of the respondents were neutral and the rest disagreed with that option.
Finally, 57.8% of the consumers were willing to pay more for products made from a
socially responsible company given that price and quality is equal.

Several interesting results were obtained from the empirical estimation of Eq. (1)
and (2). Table I presents the results of the fitted binary logistic model with respect to
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consumer’s awareness of a company’s socially responsible activities focusing on
environmental protection. The results of the fitted ordered logistic model with respect to
the level of consumer’s preference toward companies that encompasses environmental
activities in their CSR plan are presented in Table II

As follows from Table I, the variable “income” is statistically insignificant.
Contrary, the variable “age” is statistically significant at a 1% level. In particular, the
coefficient of “age” is 0.16 and the relative risk of this particular variable is 1.174, which
implies that the corresponding percentage change is 0.174. This means that in relation to
age the odds of consumers’ awareness toward a company’s environmental responsible
activities increase by 17.4 per cent ceteris paribus. Given the estimated coefficient of the
variable “age2”, consumers’ awareness of corporate environmental responsible actions
reaching a maximum at 40 years of age

o(b"AGE"+b," AGE2")
a n AGE n

=b +2b,"AGE"=0.16+2%*(-0.002)*"AGE" =0

A similar result was reported by Tian et al. (2011). In the case of educational level,
result implies that the corresponding percentage change is 0.934. This means that in
relation to highly educated groups of consumers the odds of consumer’ awareness to CSR
actions focusing on environmental protection increases by almost 0.934 per cent all other
remaining fixed. In case of “gender” results imply that women rather than men have
increased probability by almost 27.1% to be aware of companies that adopt
environmental responsible activities, ceteris paribus. These results are in line with those
by Youn and Kim (2008) whose research indicated that women and higher-education
groups are more supportive of company’s socially responsible actions. Similarly, the
odds of consumers’ awareness of environmental friendly companies increase by 0.284
and 2.525 in relation to consumers’ general eco-friendly attitudes and past information
about CSR dimensions, respectively. Both, “envir” and “icsr” are statistical significant at
a 1% level.

The Nagelkerke R square which is a measure of predictability of the proposed
model is equal to 0.207. The log likelihood statistic is quite high, rejecting the null
hypothesis and concluding that at least one of the estimated coefficients is different from
zero. Finally, the Hosmer and Lemeshow value equal to 4.12, with significance equal to
0.721.

The parameters of the ordered probit model were estimated by maximum
likelihood estimation. Estimation results are shown in Table II. First, the main focus of
this discussion is the interpretation of the statistical significance of the independent
variables. The changes in the probability levels of the dependent variables are also
estimated, which provides an interpretation of the substantive effect of the independent
variables. This allows one to interpret changes in the probability of the agreements levels
for a change in a given parameter, relative to the reference case. As shown, in the second
column of Table II, in the case of consumer’s socioeconomic variables, all the variables
are statistically significant in 0.01 levels, other than income.
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Table 1: Estimated binary logistic regression of consumer’s awareness of a
company’s environmental responsible activities (yes: 1 no: 0)

Independent variables Estimated Coefficients | Odds Ratio o1
4.62%**
Constant (4.24) - -
0.24**
gender (2.10) 1.271 0.271
0.16%**
age 2.77) 1.174 0.174
-0.002%**
age2 (-2.72) 0.998 -0.002
. 0.66%**
education (2.83) 1.934 0.934
. 0.26
income (0.23) 1.297 0.297
. 0.25%**
envir (2.70) 1.284 0.284
. 1.26%**
1cst (5.01) 3.525 2.525
Log likelihood -260.821
Nagelkerke R* 0.207
4.12
Hosmer and Lemeshow (0.721)

Note: *** ** represent levels of significance at 1% and 5%, respectively. Z statistics
are presented in parentheses.

Similarly, the variables ‘“advertisement” and “price” are not statistically
significant. In particular, results imply that an increasing positive correlation exists
between level of agreement to prefer products of environmental responsible firms (called
thereafter: PERC) and age profile. Each addition year of age is associated with 5.5%
(OR=1.055) increase in the odds of reporting agreement in relation to PERC, when all
other values held constant. Females are more likely to prefer buying PERC compared
with men. The odds of reporting preference to PERC are 1.64 times greater for female in
comparison to men. Further, an increasing positive correlation exists between level of
agreement to buy PERC and educational attainment. This means that in relation to highly
educated groups of consumers the odds of agreement to buy PERC increase by almost
12% (OR=1.123) all other remaining fixed. Similarly, the odds of consumers’ agreement
to buy PERC are higher by 2.256 and 1.46 times in relation to consumers’ general eco-
friendly attitudes and past information about CSR dimensions, respectively. Further, an
increasing positive correlation exists between level of agreement to buy PERC and the
importance of quality as a purchasing criterion. Finally, consumers’ who are willing to
pay more for products from a socially responsible company, given that price and quality
is equal, are more likely to prefer buying PERC rather than non-willing consumers. The
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odds of reporting agreement to buy PERC are 3.59 times greater for persons who
are willing to pay more for products from a socially responsible company, given that
price and quality is equal, in comparison with others, ceteris paribus.

Table 2: Estimated ordered logistic regression of consumer’s preference to buy products
from environmental responsible companies (disagree: 1, neutral: 2, agree=3).

Independent Estimated Odds Ratio Marginal Effects
variables Coefficients Disagree Neutral Agree
0.494***
gender 2.17) 1.639 -0.023 -0.098 0.121
0.0538***
age (4.52) 1.055 -0.0024 -0.011 0.0132
income -0.0002 0.999 0.0001 0.00004 | -0.00005
(-0.87)
exmone 13747 3.590 -0.071 -0.257 0.328
y (5.93) . . . .
. 0.641%**
education (2.87) 1.123 -0.005 -0.023 0.028
. 0.814%**
envir (3.41) 2.256 -0.0430 -0.157 0.199
advertisement 0.116 1.898 -0.031 -0.126 0.157
(0.81) . . . .
. 0.166
price (1.28) 1.180 -0.007 -0.033 0.041
. 1.492%%*
quality (10.78) 4.444 -0.066 -0.299 0.365
. 0.383%%**
icsr (2.48) 1.467 -0.017 -0.076 0.094
cutl 5.7518
- SE: 0.8645
8.4701
_cut2 SE: 0.9284
Log likelihood -299.46
Pseudo R” 0.34
. 308.37
LR chi2 (0.000)

Note: *** ** represent levels of significance at 1% and 5%, respectively. Z statistics presented in parentheses.

The marginal effects show that women are more likely to prefer to buy PERC than men.
Similarly, being highly educated, well informed about CSR actions and eco-friendly
consumer increases the odds of reporting agreement to buy PERC and decreases the
probability to report disagreement.
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Table III presents the predicted probabilities of Y for each category when all
explanatory variables are set to their mean value. So, for all average values, the
probability that a consumer is disagreeing to prefer buying products from environmental
responsible companies is 4.7%, to be neutral 38%, and agreeing 57%.

Table 3:. Predicted probabilities for Y (disagree: 1, neutral: 2, agree=3).

Predictions for Y

0
Estimated Coefficients 95% Confidence Interval

Pr(y=1x): _ 0.0468 [0.0280, 0.0656]
Pr(y=2|x): _ 0.3798 [0.3208, 0.4389]
Pr(y=3x):  0.5734 [0.5113, 0.6354]

Variable [gender| age | income |exmoney [education| envir [advertisement|price|quality| icsr

X= 0.601 46.27 742.86 | 0.575 0.692 [0.707 2.638 3.028] 2.905 [0.562

4. Conclusions

This paper has focused on providing insights into which factors affect consumers’
awareness and preference toward products and companies that adopt socially responsible
activities aimed at environmental protection in Athens, Greece. For this purpose logistic
regression models were estimated to identify the socioeconomic profile of the consumers
that are prone to buy products that were made from environmental responsible
companies. The empirical results suggest that middle-aged people and women are more
likely than others to be aware of a company’s CSR actions targeting environmental
dimensions. This study also shows the importance of environmental awareness in the
preference to buy products from environmental friendly companies. In particular,
environmental awareness is strong, statistically significant, factor that positively affect
consumers’ agreement as a buyer of CSR environmental products. Further, it is estimated
that income is not a predicted variable of awareness of corporate environmental friendly
strategies. The same hold for the case of purchasing habits for products that are made
from socially responsible companies.

It is important for enhancing sustainable development that consumers consciously
adopt sustainable consumption lifestyles. As consumers become more sustainable
consumers, the negative impact of their choices on environment is minimized. In this
context, investigating the socioeconomic profile of consumers would have multiple
useful economic and environmental policy implications. In particular, in the business
sector, entrepreneurs could expand their market share by focusing their advertising
campaigns about CSR environmental actions on those less CSR positive consumers. On
the social level, if companies realize the motives of producing products under
environmental friendly conditions, can not only improve their financial performance but
also contribute to environmental protection. However, further research is needed to
achieve this goal. Specifically, this study provides information that retailers and
marketers can use when seeking to connect with consumers in Greece via CSR
environmental activities. However, there must be an emphasis on the various aspects that
form a CSR environmental friendly buying attitude or level of awareness rather than
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relying solely on self-reported intentions on the part of consumers. An -0 2014

understanding of consumer choices of CSR at the firm level is important in the
development and implementation of successful CSR programs and enhancement of
sustainability.
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Abstract

During the last two decades, a new business philosophy and an innovating way of
operating has grown of great interest and has been an issue of vital importance, both in
the business world and in academia. This concept is known as Corporate Social
Responsibility (CSR). The purpose of this paper is to investigate how students perceive
CSR and its added value concerning the environmental management and protection. For
this purpose, a field research has been conducted, addressed to students of Greek Higher
Educational Institutions. Some of the findings derived are that there are differences in the
perception of CSR and also a significant percentage of the sample connects CSR
practices with the environmental protection. Furthermore, it has been noticed a surge for
change and implementation of CSR subjects from the part of Higher Educational
Institutions. Finally, certain proposals have been made from the students’ part so as to
help future generations preserve and protect the environment.

Keywords:  Corporate Social Responsibility (M14); Sustainability (Q56); Higher
Education (123).

1. Introduction

During the last decades, there has been a continuous growing interest in a new
business philosophy, known as Corporate Social Responsibility (CSR) (Dam &
Scholtens, 2007; Becchetti et al., 2005; Beltratti, 2005; Hancock, 2005). Organizations of
the corporate world but also Higher Education Institutions (HEI) have embraced CSR and
also to a large extent, HEI have introduced courses concerning CSR and business ethics
in their curriculum. The main reason was because they have identified the need and the
importance of proper students’ education on social, ethical and environmental issues, so
they are equipped with the necessary knowledge, perceptions and behaviors for their
careers.

However, the question that emerges from the above is whether the Greek reality has
followed or has adopted the corresponding actions. Due to limited-minimum Greek
literature that exists on CSR and Higher Education, it is almost impossible to conduct
reliable and valid conclusions about Greece. Thus, it was imperative a study to
investigate the matter in Greek HEIs.
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2. Define CSR

Despite the fact that the term of Corporate Social Responsibility is contemporary, its
concept and content exists from centuries ago. The roots of Corporate Social
Responsibility can be traced in the depths of time. Corporate responsibility is diffused
through the centuries and took various forms and names such as donation, sponsorship,
charity and cooperation (Mueller, 2009; Smith, 2003; Carroll, 1999; Fitch, 1976; Garriga
& Mele, 2004; Sohn, 1982; Gray, 2001; Rahman & Momin, 2009; Gray, 2002; Mathews,
1997; Owen, 2008; Parker, 2005)

Nowadays, the meaning and content of CSR is complex (Amaeshi & Adi, 2007;
Okoye, 2007). There are plethora definitions about CSR and it is common phenomenon
that many of them are contradictory towards certain issues (Van Marrewijk, 2003).The
most widely used and commonly accepted definition is that of the European Commission
(2011) that defines Corporate Social Responsibility as “the responsibility of enterprises
for their impacts on society”. Furthermore, to fully meet their social responsibility,
enterprises “should have in place a process to integrate social, environmental, ethical
human rights and consumer concerns into their business operations and core strategy in
close collaboration with their stakeholders” Therefore, there is a direct and interactive
relationship between CSR and environmental protection and management.

3. CSR and higher education

Corporate Social Responsibility is not only a theory and an idea but it has been
discussed in the literature for more than half a century (Davis, 1973). But in the recent
years the concept of CSR has come in academia and in other disciplines (Dentchev,
2005). The need of CSR started from the 1970s, which can be characterized as a period of
"moral crisis." At that period, business education was delivered in a way that emphasized
the economic and not the relational implications, giving special attention to short-term
profits so that organizations would be profitable, regardless of the consequences on the
environment and society. Therefore, the fact that there was a focus on financial concerns
and students were educated in individualistic ethics, emphasizing self-interest and
materialistic gain. Environmental problems such as climate change, consumption
patterns, and environmental degradation have been underrepresented by traditional
environmental education (Huckle, 1999; Gough & Scott, 1999; Ghoshal, 2005; Pfeffer,
2005; Giacalone, & Thompson, 2006).

As everyone realizes, scandals and the lack of moral and interest for environmental
protection were at their peak. Thus, the academic community reacted and started to
change way that education was being delivered because they have observed that through
moral attitudes and behaviors, organizations would achieve maximize profits. So, HEI
worldwide have alter their way of operation so that the future workforce would be proper
educated and to implement basic principles in business operational activities (Hartman &
Hartman, 2005; Rossouw, 2002; Sims & Brinkmann, 2003; Sims, 2000; Weber, 1990)

Thus, the academic community has introduced courses concerning business ethics and
environmental management in the curriculum. The result of this movement is that
business ethics has experienced exceptional boom in the field of Higher Education and
similar courses became more well-known and attractive at both undergraduate and
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postgraduate level. Christensen et al (2007) observed that 42% of the best MBA
programs have incorporated courses on CSR (Salmaus, 1987; Vogel, 1987; Christensen
et al, 2007).

Numerous articles have been written about CSR education in Higher Education and
they focus on how CSR is integrated into academic curricula and the way that is
incorporated in universities (Alvarez & Rogers, 2006; Bradbury, 2003; Down, 2006;
Fien, 2002; Kevany, 2007; Lourdel, 2007; Moore, 2005; Posch & Steiner,
2006).Throughout the academic filed, a lot of universities have introduced courses in
their curriculum regarding the environmental protection, environmental ethics, social
responsibility and many more. An indicative example of what is happening throughout
the globe are universities in China (Niu et al, 2010), in Russia (Lindroos, 2001), in
Jamaica (Down, 2003, 2006) along with Austria and Sweden (Anderberg et al, 2009).

Many HEI sectors and departments have implemented CSR. Illustrative examples of
such departments are mechanical engineering, information technology, architecture,
tourism, etc. (Fien, 2002; Down, 2006; Wright, 2003). Also, International Schools of
Business Administration have begun to implement social, responsible initiatives to
educate future leaders, managers and employees in order to prepare them to face
environmental, social and economic systems throughout their careers and crucial issues
around these areas (Deale et al, 2009; Elkington, 1998; Savitz & Weber, 2007; Stubbs &
Schapper, 2011).

Moreover, there have been extending discussions about whether CSR should be taught
as a separate course in the curriculum or if you need to create a new program that will
support the basis of the concept and content of CSR (Christensen et al, 2007; Rusinko,
2010). The most interesting thing is to investigate whether or not, the same thing is
happening in Greek universities and other institutions of higher education.

4. CSR educational importance for students

Organizations along with universities have an obligation towards society and the
environment (Alshuwaikhat & Abubakar, 2008; Haden et al, 2009). There is no
institutional framework or strategy that obligates academic institutions to promote and
introduce education on Corporate Social Responsibility. However, there are some
initiatives and declarations such as the United Nations and the European Union
concerning the dissemination of CSR in academic field. There have been mapped such
actions like the Declaration of the United Nations' Decade of Education for Sustainable
Development (DESD) 2005-2014 which indicates the opportunity for Higher Education
Institutions to promote education and awareness for a sustainable future. Also another
similar action is the United Nations Conference on Environment and Development
(1992), which proclaimed the promotion of education, information society in Social
Responsibility.

Several international conventions and protocols have been made in order to face
environmental and sustainability issues. We can point out the most important of them,
such as the Montreal Protocol on substances that deplete the Ozone Layer (1987), the
United Nations framework convention on Climate Change (1992), the Kyoto Protocol to
the United Nations framework convention on Climate Change (1997), the Convention on
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Biological Diversity (1992), the Cartagena Protocol on Biosafety to the
convention on Biological Diversity (2000), and the Stockholm convention on Persistent
Organic Pollutants (2001). In general, there can be found more than 400 agreements on
environmental issues.

However, because of the fact that in most countries there is no institutional framework
that requires agencies to be more responsible, all best practices and actions have been
performed in means of voluntary initiatives. The same also applies in the case of Higher
Educational Institutions. A survey by Nejat et. al (2010) shows the effects and benefits of
CSR integration for the top 10 universities worldwide. The education provided focuses
on vital CSR issues such as transparency, reliability, human rights, labor rights according
to norms and laws, the protection and preservation of the environment, etc. (Nejat et al,
2011)

During the economic and ethical crisis, environmental protection’s awareness
becomes more and more necessary for students (Knights & O’Leary, 2006; Sims &
Felton, 2006). Shareholders expect from all kinds of organizations to implement, perform
and formulate social and environmental criteria and not only economic efficiency
(Mitchell et al, 1997). For these reasons, it is imperative that the students’ education on
issues regarding CSR is critical so that they have the necessary knowledge, skills and
abilities to cope with the changing market needs. Institutions of Higher Education have a
very important role to play. They should investigate the needs and market trends and try
to adapt their curriculum properly so as to provide the necessary knowledge to academics
but also to shape an appropriate behavior and culture on social, environmental and ethical
responsibility.

HEI staff and especially professors should provide to academic citizens, not only the
skills and training they will need in their careers but they should make them understand
how crucial and vital is decision making within an organization. Every wrong and right
decision made has its own impact in. Students are going to be future managers, CEOs and
future employees in general and there are going to be responsible for the shaping of
business principles, values, policies and strategy which should be sustainable, socially,
ethically and environmentally responsible (Lamsa & Sintonen, 2001).

5. CSR in the Greek higher education institutions

A very encouraging fact is that Greek HEI have introduced courses concerning
business ethics, environmental management and CSR into their curriculum, following the
trends and needs at an international level. The initial step was made mainly by Greek
Schools of Economics and Business Administration, which have implemented courses,
first in post-graduate level and then in undergraduate level. Some indicative examples of
Greek HEI are demonstrated in the next table:

The main question that arises is if the introduction of these subjects has contributed to
environmental protection in Greece and if Greek HEI’s students have altered their way of
thinking and operating. To reach to a conclusion, a survey was conducted from an
indicative sample of Greece HEI’s that have implemented courses about CSR.
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Department HEI Course Educational
level
Business T.E.L of Central | Business Ethics and CSR | undergraduate
Administration Macedonia
Business Eastern Macedonia and | CSR undergraduate
Administration Thrace  Institute  of
Technology
Business T.E.L. Athens Business Ethics and CSR | undergraduate
Administration
Administration ~ of | T.E.I. Athens Environmental undergraduate
Health Units and Management and Public
Welfare Health
Business University of Piraeus Business Ethics undergraduate
Administration
Marketing and | Economic University of | CSR postgraduate
Communication of | Athens
New Technologies
Human  Resources | Economic University of | Internal Communication | postgraduate
Management Athens and CSR
Accounting and | University of | Action Plan for the | undergraduate
Finance Macedonia Development of CSR”,
Marketing and | University of | CSR undergraduate
Operations Macedonia
Marketing
Communications, Panteion University Social Issues and | undergraduate
Media and Culture Business Practices” along
with “Business Ethics”
Accounting and | Economic University of | Business Ethics undergraduate
Finance Athens
Marine and Business | Aegean University Business Ethics undergraduate
Studies
The National Technical | Environment and | undergraduate
Metsovion University Sustainable Developmen
Civil Engineering Aristoteleion University | Environmental Protection | postgraduate
of Thessalonica and Sustainable
Development
International and | Panteion University Environmental postgraduate
European Studies Governance and
Sustainable Development
Environment Aegean University Environmental  Policies | interdepartmental
and Management graduate
6. Research

The research took place during April - December 2013 from various Schools of
Business Administration of the Greek Higher Educational System but our sample was
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mainly from TEI of Athens and the University of Piraeus. The program used for
data processing was the statistical program SPSS17.0 and the analysis presented below is
used the descriptive statistics. The survey involved 220 students, of which 76 individuals
were male (34,5%) and 144 were female (65.5%).

The respondents were asked if they have knowledge of CSR meaning. 87.7%
answered positively, while only 12.3% responded negatively. Also, 41.5% of them knew
the meaning of CSR from their educational institution. These findings are particularly
interesting because students seemed to already have a first contact of this new way of
business operation and Greek HEI have contributed to this fact by introducing courses
about CSR.

Furthermore, 96% of the sample believes that CSR is one of the most important
subjects for their academic and professional development and 90.4% supports that CSR
courses have helped them in the development of responsible behavior. It is remarkable to
note that 93.7% of the sample argues that a key aspect of CSR is environmental
perception while 97.7% states that CSR relates directly to environmental protection.
Therefore, it is observed that CSR is a philosophy which emphasizes on the responsibility
to society and on the protection of the environment and it contributes to Sustainable
Development. Students do not consider CSR as a way or tool whereby the organization
will achieve increased profits and profitability as its primary purpose.

Additionally, students were asked for what reason CSR concerns them and the
results show that in the vast majority, 97.7% of them believe that as the future human
resources, they should have sensitivity to social and environmental issues.

Finally, students were asked to give their personal opinions and proposals on how
Greek Higher Education Institutions can contribute to environmental protection. The
main recommendations that were made is the introduction of CSR courses in the
curriculum so that academic citizens will shape a proper perception towards CSR and
also this perception will be transmitted to academic staff and professors so that,
gradually, the new philosophy is going to be applied by HEI operations. Also, students
consider that HEI should implement control energy use as well as the implementation of
environmental management systems (ISO, EMAS etc). An additional recommendation is
the commitment of HEI for recycling and the use of recycled materials in every activity.
Moreover, students suggest the planning of informative events and actions for the
protection and restoration of the environment (volunteering, planting, etc) inside their
university so as to inform all the academic society about the eco-friendly policies.
According to the sample, these recommendations will contribute in a large degree to the
integration and adoption of responsible and environmental-friendly behavior, oriented to
CSR throughout the academic community.

7. Conclusions

Investigating the global literature in depth, it is worth to be mentioned the strong
correlation between the concept of CSR and the environmental protection. The need of
CSR philosophy was emerged mostly after the 70’ in order to confront crucial issues such
as environmental scandals, the Climate Change, the Ozone Layer, the protection of
biodiversity and to constrain the environmental degradation. Thus, Higher Education
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Institutions introduced subjects concerning Business Ethics, then Sustainable
Development and nowadays CSR, in many academic fields but mostly in Business
Administration, first at undergraduate level and then at post-graduate level so as to
introduce and promote environmental ethics.

Greek HEI have followed the international trends and have implemented CSR courses
in their curriculum so that they will educate the current generation about this concept.
The survey conducted presents that almost our entire sample new the meaning of CSR
and half of them from their educational area. Furthermore, they state that CSR courses
are very important for the shaping of eco-friendly behavior and environmental protection.
For them, it is more than just another subject but a way of completely altering their
existing way of performing and decision making. They argue that CSR is not an issue that
concerns the corporate world but it is a greater idea that everyone has to embrace.

Some of the limitations of the survey were the small sample and the few participated
HEI Mainly, it involved two Greek Higher Education Institutions, both in Business
Administration area). In the near future, the survey is going to be extended in more Greek
HEI, so that more reliable data and results will be derived, presenting the actual condition
in Greece. Moreover, it is going to be investigated the proportion of students that are
willing to get employed in organizations that perform CSR actions, conduct sustainability
reports or CSR reports and have embraced the concept of CSR. One final field of
investigation is whether students will prefer postgraduate programs about CSR and if
they believe that they are going to be value-added in their business career. The
encouraging fact is that CSR is well-accepted for both students and Greek HEI and is an
idea and philosophy whose time has come.
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