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H eknovnon g mapovoag ddaktopikng dwutpiprg Eekivnoe tov lavovdpilo tov 2005
Kol oAokANp®ONKe Tov lavovdpro Tov 2008.

Exmovinke amd v Aquntpa BovBaxn, vroynoewe Awdktopo tov Turupatog
Owovopkov Emomuav tov Tavemomuiov Kpnmg ko Endmnmg g mapovoog
Awtppng Nrav o kanynmg Owovopkdv Emomuov, Avaotdolog Eenanadiog.
Mén g tpierolsg emTpomig MtV O avamAnpTig Kadnynme Owovopukmv
Emomuav, Ioavieing Koiotliddkng kot o emikovpog kabnynmg Okovopk®v
emotuov, Bayyéing TlovPelékag, TOUG OmMOiOLG KOl E€VXAPIOT® TOAD Yoo TNV
BonBeta mov pov TPOGEPEPAV KATA TNV SIAPKELD GLYYPAPNS TNG SLTPIPNG.

H mapovoa datpipn cvyypnuatodomnke amod:
o 75% g Anuoociag Aomdvng amd v Evpomnaikn ‘'Evoon — Evpomaikd
Kowwviko Tapeio
o 25% g Anuociag Aoamdvng amd to EAAnvikd Anudoio — Ymovpyeio
Avantoéng — I'evikn Ipapparteio "Epgvvag kot Teyvoroyiog
o Kot omd tov [drwTikd Topéa
o010 mAaicto Tov Métpov 8.3 tov E.Il. Avrtayovietikémta — I Kowotwo [TAaico
2PENG, TOVG 0TO10VG KOl EVYAPLGTOVLE YO TNV VAIKN TOVG BorOetaL.

Oa Nela emiong va gvyaploTom OBeppd tov emdmTN Kol KaONynty Hov, KLPLO
AVOOGTAGL0 ZEETOTAOEX, Y10 TNV GLVEYT, ALECT KOl OVCIOOTIKN KaBodN YN o1 Tov Kot
mv e€apetikd moAvTIUN Ponbeto oLV LoV TPOGEQPEPE, M OTOl0 KO OTOTEAECE £val
Bacwkd GLOTATIKO Yo TNV GMOGCTY), OUOAN KOl ETLTVUYN] OAOKANP®OT TNG TOPOVCHG
dwTpiPng, Kabdg Kol To voOAouwa, HEAN TG emtapedovg emitponng: E. Tletpdk,
(ITavemomuo Kpnme), E. Zaptleraxn (ITav. Moakedoviag), . Kovvdovpn (O.I1.A),
I'. Owovopiong (O.IT.A) yia Tig GLOTAGELS KOl TIG GVUPOVAEG TOVC.

Oéw emiong va gvyaploTo® Bepud tovg yoveic pov mov dtokprtikd Bonbodv Kot
ompilovv TIC TPooTADELES LoV O OVTA TO. YPOVIO KOl GTOVG OTOTIOVG YPWOOTAM TO
ndvra.

Téhog evyapiotd Bepud dAovg ekeivovg, pilovg, cuvepydtes, KabNyNTES, YVOGTONG,
mov pe ompiéav, pe gvémvevoov kol pe Pondncav, éotw kot dBeAd tovg, otV
TPOoTAdeld pov vo emtiy® to otdY0o pov. TEAOC gvyaploT®d TV YpoppaTeion TOV
tunpoatoc Owovopukomv Emoemuadv mov vmpée moAlvtipog fonbog oe 0Tt ypetdotnKa
KB’ OAN TNV SLUPKELX TOV SOUKTOPIKOD LLOV.
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[TepiAnyn oto EAAVIKA

1. Etcayoym

H napodoa dwatpipn acyoreitan pe v Evvola g 0.ElpOpoL ovVATTLENG LE GKOTTO
va Oepelwoel Evov Beopntikd opopd o omoiog Ba pmopel va ypnopomomn et
AmOTEAECUATIKA Gav €vog Oeiktng agipopiog kot Bo pmopel vo mapéyel eUmEIPIKES
LETPNOELS TOV CLVINKAOV 0EIPOPIaG GE OEOOUEVEG OLKOVOUIES.

Yg ovtd 1o mAaicl, 0TO WPWTO UEPOS THS OLOTPIPHG, YPNOLLOTOLOVVTOL
avaTpo@odotovpevol Kot owbaipetol kavoveg moMTIKNG pe Pdon Tovg omoiovg
emAéyovion petofAntég moMtikng oe un Pértiotec owovopies. Opilovrar ot
AOYIOTIKEG TYES KO OTTOTILAOVTOL Ol HETAPOAES OTIG GLVONKES TPEYOLGAG KOVMVIKNG
gunuepioc.

H xatdotaon tov mepifaiiovtoc, e EUeacn 6To eatvopevo tov Beppoknmiov Kot tnv
KMpoTikn  oAAayn, mov Oeopeiton éva amd To Mo enelyovio ko coPapd
nmepBairoviikd mpoPfAnuata e deBvoig atléviag onuepa, €1GAYETAL GTO HOVTEAO
OV OVOTTOGOOVUE GOV Pacikog KaBoploTikdg mopdyoviag Tng aewpopiog g
nmapoywywng Paong (productive base sustainability) poli pe to mapayduevo Kot 1o
avOpdTIVO KEPAALO.

To mepipdArov mpoceyyiletar otV avaAvon pog omd TO0 GTOK TOV Ol0EEWIOV TOV
GvBpaka, OV amoTEAEL TOV KVUPLO TOPAYOVTO TG OMNOVPYINS TOL QUIVOLEVOL TOV
Oepuoxnmiov. Awneopetikd cevdplo TOMTIKNG Y TNV €EEMEN TOV TOYKOCUI®V
eEKTOUTAV  TOov  do&ewdiov Ttov GvBpako emAéyovior Kot epoapuodlovror Ko
emPePardvouv TV oxLPN GYEGN TOL TEPPAAAOVTOS LE TO KPITNPLO TNG OEWPOopiog
™G mopaymYwknsg Paong g owovopiag (productive base sustainability) o
dnuovpyovvtor Ta OepEAL Yo TNV dNUOLPYIO AELPOPMOV TOAMTIKMV.

To xkprmpio g aswpopiag g mopaymywkng Pacng (productive base sustainability)
¢ owovouiog, 6mwg opiletar kot vwoloyiletal 6T0 TPAOTO UEPOS NG OTPPNG,
e€aptdtot Ko amd Tov Tapdyovto TG HEYEBVVONG TNG GUVOAIKNG TOPUYMYIKOTNTOGC
tov ovvieheotav (Total Factor Productivity Growth (TFPG)). Av ot petpnoeig g
agwpopiag, 0ev Aapufdvovv vwoOYN TOLVG TNV GLVEICEOPA TOL TEPPAALOVTOS GTNV
OLVOAIKY] peyEBuvon tov mPoidvTog Kol AT 1 CLVEIGPOPA amodidetal AavOacuéva
oTN HEYEBLVON TNG GLVOAKTNG TOPAYWOYIKOTNTOS TOV GUVIEAESTMV — KOTAAOITO - TOTE
Ol UETPNOELS TOL KPUTNPiov NG agpopiog TS mopaymywkng Pdong umopel va
amodeyBovV LEPOANTITIKES.

Avto 10 0¢p0 avOAVETAL OTO JdedTEPO UEPOS THS OlaTPIfnS TOv avayvepilel 6Tl N
YPNOTM TOL TEPPAALOVTOG GOV GUVIEAEGTNG TOPAYWOYNG GLVEICQEPEL pall pe aGAlovg
TOPAYDYIKOVG GUVIEAECTEG GT LEYEBLVOT TOV GLVOAIKOD TPOTGVTOG LK OIKOVOULNG
kol Qo €mpeme vo vmoAoyileTon OTIC WETPNOELS TNG TOPOYOYIKOTNTAG KOl Vo
aQatpeitot 0md T0 TOPASOGLOKSO «KOTAAOUTO» TOL Solow.

H nmopadocioxn pebodoroyia tov «vmoroyiopot g peyébovvone» (growth accounting
methodology) emekteivetar ko avantbooeton Oeopntikd, Aappfdvovtog vIoOyn TO



nePPAALOV GOV VEOG GULVTEAESTNG TOPAY®YNG Tov eivol amAnpwtog (unpaid) 1
TANPOVETOL €V LEPEL AOY® TNG EAAEWYNG TTEPPAALOVTIKTG TOALTIKNC.

H évvolo tov «vmoloyiopod g peyéBuvong» pe v €160y@yn Tov TopAyovTa
nepairov, epapudleton gumepkd o€ 23 yopeg tov OOZA (avomTuypéveg) kon 21
OVOTTUGGOUEVES YD PES.

Ta amoteléopaTo TOV HETPNGE®V LOG, DTOOEIKVOOLV OTL 1] ¥PNOT TOL TEPPAAALOVTOG
(mov mpooeyyiletal pe TN HOPPN TOV EKTOUT®OV TOL dto&ewdiov Tov GvBpaxa, Tov
Oeswpeiton  €€tpa  TOPAYOYIKOG GUVIEAESTNIC OTNV  CLVAPTNOTN  TAPAYMOYNG),
ouveloQEpel pall He TOLG TOPAOOGLOKOVG TOPOYWYIKOVG GUVIEAECSTES (KEPOANLO,
gpyacia) oty peyébuvon T0v GLVOAIKOV TPoidvtog kot Oa émpeme vo AapPdavetal
VRLOYN GTIC LETPNGELS TNG TAPAYOYIKOTNTOC.

"Evag dAAog tpomog mpocéyyiong tov mapdyovro mepfailov oty pebodoroyio wov
akolovBeitar ywo Tov «wmoAoywopd Mg peyébuvone»  (growth accounting
methodology), elvar pe ™ ypHon ™G eVEPYEWS GOV CLVTEAESTN TopaymYns. Ot
TOPAOOCIOKEG HETPNGELS TNG Tapoy@yKoOTNTaS (COHE®VA pe Tov Solow), aAddlovv
dpaoctikd yo 23 avoartoyuéveg yopeg (OOXA), 6tav to UEPOC eKElVO TNG EVEPYELOG
mov mepthapuPdvel TG ekmoumég tov O010&ewiov Tov GvBpaka (mov Ompovpyel
e€OTEPIKOTNTA) KOl TOPOUEVEL  OMANP®OTO OV TOPAYOYIKY  dadikacia,
ECMTEPIKEVETAL, ONAAOT Ol EKTOUTES TOV d10EEdIoN Tov AvOpaKka amokTovV pio Tiun
pHES® NG EMPOANC TEPPAAALOVTIIKDOV POPOV EMAVE® GTIG EKTOUTES OVTEC.

To xoatdAouro mov vmoroyiletor HETA TNV GLVEICPOPA TNG EVEPYELNS GOV VEOL
ovvteAEOTN TopaymYNS, (externality adjusted TFPG), yivetal oxeddv unoév, yeyovog
mov petoppdletor ¢ eEng: Otav AdPovpe vmdyn HOS TNV GLVEIGPOPE TOL
TEPPAALOVTOC GTNV UETPNOT TNG GLVOMKNG TAPAYMOYIKOTNTOS TOV GUVIEAEGTMOV KO
10 opelyoope ocav €Etpa GUVTEAESTN TOPAY®OYNG, Oev Qoivetol va LEAPYEL
TOPAYOYIKOTNTOG 1) 0Toia va Onpovpyet peyédovon.

1.1 Avaockomnon g BifAoypapiog
1.1.1. H évvoia g Agipdpov AvamtoEng

Yopeova pe tov optopd g Brundtland Commission Report (WCED 1987, cel.
43), «Agpdpog Avantoén etvar n avamTuEn OV KOAVTTEL TIG OVOYKES TOL GHUEPH
YOPIg VO VTOCKATTEL TV SVVOTOTNTO TOV HEAAOVTIKMOV YEVEDV VO IKAVOTOICOLV TIG
Owég touvg avdykeo». Boaowlduevolr o€ avtdv TOV OPIGHO TOL amoTEAEl TOV
aKpoywvioio Ao g évvolog g 0EPOPOL OVATTVENG, 1 TTapovoa daTpiPn £xel
OTOXO VA OVOAVGEL TNV £VVOlo TNG AELPOPOV OVATTTUENG OVATTUGGOVTOG £V KOAMDG
opLopEVO Bempntikd mAaicto To omoio o pmopel va TapEyEl EUTEIPIKES LETPNOELS TOV
Ba yapoaxtnpilovv av pio owovopio etvar 1| oyt aElPOPOG.

H mpoondBeia petatponnc tov opiopov g Brundtland e éva Asttovpywod ko
EUTEPIKE €QPUPUOGULO OPIGHO, dev givar e0KOAN vdBeon. ZKomdg NG EVVOlag NG
Agpdpov Avamroéng sivar va Aappaver vedéym g TV ELNUEPIN TOV UEALOVTIK®V
YEVEDV YMPIG VO LEWOVETOAL 1 gunuepia TNG TAPOVGAS YEVIAG. Avti 1 évvola, amottet
peydAn mpoomdbsio ywoo va petatpomel oe kdtt mov Bo umopel vo omotiunOet
owovoulkd. Avtd ocvuPaivel emedn n €vvola g Agpopov Avamntuéng eivor puo



nePImAOKT €vvola OV TEPIAALUPAVEL KOWVMVIKES, OIKOVOUIKES Kot TEPPOAAOVTIKES
TOPAUETPOVS KOl TPOEKTAGELS.

Yuykekpéva 1 0e1popog avamtuén yopiletal o Tpia dtopopeticd €idn Ta omoia Kot
elvar xor to axoiovBo: Kowwvikn oaswopio, mepiPailoviikny aeiwpopio Kot
owovolkt agwpopic. H kowvovikn, meptParloviiky] Kot 1 OIKOVOULKT aEpopio OV
UTOPOVV VO, S1oY®PIGTOVV EVIEADC. Y TTAPYOUV TOAD duvaTtég cLVOEGELS HETAED TOVC.
YVuyKeKpEVa, 1 KOWOVIKN aewpopian pmopel va emtevyBel HOVO e GUOTNUOTIKY
CLUUETOYN TNG KOwmViag Kot 1oyvpn 0aoTikn kowwvia. To xowvevikd xepdioio
aroptifetar amd Vv evotnTa. NG KOWMVING, TNV HOPOOTIKY TALTOTNT, TOV
TAOLPAAGUO, TOVG BECLOVG, TOVG VOpove, TNV teapyia kKAt. Goodland R., (1995).
H Owovopkn Agwpopio amattel v o0tpnon Tov OtKovopkov keeoioiov. H
dlT)PNoN TOL OKOVOUIKOD KEPOAaiov 1 T0 va olatnpnOel T0 OIKOVOUIKO KEPAAOLO
«ovémago» etvan pia amd TG Pacikég vvoleg g owovopkng aewpopioc. Goodland
R., (1995).

[Tepparroviikn Agwpopia, onuaivel 6Tt T0 PLGIKO KePAAo Tpémel va droTnpn el
Kol va otapuAayfel yio tig pedhovtikég yeviés. H mepiParrovtiky Aswpopio avalntd
va  BerAtidogt v avBpomvn  evnuepicn TPOPLAAGGOVTOS  TOLTOYPOVA  TIG
TEPPUALOVTIKEG TNYEG VAIKAOV TOL  YPNCOTO0VVTOL Yo TNV KOALYM  TOV
avBponivov avaykdv. To euoikd kepdiao (puowd meppdrrov), opiletor cav to
OTOK TOV TEPPAALOVTIKOV TOP®V TOL OMNUIOVPYOVV Hiok por YPNOIU®V ayabdv Kot
VANPECLOV. AVTO TO PVOIKO KEQPAAOO UTOPEL VO ATOTEAEITOL OO OVOVEDGILEG 1 LN
AVOVEDGLES TTNYEG EVEPYELOG Kot ayafd ayopaia 1 un ayopaio Kot 1 TepBaAAoVTiKN
aewpopio onpaivel aelpdpog Katavarmon kot mapoywyr. Goodland R., (1995).

AVTECG 01 TPELS OLAPOPETIKEG EVVOLEG aELpopiag oyeTilovTol Kat amroTeAovV T Paon

g agwpdpov avantuéng. H 18éa g datpnong g eunpepiog g mapohcos Kot e
HEALOVTIKNG YeEVIAG €ivol 0 amdAvTtog 6TOY0G Yo va agpopo péArov. T'a va etvon
T M WEn €QapUOGIUN TOAAG €101 Ke@aAaiov (Tapayouevo kepdiato, avOpmmvo
KEPAAOLO, KOWMVIKO KEPAAOLO KOl PLGIKO KEPAANL0) TPEMEL vaL Ot pnBodv Yo T1g
LEALOVTIKES YEVIEG.
"Evag opiopdg mov pmopel va mepthdfetl OAeg anTEG TIC TTUYEG KO VO TIC EKPPACEL GE
OKOVOLLKOVG Opovg umopel va Bempnbel cav amotelecpatikdc opioudc o omoiog o
umopel va perpnoet av m avémroén eivon agpopoc. ‘Eva Pacwd epdtnuo mwov
dnpovpyeitan etvar 10 Kotd TOGOV N TpooTabea Yo Opoto petayeipion piog oelpdg
HEALOVTIKOV YEVEDV, €ival £vog oTOYO0G €PIKTOG Kol KOTE OOV €ival ePIKTO €vag
TETOL0G OPIGHOG VO LETOPPACTEL GE OIKOVOUIKOVS OPOVG.

[épa amd ta tpla SwpopeTikd €iom acwpopiag mov vmdpyovv, M oelpopio
epnoavifeton emiong kot o t€ooepig «Pabpovey ot oebvn Pifloypagia. Yrdpyovv
T TOPaKATO £10M: «acBevio» (weak), «evorbpeon» (intermediate), «ioyvpn» (strong)
Kot «omepPoAikd oyvpn» (absurdly strong or superstrong) acwpopio. Kabe évag amd
T0UG Té00epl Pabupodg vmovoel tov Pabud dtnpnong kot TPoeLAALNG TV
TE000POV 0OV KePaiaiov amd to omoio amaptiletal T0 GUVOAIKO KEPAAOLO, 1
dratnpnon tov omoiov givan avaykaio ywo pio agwpdpo avimtuén. (Ta téocepa gidon
Kepodaiov eivor ta €€NG: mapayopevo KepdAoo, avOp®OTIVO KEPAANLO, KOVAOVIKO
KEPAANL0 Kt UGIKO KEPAAML0).



«AcBevioy mepifoiiovtikny agwpopia onuaivel dtatnpnon ¢ alog Tov GLVOAIKOV
KePoAoiov apeimtov, ywpic ®oTdoco va divetar PAcn ©T0 TOCOGTO GULUUETOYNG
KaBeVOC amd T TEGGEPU E0MV KEPAAAIOV GTO GLVOAKO KEPAAMLO.

H «evordpeon» mepifarloviikn aswpopio amortel 6Tt yio va dotnpnbel 1 cuvolikn
a&lo tov keporaiov otabepn, Ba mpénet va d0bel mpocoyn otV cvuvbeon avtod TOL
KePoAaiov, dnAadn otn cvppetoyn kabevog amd Ta TEGoEPE €10 KEPOAMIOV GTO
GLUVOMKO KEPAAOLO.

H «oyopn» mepiParrovtikny agwpopio tpobmobéter 6T1 B datnpovpe GAa to €1om
Kepaiaiov dbwta, evd 1M «omepPoAkd woyvpn»  mEPPAALOVTIKY  aElpopio
npovimofétel 0T dev Oa pémetl va petdvove N va eEavtAoe timota. Avtd onuaivet
OTL o1 un avavedolueg myég oev Bo pmopoldv va ypnoipomombovv Kaborov.
Goodland R., (1995).

1.1.2 Iotopikn| Avadpoun kar Opiopol g Agwpopiog

Avt) n evomta mapabéter pic oOVIOUN 1GTOPIKY avoadpoun. EeKvoVTog,
mopatnpovpe OtL M évvoln NG aelpopiag €xel v Pdaon G 6TOVE KAOGIKOVG
owovopoAoyovs. H 10éa g aepdpov avantuéng frav non mapodcea otnv culntnon
v TV otevotnta kot v peyébvvorn. Ot Malthus, Ricardo, Mill, Hicks, Pigou kot
noAlol dAAot glyav mpoPAéyet OTL 1 EAAEWYN TOV ELGIKAOV TOP®V B 0ONYNGEL OE
emPBpdovvon Kot TEMKA G€ TOOT TG OKOVOUIKTG peyéBuvong. (Barnett and Morse,
(1963, p. 2), in Pezzey, J., C.V, and Toman A., Michael (2004)).

O Hicks, opilet 10 €1000Mpa GOV TN HEYIGTN TOGOTNTO TOL Umopel vo Eodgvtel oty
Katavéiwon oe pio mepiodo, ywpig vo HEUOVOVIOL Ol €UKOPIEG TPAYLOTIKNG
Katavdiwong oto példov. Hicks J., (1946). Apa oe dpovg avaivong tov Hicks, 1
Brutland Report propet va Aéet 6Tt 610 TOpdV Bo TPEMEL VO KATOVAADVOLLLE PEXPL Kot
70 €1000MUd poc. Mropovpe emiong va mTovpe OTL TO 10O IO UTOpEl va amotedeitot
amd OAa ta 10N kepaiainv Kot Oyt LOVO TO TOPAYOUEVO KEPAAMLO Kol TNV £PYacia
oAAG Ko TO ovOpOTIVO KEPAAOMO, TN YVOOY, TO TEPPOAALOVTIIKO KEQPAANLO, TO
KOowmviko kepdaiato kAm. Heal, G. M. (1998).

O Solow kot Hartwick ompi&av v 10éa 011 1 agwpopia pumopel vo ekQpaoTel HECH
TOV KPLTNPioL maxmin, OV CMUOIVEL HEYIGTOTOINGN TNG eVNUEPING TNG YEPITEPTS,
o€ 6povg evnuepiag, yeviag. To kprtplo umopel va EKQPOGTEL OTWS TOPAKAT®:

{max{min{ welfare } } }

omov welfare, " e{ya1 10 eminedo evnpepiog g yevidg t. Etvar amapaimto va Ppedet
10 eminedo exeivo gumuepiag G yeVIAg mov evnuepel AyoTEPO KO EMELTO. VAL
aval{ntOei To PIKTO LOVOTATL TOV TOPEXEL TNV VYNAITEPT 0l GE OVTO TO EAAYLOTO
eminedo evnuepioc. Heal, G. M. (1998).

Ot petakAootkol 0KOVOHOAOYOL aVEALGAY TO PLGIKO TEPIPAAAOV Kol TV GPLoTN
TOMTIKY] OTO TAOIGI0 TV EEMTEPIKOTNTOV TOV ONUOVPYOLVTOL OO HOAVVGT TOL
neplpdAloviog kot €dwoav  Epeacn otV avaykn G TEPPUAAOVTIKNG
ovveldntonoinong. O Weitzman to 1976 ftav o mpdtog mov £0ece ta Oepédia evog



«mepPardioviicod 1 tpdotvovy Kabapod EBvikov Ilpoidvtog (Green Net National
Product). Amédeiée 6t t0 ovuPatikd pétpo €160oMUOTOC gival TO emimedo NG
KatavdAmong mov ov dwtnpovviav povipa Oa giye pio mapovoa aio ion pe tov
TAOVTO NG owovopiag. To kabBapd eBvikd mpoidv eivar n Xapudtoviavn evog yeEviKon
npoPAnpatog peyiotonoinong. H péyiom epiktn gumuepio omd tov ypdvo ¢ kot petd
Ba NTav:

[:J C*(3)e s
Y7o avt v évvola to Net National Product givar avtd mov amokaiovpe otabepod
1600VVaLO TNG HEALOVTIKNG KatavdAwonc. Weitzman , M., L., (1976).
To 1988 o1 Markandya ka1 Pearce vrootmpi&av 6t 1 évvola g aeupdpov avamtuéng
otpiletor 610 TAIGIO TOV PUOIKAOV TOPWV Kol TOL TEPPAAALOVTOC. AV 1 10€a OVTY
EPAPLOCTEL GTOVG ELGIKOVG TOpovs, oaelpopion Ba mpémer va onuoivel Ot éva
dedopévo otok TOpwV (d€vipa, vepd KAT) dev Ba mpémel va peidvetat daypovikd. O
Robert Haveman ota 1989, vrootmpi&e 011 1 0€1pOpog avdmtvén eivan n dtatpnon M
N ueyéBouvon tov GLVOAKOD EMTEOOV OWKOVOULKTG gunuepiag kot opileTon cav TO
EMIMEDO TNG KATA KEPOANV OIKOVOLIKNG EuNUeEPLOC.
O John Pezzey 1o 1989, opilet Vv aegpopo avamntvén cav v un @bivovca
ypnowdmra. O Maler to 1991 dnidvel 0t «n otkovopkn avantuén etvorl agipodpog
av Kol povo av m ypnootta eivar un eBivovca dwoypovikdy». Emiong o Solow to
1992, dnlovel Ta mapokdto: «to kadnkov mov tibeton amd v aswpopia sivor va
KANPOOOTNGELS KAl VO TPOIKIGELS TOVG ATOYOVOLS e OTL XPELALETAL Y10 VO ETLTLYOVY
éva eminedo Cong tOc0 KOAO 000 Kou TO OO poc. (Awatipnon otabepng
XPNOHOTNTOG).
Ot Pemberon and Ulph (2001) otipi&av v 0éa 0tt pio otkovopio Aettovpyet e
&vay agupoOpo TPOTO OKOVOLUKNG OVATTUENG GE OEOOUEVT] YPOVIKT OTIyuY|, ov N a&ia
Ao TNV POt TOV GTOK TOV KEPAAAIOV OV B KANPOd0TOVGE GTIG LEAAOVTIKES YEVIECS,
Nrav N 0w pe v aéia 10 610K ToV KEPaAaiov mov KAnpovounce. Evoiloktikd, pio
owovopio propovce va Bewpnbel aeipdpog otrypaio qv N otrypaio LeTafoAn g
oflag oe éva dedopévo ypovikd omueio frav pndév'. Or Pemberon kou Ulph
ohokAMpGOVOLY  dnAdvovtag 0Tt To  ovumepthapPavopevo  eoodnua’  (inclusive
income), wovton pe TN otiypaio otabepn aéio Tov €160ONUATOC TAPOAO TOV TO
coumephappavopevo elcodmpa dev peTpdiel to emimedo g evnuepiog N afiec. To
ocvumeptlappovopevo glooomua tvor ypnopo oto vo kabopilel katd mdGo o
owovopio  emruyybver  otiypoio  ogwpopio.  H o Swapopd  peta&d  tov
ooumeptlapupfovorévony  €1600MUOTOG Kot NG  Kotavdimong opilet tov  puBuod
petafoing g a&ioc.
Yndpyer eniong n 10€a g datnpnong otabepnc xpnotudtrog ond Tdpo Kot PETA.

Solow (1974), Hartwick (1977) ka1 1 18a Tov va punv vepPaivet n xpnootra L)

"'H onyoio ogpopio mpodmodétel 61t 1 mapovoa ofi e PeEAAOVIIIS YPNOIUOTNTOG TAPOLEVEL
otabepn og éva dedopévo ypovikd onpeio. (BA. Pemberon M., & Ulph D., 2001)

* To cvpmephopPavopevo e16odnua eivar 10 «TeptBoAlovIKd 1 TPAGIVOY £BVIKO E1GOdMUA IOV Eivat
ico pe v péyom ofla g katavalmons kot e Kobopng HeETOPOANG o€ OAa TO GYETIKA GTOK
KePOAQiov 7OV €lval PIKTA dedopévav ToL 0TOK TV kepaAaimv. BA. Pemberon M., & Ulph D.,
(2001).



éva péytoto eminedo ypnowodmrag Y o, (6mov U" givon N HEYIOTN XPNOOTNTA)
nov pmopet va dtatnpnOet Yo Tavta 0S0UEVOD TOL GTOK TOL KEPAAOIOL TOL LILAPYEL
otov ypovo t. Pearce et al., (1990), Pezzey, (1992, 1997).
Me Baon tovg Arrow et al. (2003), n aewpdpog avantuén 1 onoia opiletar cav v un
eBivovca kowvavikr evnuepia (Non-Declining Social Welfare (NDSW)), vrovoel kot
npobmofEtel TV Satpnon TG TaPAYOYIKNg Pdong g 01K0vouiag3. H xevrpum
éa tvat 0Tt 1 KAOe yevid mpémel va KANPOSOTNGEL GTOVG d10dOYOVG TG TOVAAYLGTOV
™V Topay®yiky Bdon mov kKAnpovounce amd tovg Tpoydvoug te. [ va emrevybel
avtd 1M mopaywylkn Pdaon piag owovopiog Oo mpémer vo dwutnpnBel yio Tig
LEALOVTIKEG YEVIEG. AVTN M JTNPNON TOV €OV KEPOAOIOL TOL ATOTEAOLV TNV
Topay®ylkn Paon g otkovouiog pwopovv va eEacparicovy pe Bdomn tovg Arrow et
al. (2003), éva aelpdpo HEAAOV.
O Dasgupta 10 (2002) axorovbmvrog v 10w mpocyyion pe tovg Arrow et al,
vrootpiler emiong v wWéa O6tL 1 a&lo Tov kepaiaiov piag owovopiog eivar o
ouvolkog cvumeptlopPavopevog mhovtog (inclusive wealth) mov meprhapPdvet
TapayOUEVO KEPAANLO, avOpOTIVO KEPAAMO, Kol PLCIKO Ke@OAato. Av BéAovue va
TOOUE OTL 0 TAOVUTOG avEAveTonl TOTE TPEMEL VO TOOUE OTL GLVOAMKEA vanpée pia
kabapn cvocodpevon kepaiaiov. H xabapn avty cvocdpsvon kepoioiov Tov
ovopaleton  Oetikn yviowr  emévovorm  onuaivel Ott M avdmtuén  pmopel  va
xopokmnpotel agwpdpog pe AapPdavovtog vmoOyn TV TOPOYOYIKY Pacn g
OKOVOUIOG, EVA 1 OPVNTIKY YVNOL0 ETEVOVCT] DITOVOEL U1 OELPOPI TNG TOPOYDYIKNG
Baong g owovopiag. Me dAra Aoyt av:

T |

=L 20
omov 10 Vi v ypovikn otiypn t, eivar M petafoin piog Ramsey-Koopsman
OLVAPTNONG KOWMVIKNG gunuepiag mov vrovoel un @Bivovca Kowmviky gunuepio
piog owkovopiag. Tote M owovopia pmopet va yopaktplotel agpopog pe Péorn 1o
KPUTNPlo NG  Topoy®mYKng Paong ¢  owovopiog Kot TOV  Opiopd  Tov
SLUTEPIAAUPAVOUEVOD TAOVTOV.

Ot Dasgupta ko1 Miler anéoei&av 61t 6tav 10 V exkTidtan pe Paon Tig AOYIoTIKEG
T, 0 TAOUTOG peTpdet dyt Hovo TV TPEyovoa aAld Kat TV LeAAOVTIKY sunuepia.

H xowovikr eonuepio mAnttetal and 016popa QovopeVo TEPIPAALOVTIKA Kot [N
OV amacyoAoVV TNV debvn atlévta onuepa kot umopovv va Pdiovv @pévo otnv
omowa évvola aepopov avantuéng. To eavopevo tov Beppoknmiov Kot 1 KALOTIKY
aAlayn etvor @ovOpEva OV €YOVV ATOKTNGEL AVENUEVO EVOLOPEPOV GE €BVIKO Kot
Oebvég emimedo Ko SNUOVPYOLV TNV AVAYKT] Y10 TNV aAVATTLEN EVOG KAAMG OPIGUEVOL
Bewpntikod mAaiciov To omoio O pmopel va €QPAPUOCTElL EUTMEPIKE KOl VO O

’ H mapoyoyikh Bdon g otkovopiag mepthapfdvel to mapokdte &idn kepatoiov: mopaydpuevo
KEPALOLO, AVOPMOTIVO KEPAAOLO, PLGIKO KEPAANLO KOl YVAOON.

* Aoylotik Ty evog mopov eivon n Pedtioon oty mowdmta {ofg (Kowmviky sompepic) mov O
enepyotav av pio povéda omd avtd tov moOpo ywotav Swbéoun yopic ko6ctoc. Avtibeta: 1M
vrofadon oy mowdtnto (NG mov Ba emepydTav av vanpye pio povado Atydtepn and avtd TOV
ndpo. Dasgupta P., & Miler K., (2001).



ToPEXEL EKTIUNOELS Y10, TNV OEWPOPIR N U1 GVUYYXPOVAOV OlKOVOH®Y. Meléteg dmwg 1
IPCC report, 1 Stern Report k.o toviCouv 10 yeyovog 0Tt €va asipdpo péEAAov Ba eivar
€vag GmGTOC GTOYOG Y1 TOL LEALOVTIKE XpOVIa. oV OV PLOUICOVIE TO PUIVOUEVO TOV
Bepuoxmmiov onpepa.

Mia mpocé€yyion Kavn va LETPNGEL TNV EMOPACT] TG TEPPAALOVTIKNG LITOPAOONG
mov oyetiletan pe T avlpomiveg mpdEelg OTMS 1 KMUOTIKY LeTaOAT, Etvon avTd TOL
OTOKOAOVUE GE VTN TV OTpPn KpLtiplo g aepdpov mopaymywkng Paong. To
kputnplo ovtd Pacileton otnv  petofoArn piag Ramsey-Koopman ocuvvaptnong
KOW®VIKNG gunpepiag. Av avti 11 cuvaptnon otov xpovo t givor Betikn avtd vovoel
o0tL | yvnota enévovon elval emiong Oetikn kol 0 GLVOAMKOG TAOVTOS ALEAVETOL Kot
dpo molTkéG ot omoieg 00Myovv Ge OlapKn BeTikn yviolwa emévovon Bempoldvton
OLELPOPEC.

1.1.3 Métpnon g ovvoMkng peyEBuvong g mopaywykotTTog TV
CUVTEAECTOV TTOPAYWOYNG Kot Agipopia,

‘Eva. onuavtikd 0épo mov mpokORTEL Omd TNV avAALGN TOL KPUMpPiov TNg
aelpopiag g mopaywylkng Pdong piog owkovouiog, €ivor 10 TAOC HETPAUE TNV
OLVEICEOPA KAOBE Topay®YIKOD OCULVTEAESTH OTNV UEYEBLVON TOV  GLVOAIKOV
TPOIOVTOC.

H pebodoroyion mov ypnowomoodpe otnv moapovoa dSatpiPn eivor 1 Aeyduevn
pebodoroyia tng pétpnong g mopaywywkotntag (growth accounting methodology)
OV UETPAEL TNV GUVEIGPOPE TOL KAOE GLVIEAESTY| TOPAYWOYNG OTNV TOPAYWOYT TOV
GLVOAIKOV TTpoidvtog. Me Bdom v pebodoroyia avtr, Ol TOPAYOYIKOL GUVTEAEGTEG
TANPOVOVTAL TO OPLOKO TOVG TPOIOV G £va TAIGIO U0 OVTAYWOVICTIKNG 1G0PPOTIOG
KOl TO PEPOG TNG HEYEBLVONG TTOV ATOUEVEL KO OV OTOSIOETAL GTNV YPTOT OLTOV TV
OUVTEAEGTMOV OVOUACTNKE OO TOV Solow «KATOAOITO» KOl TAPOLGLALETAL GOV
TEYVOAOYIKN TPA0d0G (Solow, 1956).

H 0Oswpio g pétpnong g GLVOAIKNG HeYEBUVONG NG TOPAY®YIKOTNTOS TMV
OUVTIEAEGTOV TOPAYWYNS, onpovpyndnke and tovg Solow (1957), Kendrick (1961),
Denison (1962), Jorgenson and Griliches (1967) and Griliches (1997), ot omoiot
é0eocav ta Bepéor TG Kot OpLoay ToVg KaBoPIoTIKOVE TOPAYOVTIES TOL KOTAAOITOL.
Barro, (1999).

HEeKvovtog pe 10 HovtéAo Tov Solow, 1 cLUVAPTIOT TOPAYOYNG TOL XPNCLLOTOLEITOL
elvai n akoAovon:

Y=FRKAL)
o6mov K eivar 10 610K TOL KEPOAaiov, A gival To emimedo g TEYVOLOYiaGg Kot To L
elval n mocotnTa. e€pyaciog mMOv YPNCYOTOWLVTOL otV Tapoymyr. O pvOuoc
pey€Buvong tov cLVOAKOD TTPOTOVTOG UTOPEL Vo PLOPACTEL AVAIEGO GTO GLGTATIKA
Tov mov oyetiCoviar pe v ovoowpevon TV ocvviereotodv (K, L) xar v
TEYVOLOYIKT TTPOOdO (A).
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aF
AV 01 GUVTEAEOTEC Tapay™YNG apeiBovial To oplokd Tovg mpoidy, £Tot hote &
@ e
N apopn tov keparaiov ko N apotpn Tov piebov, Tote T0 KOTAAOTO TOL
Solow pmopet va opiotel cav:

o= 3) - F-s(§)-(H
Onov 10 &5 givar 10 Kotdhowmo 1 pétpnom TG ouVOMKAC peyébuvong g

TapayOYIKoOTTag Twv cvviekestdv mapayoyns (TFPG). Ta SL ko SK givar to

CIRCIINC)
pepidwa g epyaciog Kot Tov Ke@aiaiov avtiotorya kot ta N K/ N L/ xon N4/ givon
ot pvOuoil petafoing g peyéBuvong tov KePOAQiov TG EPyOciag KOl NG
TEYVOLOYIKNG TPoddov avtictotya (Barro, 1999).

Ext6¢ and tov mapadosiakd tpodmo mov ypnoiponoince o Solow, vdpyovv Kot

Aot TpOTOL Yo Vo petpnBel 1o kaTtdAouro Kat Evag amd avtovg eival va VTOAOYIoTEL
a0 TIC TIEG TV GUVTEAECTMV TOPAYMYNG KoL oYL Ao TIC TOGOTNTES (TPOGEYYIoN TOV
Solow). Avti| mn pebodoroyia, (pétpnomn TOL KOTOAOITOL Oomd TIC TWEG TOV
OLVTEAECTOV Tapaymyns) ewonydn amd tov Hsieh 1o (1998), ot ovopdleton dvt
TPOcEYylon oV PETPNON TG Topayoyikotntag, (a dual approach to growth
accounting). Avt 1 wWéa Eekwvaetl omd tov Jorgenson kot tov Griliches ota 1967.
[Tépa and avtég T1g 0Vo Paocikég peBodoroyieg yoo TNV HETPNON TOL KOTAAOITOVL,
VILAPYOVV Kot GAAQ pHovTELD TTOL TTpocTadncay vo acyoAnBov pe to Bépa avtd. o
ovykekpipéva ot Griliches (1979), Romer (1986), kot Lucas (1988), dnuodpyncav
LLOVTEAQ OIKOVOLLLKNG PEYEBUVOTG e avEAVOUEVEG OmOdMOELS Kot d1dyvor (increasing
returns and spillovers).
O Romer &€dmwoe ) Ok tov Tpocéyyion ywo o Bépa mapovcldalovias o HovTéro
«pobaivo-kavovtagy (learning-by-doing). H Boocikn 6éa eivar 6tL o1 moapaywyol
poBaivouy va Tapdyouy mo AmOTEAECUATIKG KOl GVTN 1) YVAOOT] SoXEETUL AUECMG £TGL
®wote M mopayoykot)To Kafe KAGdov va eEaptdTon amd TNV GLVOAKN padnom 1
omoio. kol avTIKATOMTPILETAL GTO GLVOMKO GTOK TOV KEQOAOIOL. X ovT TNV
mepintwon, n pérpnon tov kKatdrouwov (TFPG) mepihapfdver v emidpoon g
peyébuvong amd v odyvon (spillovers) kot tig avénpéveg amodoelg (increasing
returns) poli pe v petaforn g e£myevong TEXVOALOYIKNG TPOOSOL TOL KOTAAOITOV
to0v Solow kat avtikatontpiletar oty e€icmaon mov akoAovOEt:

ans =4 +p(K) = Lo K)-(1-0(£)

Kot v didpkelo v teAentainy SeKAETIOV, SIOPOPETIKEG TPOCEYYIGEIS £YOVV
ypnopomomOel yio vo petpnbel 10 Kotdrlomo mov TEPAAUPAVOVY GTAGULO Kot
S ®PIoUO TOV GUVIEAESTMOV TNG cuvaptnong moapaymyns. [1.y Barro (1999), Barro
and Sala-i-Martin (2005). Ezmiong, ot Romer (1990), Grossman xou Helpman (1991,
ch. 3) wxor ot Spence (1976), Dixit and Stiglitz (1977) moapovoiacav pHOVTEAQ
dwpoporomuévov mpoiovrog (Product varieties models). Ot Aghion ko1 Howitt
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(1992) wor ov Grossman and Helpman (1991, ch. 4), mapovciacav ta Aeyoueva
quality-ladders models of technological change otnv Biloypagio g evdoyevolc
OLKOVOLLKT|G pey€Buvong.

BoaowWouevolr oe OAa ta mopomdve, emdéyovpe o€ autny v dwTpip vo

avartoéovpe pia «mepiBariroviikn N tpdovny pebodoroyio HETPNONG TG GLVOMKNG
ueyébovong e mopOyOYKOTNTAS TOV cLVIEAEoTOV Tapayoyns (green TFPG
methodology), mov Pociletor omv mapddoon Tov Solow kot omodeikviel TNV
GLVEIGQOPA TOV TTapdyovta TEPPAAAOV (PLGIKO KEPAANLO) GTO GLVOAKO TPoidy. Mg
aVTO TOV TPOTO OMOKOAVTTETOL 1| OYE0T HETASD NG £VVOlag TNG OELPOPOV AVATTLENG
KO TNG LETPNONGS TNG GLVOALKTG TOPAYMYIKOTNTOC.
IMa va yiver ot meprocdtepo Eekdbapo, avTd MOV KAVOLUE EIvVOl VO ELGAYOLUE TO
QLOIKO KePAAOo otV OladKacior Tapaywyng kot vo vrootpilovpe 0Tt avTd TO
€ldog kepaiaiov 10 omoio mpoceyyiletal pHe TNV HOPPT EKTOUTMV TOV S10EEBTI0V TOV
avOpoaxa, (CO2 emissions) 1 He TNV HOPON TNG EVEPYELNS, (Ta omoia kot Bewpovvtan
TOPAYOYIKOL GUVIEAESTEG OTNV TOPOYOYIKN Sl00KOGI), HTOPOVV VO ATOTEAOVV
yéc peyébuvone. Iopatmpodpue 6t avtdg 0 e€tpa TEPPUAAOVTIKOG TAPAYDYIKOS
OUVTEAEGTNG, GLVEIGPEPEL GTNV GLVOMKT peyeBuvomn tov mpoidvtog pali pe tovg
TAPad0G1OKOVS TAPOUYWYIKOVSG GUVTEAECTEG OTIMG TO KEPAANLO, KOl 1 EPpYOTiaL.

Ye ovt) v OSwrpPn avoADOLUE TNV GLVEIGPOPE TOL TEPPAALOVTIKOD
mopdyovta 0 omoiog eival €ite AmANP®MTOC €iTE TANPOVETAL EV HUEPEL KATA TNV XPNON
TOU KOl TO OTOTEAECUOTO TOV UETPNCEMV UAG TApEXOVV TOAVE  OMUOVTIKES
TpoeKTAcES TOMTIKNG. Ommg avapépbnke kot mopondve, To KPITHpPLo TS 0Epopiag
™G Topoywyng Paong g owovopiog, oyetiletor pue v un eOHivouca KOWVOVIKY
evnuepio. (non-declining social welfare) otov ypovo t. Mia amd TIC Pacikég
npobmobécelc yio avtd eivar datnpnon OA®V TOV €8OV TOL KEPOUAAIOL Yo TIG
UEALOVTIKEG YEVIEG (S10TPN O TNG TOPOY®YIKNG PAong g owovopiag). H évvola tng
aewpdpov avamtuéng pmopet vo avaAvBel mEPIGGOTEPO YPNOLUOTOLOVTOS TO TAAIGLO
™G peBodoroyiog TG HETPNONG TS TAPAYMYIKOTNTOS TOV CUVTIEAEGTAOV TOV UETPAEL
™V cuvelsPopd kdbe €idovg kepalaiov oty peyéBuvon Tov GLVOAIKOD TPOIOGVTOG
KO ATOdEIKVVEL OTL TO AEYOUEVO KaTAAOUTO TOVv Solow dev givat o VoG TapayovTog
nmov odnyel oe avdmtuén aAld Ot Kot 0 mEPPAAiov Tailel Evav TOAD ONUOVTIKO
pOAO TPOG avTY| TNV KatevOuvvon.

1.2 Xvveiocpopd ot Piproypaeio ko Anoteléspata e Epguvag

Metd v Tapovsioon g £Vvolag TG OEWpOpiog Kol TOV SPOPETIKAOV OPIGUADV
OV XPNOIUOTOOVVTIOL Yo Vo eKQpactel avty 1 €vvola, mapotifetor avtd 10
KEPAANLO Y10 Vo TOPoVCIAoTEL 1 LeBOSOLOYIKTY TPOGEYYION TOL JUOPPMONKE Kol
aKkoAovOnOnke omv mapovca doTpPr], KOS Kol To TPOTOTLTTO. BEWPNTIKA Kot
EUMEIPIKE  ATOTEAECUATO. OV  GUVEWSQEPOVY  oTN  PipAoypoeio TG OEPOPOL
avamTuEng Kot TG HETPNONG TNG CLVOAIKNG HEYEBLVONG TS TOPAYOYIKOTNTOS TOV
OLVTEAEGTMOV TOPAYWDYNG.
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O Paocwdg pog oTdY0g 610 TPMTO PEPOG NG dtTpPng elvan va avamtuyBel Eva
Oeopntikd poviédo mov Bo pmopovoE Vo EQUPUOCTEL KOL EUTEPIKA KOL VO
xopokmnpicel katd moécov N avdmtuén etvor agipopog 1 Oxt. ‘Eva poviého mov Oa
UTOpeEl Vo €QPUPUOCTEL GE TPAYUATIKEG OIKOVOUIEG KOl TPEYOLGES OIKOVOLUKES
KOTOGTAGELG.

EEKIVOVTAG LE TNV KATOGTPOPIKN EEAVIANGCT TOL PLGIKOV TTEPPAAAOVTOC, O O
GLYVEG £VVOLEG TOV YPNOLUOTOLOVVTOL YO VO EKQGPAGOLY TNV £VVOlo NG GELPOPOL
avamtuéng etvar ot £vvoleg g Sraypovikng dtavoung (intertemporal distribution) kot
™G OLYPOVIKNG 10OTNTA OVAESH OTIG YEVIEG (intergenerational equity).

Me Baon toug Arrow et al. (2003), n aelpopog avantuén opileton cav v un
eBivovoa kowvovikn evnuepio (Non-Declining Social Welfare - NDSW), n omoia
eEKQPALeTOL PE TNV OOPOVIKT] STNPNOT TS TAPAY®YIKNG Pdong g owovopiag. H
Wéa glvar O6TL M mapaywywkn PBdong piog owkovopiog mov meptlapPdver o cepd
KEPOAOL®OV OTMOC TOPAYOUEVO KEPAAALO, avOpOTIVO KEPAANLO, PUOIKO KEPAANLO KOl
yvoon, Ba mpémer va datnpnBel Ko var dtapuiayBel yio TIg HEAAOVTIKEG YEVIEG.
Arrow et al., 2003. Av 1 yvijola enévdvon, 1 onoio opileTor cov to dOpoicua TV
EMEVOVGEMV GTIG TOPATAV®D HOPPEG KEPOAOIOL KOt LETPLETOL UE TIG AOYIOTIKES TIUECS,
elvarl pun eBivovca dlaypovikd, TOTE 1 GLVOAIKT KOWVOVIKY eunuepia etvar emiong un
eBivovca. e avt TV TePInTOoN HETAPOAN] TG GLVAPTNGT KOWMOVIKNG gunuepiog
otov xpovo t Ba eivoar un apvntikny ko 1 avamtoén Oa pmopel va Bewpndel cav
aelpopog e Pacilopevn 6To KPLTHPLO NG TOPAY®YIKNG fAong ¢ owovopiog. Avtn
N évvown TG un eBivovcog Kovmvikng eunuepiag N ¢ BeTIkNG YV ol0G ETEVOVONG
otov ypdvo t, dev vovoel agwpopia pe Paon v ypnowomta, (dniadr draTipnon
TOV EMUTESOL TG YPNOWOTNTOC 6TadEPS Slaypovikd, Pezzey 2004b)°. AkolovddvTag
Tov opopd twv Arrow et al., (2003) avomtucoovpe éva Bempntikd HOVTELO TOV
Bacileton otV mopdywyo piag cuvaptnong KOwmvikng unuepiag otov xpdvo t, n
omoio peTpdel TNV HeTafoAN TG KOWmVIKNG gunuepiag piog owovopioc. H xowvovikn
eunuepia og o dedopévn oty t opiletar w¢ akoAovwg:

V, = on e PT) U(X(T),u(z'))dz' , T =t
t

Omov X=(1,-->%n) givon évor Svoopa petaPAntdv kotdotaong (state variables) kat
U=, Um) givan v dtvocpo  petapintaov eAiéyyov, (control variables) mov

amotehodv kau ta epyohsio mohwunig. H ovvapmon, UX@OWTD) ropei va
HETAPPUOTEL oo TNV gunuepio ¢ yevidg mov (el 6Tov XpOvo T. XPTGLLOTOUDVTOG
éva, un Péltioto Beopntcd mhaiow’, yopakmpilovpe Ty petafors oty Tpéyovoa
KOowmvikn evnuepia otov xpovo t, dtav ot petafintég eAéyyov emAéyovtor pe Paon
KATOooV Kavova ovatpo@oddtnong N pe Pfaon kdmotov avbaipeto kavova TOMTIKNG.
(O kavovag avatpooddtnong etvat yia mapddetypa £vag Kavovag TaKTIKNG 1e Pdon
tov omoio To gpyadeio Kabopilovtor o€ oyéon HE TIG TIWEC TOV UETAPANTOV

> Onwg anodeiybet amd tovg Asheim (1994) kot Pezzey (2004b), vdpyovv BEATIOTEG OtKOVOLiEg OOV
n un ebivovca kowwmviky gompepio otov ypodvo t, umopel va vmovoel 0Tl M agwpopia pe Pdon To
KPUINPLo TG XPNOLOTNTA €fval [T AELPOPOS YLOL [LL0L TETEPACUEVT YPOVIKT TEPT0SO.

Qc un Pértiot owovopia yapaxtnpiletar  otkovopio 6mov 1 KuPépvnor| g eite amd oyedlacuod
glte and avikavoTnTo, Ogv EMAEYEL TOAMTIKEG TTOV LLEYIGTOTOLOVV TNV S0 POVIKT EVTHLEPTaL.
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Katdotoong Tov  ocvotiuatog. O avBaipetog kavoévog TOMTIKNG  emALYETOL
avBaipeta).

Eniong e&dyovpe to véo amotérecpa 0Tt OTOV o1 HETAPANTES EAEYYOL N TO Epyaleiol
TOMTIKNG emAéyovton avBaipeta, 1 TpEyovca HETABOAN OTNV KOWMVIKY gunuepia
Baciletar Oyt pévo o1 HEYEBLVOT TOV GUVTELECTMOV KOl TV AOYIGTIKAV TOVG TIUDV,
oAAG Ko otic avBaipeteg dadpopés (paths) tov petafintov eAéyyov. Xe avt TV
nepintwon 1 cvvdptnon aiag (value function) piog owovopiog Paciletor kot ota
Tpéyovta oToK (current stocks) Kot oTic Tpéyovoes poég (current flows) kKot pmwopet va
YPaPel KAT® amd TOV Kovova, avatpopodOTnong Kot Tov avbaipeto kavova wg eENG:

Vixab) = [ e O Ug@(r —1,%.,b). ¢ ~ 1., b))z
Vi) = [P0 Uy(r — 3% Bo(r). ). Bo(0))de
' (1)

Ot MOYLOTIKEG TUIEC Y10 TOVS GUVTEAEOTES X7 Ko Tig peTopAnTéc eEAéyyov P tov ypdvo
t, opilovron mg e&Ng:

_ I _ I
P = axy » Py = ity
=
To dt dmidver Tov puOud petaforng T CLVAPTNONG KOWVMOVIKAG sunuepiog

GToV XpOVo t.

Otav 10 V120, qu6 ONUOIVEL Uy opvyTIKY YVHOLO. EXEVODEN TOV GTO TANIGLO TOV
Arrow et al. (2003), Bewpeitoan évag deiktng TpEYOLGOS AEWPOPiag TG TAPAYWYIKNG
Bdong g owovopiag.

Otav 10 V<0, N M HETAPOA] TG GLVAPTNONG KOWVMVIKNG evnpepiag ivatl apvntiky,
aVTO ONUOIVEL apvyTiKy YVIoL0, ETEVODON KOl PO EALEWYT) OEIPOPIOC GE OPOVG TNG
TopayOYIKNg Pacng g owovopiag. AVt 1 TPOGEYYIOT) TOV VLTOAOYIGHOD NG
TPEYOVCAG UETOPOANG TNG KOWMVIKNG €unueEpiog Hmopel vo glvarl ypnoun yio vo
napéxel pia pETpnon g aelpopiog oe OPOLS YVNOoHG EMEVOLONG G€ Eva U PEATIOTO
owovouikd mhaiclo. H apvnrikn yviiowo enévovon pmopel va vwovoet Ot apnivovpe
MyOTEPN TOPUYWYIKT] IKOVOTNTO OTIS LEAAOVTIKES YEVIEG Y10l VO KAAVYOLV TIG OVAYKES
tovc. ITo ovykexkpyéva, av po okovopio oev Bewpeiton agupdpog pe Pdon to
KPUMpo ¢ mopaymywkng Paong, t0te n HETAPOAN TNG CLVAPTNONG KOWMVIKNG
gunuepiag Tov xpdvo ¢ givor apvnTIKn Kot 1 yviolo ELEVOVOT vl EXiong apvnTik.
Avto onpaivel 0Tt 0 GLVOMKOG TAOVTOG Bo PEIDVETOL Kot Ol TOAMTIKEG Tov o
081Y00V GE GLVEXDS APVITIKH Yoo eTévEVoT BempolVTaL tn astpopeg .

Avt 1 pebodoroyikn| mpocéyyion pmopel va Bewpnbel wg pio Tpocéyyion aswpopiog
™G mopoy®ykng Paong g owovopiag. Ot cuvaptioels asiog (1) o kébe dedopévo
YPOVIKO OTMUEIO t TAPLGTAVOLV TNV KOWVAOVIKY gunpepio amd Tov ¥povo t Kot HeTd Kot
avtd Kavel TBavo Tov YopaKTNPIGUO NG HETAPOANG TV GLVONKAOV TG TPEXOVGOG

" H Haykoéopo Tpamelo, (2006, Ch. 3), ov Asheim (1994), Hamilton and Clemens (1999), Pezzey
(2004b), deiyvovv Ot M apvnTiK) Yvioln €mEVOLON TOV Ypovo t, nAadn M eBivovcsa KowmVIKY
guonuepia, vmovoel éAlewym aewpopiag oe Opovg ypnodmtoas oe Pértiotec owovouiec. Avtd 1o
amoTtéAec Lo TAVTOGS dev €xel amoderydel 0Tt 1oyveL oe Eva yevikd un Béltioto mhaicto.
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KOW®VIKNG evnuepiag oe €va yevikd mAaicto kot mapéyet v Pdon yio pio epmelpikn
EKTIUNON QLTOV TOV HETAROADV.

O pvBudg petafoAng pog cuvAPTNONG KOWMVIKNG gunuepiog dev glvar povo Tto
dBpotoua g yvholag erévovong, aAAG pumopet emiong va mepthapPavet kot tov poOuod
petafoing tov gpyaieiov moATikng mov apeifoviot pe Paon TG AOYIGTIKEG TOVG
TIEG. Apa G€ GLYKEKPIUEVEG TTEPIMTMGELS U PEATIOTOV Oovopuav pe owbaipeteg
eMAOYEG HETAPANTOV €AEYYOV, M YVNOl €MEVOLON UTOPEL vo unv &ivar o mo
KOTAAANAOG OPIoUOG TOV YOPOKINPIGUO T®V SLVONK®OV asuwpopioc. Xe avtég TIg
TEPIMTMOGELS, 1) YV O ENMEVOLOT O TPEMEL VAL TPOSAPLOCTEL Kot Yo TNV peyéBuvon
TV avbaipeto EMAEYUEVOV HETAPANTOV TOATIKNG, OTTMOG Y10 TOPBEIELY LA TOL OPLOL OTIG
ekmopunés. To Bewpntikd pog poviého, cuvelceEpel oty TpExovod Pipioypapio 100
010 fBewpnTikd, 060 Kol GTO EUMEPIKO pEPOg Kabmg M ocvvdptnon aiag (value
function) pumopei va ypnoiponomOel yio va mapéyet ePmEIPIKES eVOEIEELS Yoo GUVONKES
aelpopiag. To poviéAo pog EQOPUOCTNKE TNV TTEPITTOON NG EAANVIKNG OtKOVOUiog
Kot EKTIUNONKE M TPEYOVGA LETAPOANG TNG KOWVOVIKNG EVTUEPING OTNV TTEPITTOGT TNG
EM\ddag.

Metd tov KaBopiopd tov Kplrnpiov TG OGEPOPOL TAPUYWYIKNG Pdong Kot
EXOVTOGC EUMEIPIKE OMOTEAEGUOTA YL TNV EAANVIKY OwKovopio, €mEKTEIVOUE TO
LOVTEAO LOG GE VO YKPOLT OVOTTUYUEVAOV KO AVATTUGGOUEV®V YOPOV BETOVTOS TO
0épo evog omd ToL TO ONUOVTIKE TPOPANUATO TOL LETAPYOLVV CNUEPU OTNV deBVT
atlévta, 1o TpdPANLE TOV Patvopévoy Tov Beppoknmiov Kot g VLEPHEPLOVOTS TOL
mAoviT oto TAAiclo TG agwpopiag TG mopaywykng Paong piag owkovouioc. To
eowvopevo tov Beppoknmiov (global warming phenomenon) amotelel Evav amd tovg
Bacwovg mapdyovteg mov umopodv va kabopicovv €va pn aewpopo péAlov. Ot
ekmounég Tov do&ewiov tov dvBpaka, (Carbon dioxide (CO2) emissions), poli pe
Ao aépla Tov Beppoknmiov OBewpoldviar ¢ kdmowor amd Tovg Pocikovg
avOpOTOKEVTPIKOVS TTAPAYOVTEG TOL TPOKOAOVV KOl EVIGYLOLV TO (UIVOUEVO TNG
TAOVNTIKNG VREPHEPUAVONC TOV TANTTEL TNV EVMUEPIN TOPIVOV KOl UEALOVTIKAOV
YEVEDV KO ATEILEL TNV alELPOPO OVATTTLED.

Baowkdg pog otdyog eivar vo oxeTICOVE TIC TAYKOGUIES EKTOUTES TOV 010&E1010V
tov avOpaka (global CO2 emissions) e v £vvola TG 0EWPOPLOG TG TOPAYMYIKNG
Baong kot va mpooeyyicovpe euUmEPKE TNV EMidpacn TG TEPPOAALOVIIKNG
vrofdOuiong mov mpokaAeitor &V pécw GAA®V KOl amO TO QUIVOUEVO TOV
Beppoxnmiov pe Tig cLVONKES HETAPBOANG TNG TPEXOVCOS KOVOVIKNG EVTIEPTOG.

[o ovtd 1o okomd, avamtvéape €va Bewpntikd peBodoroyikd miaiclo Kot
e€nNyope eUmEPIKA OTOTEAECUOTO. LTOOEIKVOOVTOG MUiol GUVOEST OVOUECOH OTNV
Tp€xovoa PETOPOA TNG KOWMVIKNG eunuepiog Kot To gavopevo tov Beppokmmiov.

Xpnotiponomoope v HETOPOAN Hiog GUVAPTNONG KOWMVIKNG gunuepiog (Vt ) Ko
opicape &va KPUTPlo oL HETPAEL TNV aeupopio TG Tapaywykns PBdong kot amod
TV €N{OPACT TOL PALVOUEVOL TOL OgpUoKNTiov. XPNGIUOTOMGOLE THY TOPAKATM
GLVAPTNOT KOWMVIKNG ELNUEPTOG:

i/; ZpK,K_'_pN,N_'_pAtA_'_pZ Z +thPr =

omov ¥ givar n suvaptnon kowovikic eompepiog kou P Pri Pas PZe PP giyoy o1
AOYIOTIKEG TIUEG TOV KEQOAIOV, TOV TANOLGLHOV, NG TEYVOAOYiNG, TOL Opiov T®V
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EKTOUTTAV TOL O10E€10{0V TOL AVOPAKO KOl TOV OTOK TMV POTOV OVTIGTOL(O KoL

KN A4 Z:, Pr givon or puBpol petafolic Tov Ke@alaiov, tov mAnOuGHov, Tng
TEYVOLOYIKNG TTPOOAOV, TOV OPIOV TOV EKTOUTMV TOL 010&E13i0V TOV AvOpaKa KoL TOV
OTOK T®V POTTOV.

Av 1 petapory Tov ¥ givan Oetiky, toTE pion otkovopion pmopet vo OswpnBei 61t givar

TNV YPOVIKN OTIYUN ¢ aepdpa. Pe BAOT TO KPITHPLO TS TOPAYOYIKNG BAONS Kot dpa 1
yviolo emévovon eivan Betikn.

Av 10 ¥ givan apvnticd tte 1) otkovopia dev sivon asipdpa pe PAom To KpLTipto TG
TOPAYOYIKNG fAonS Kot 1 Yviola enévdvo Ba ivat apvnTik.

Epappocape to Bempntikd pog poviélo oe 23 avamtuypéveg X(i)psgg kot og 21
OVOMTUGGOUEVES YDPES Kat LITOAOYILOVHE TV HETOPOAT) GTV TPEOVGO KOWMVIKY
gunuepian Kot 6TAL OVO YKPOUT OVOTTLYUEVOV KOl OVOTTUGGOUEVOV Yopav. Ta
AmOTEAECUATO oG Ociyvouv 0Tt ot (nuiég amd Tig ekmoumés tov dto&ediov Tov
avBpoka etvar Evag onUOVTIKOG Topdyovtog mTov emNPedlel apvnTIKG TV OELPOPLOL
™G TOPAYOYIKNG PBaong piog owovouiog kot mailel onuoviikd polo otnv TpEYoVca
KOl LEALOVTIKT EVTUEPTD TOV OIKOVOLLDV QUTMV.

Av106 10 cvumépacpa, emPBEPAIOVETOL GTO OEVTEPO PEPOG TOV SOUKTOPIKOD, OTTOV
avaADOLUE TO BEpa TG HETPNONG TG GLVOMKNG MHEYEOUVONG NG TAPAY®YIKOTNTOGC
10V cvvtedeotdv mapaywyng (Total factor Productivity Growth - TFPG).

H pebodoroyia tov vmoroyiopov g peyébovvong (Growth Accounting) eivai n
eumelptkn] pebodoroyion TOL EMTPEMEL TO «OMAGIULO» TOV TEAIKOV TPOIOVIOG OTO
OULOTATIKG 7OV TO OMUOLPYOVV Kol WETPAEL TNV GLVEWSQOPE KABe mapdyovta —
mopaywyikov cvvieheot (I1X) — oy peyéBouvon tov tehkod mpoidvtog. H évvouwn
™G UETPNONG TNG CLVOMKNG HEYEBLVONG TNG TOPAYOYIKOTNTOS TOV GUVIEAECTMV
mopayoyne (TFPG) mov ovopdletor kot KOTAAOITO, HETPAEL TO KOUUATL TNG
pey€Buvong tov TPoidvTog oV OEV AMOSIOETOL GTOVG TOPAYMYIKOVS CUVTEAEGTEG TTOV
amoptiCouv pio VEOKANGIKY) GLVAPTNON TOPOY®YNS, OAAG omodideTon otV
TEYVOLOYIKT TPH0do. Bacildpevol o avtr m Bewpia, emexteivovpe T0 Topad0GLOKO
KataAouro Tov Solow, ypnoipomoidvtas To TEPIPAALOV Gov Evav e€Tpa TOPAYWYIKO
OUVTEAEOTH G€ Wi VEOKAOOIKT] GLVAPTNOT TOPOY®YNG KOl OTOSEIKVOOVUE OTL TO
TOPad0cloKO Katdlowmo tov Solow oto omoio o mapdyoviag mepPdAlov dev
Aoppavotay vedyn, uropet vo TapEXEl TUPUTAUVNTIKEG LETPNOELS KOl ATOTEAECLLATA,
AMOy®m ™G amolopng omd TIC HETPNOES €VOC ONUOVTIIKOD OTMC OTOJEIKVOOLV TO.
aroteléoparto pog I[IX, tov mepipdArovtog, mov mpoceyyiletar otV avdAvor| pog pe
TIC EKTOUTEG S10EELBTOV TOV GvOpaKa KoL TNV EVEPYELQL.

¥ O1 23 avomtoypéveg ydpeg TOV ¥PNOIOTOOVHE 6T oviAvon pog eivar ot eénc: Kavadag, H.ITA,
Avotpia, Béhywo, Aavia, havdio, FakAia, EALGSa, ItaAia, [Toptoyaria, Iomavia, oundia, EAPetia,
Hvopévo Bacilelo, lanwvia, Iohavdia, Ipiavdio, OAroavdia, Noppnyio, Avetpario, Me&wkd, Tovpkia,
AovEgppovpyo.

O1 21 avonTuGGOUEVES YDPEG TTOV YPNOLLOTOIOVUE 6T avdAvoT pog givat ot e&ng: Ilepov, Tatldvon,
Hopayovdr, Mopoko, Aopwvikavy Anpoxpotio, Tovatepdra, Xovdovpag, Tloapduco, Boliia,
Koioppia, Exovadodp, Ipav, Zpt Advka, Zvpia, T'ovykoohapPia, Ivdia, Kévva, Madayookapn,
MoaAdovt, Ziépa Agdve, ZIUTAUTOVE.
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[To ovykekpyéva, PacilOpevol 6NV TOPAKATO GLUVAPTIOT TOPUYMOYNG:

Y=HKHEX)

omov K eivar 10 mapayduevo kepdiato, H elvar 1o avBpomivo kepdiaio, E=AL givan
n evepydg epyoosia, (L elvar o ovviedeomg epyoacio kot A eivor m TeXVOAOYIKN
Tpo0d0g G epyaciog) Ku X=BZ givar o1 gvepyol pomot, (to B avtikatontpiletr v
TEXVOAOYIKT] TPOOdo TV pOT®V Kot To Z va givol ot pOTOL TOV SLOEESIOL TOL
advBpaka og PLGIKEG LOVADES), ElGhyovpe TO TEPPAALOV GTNV GLVEAPTNON TAPAYWYNGS
ocav &va TpocBeTo TapdyovTa TOL 00NYEL G OIKOVOLKT peyéfuvon.

Opilovpe ta pepidln TOV TOPAYOYIKOV GUVIEAEGTMOV GTO GLVOMKO TPOidV, GE &va
nmloiclo peyiotonoinong tv kepddv. To Katdlowro (y) emavénuévo pe Ty Yp1oN Tov
TEPPAAALOVTOC GTNV TTapay®YIKN Oladtkacia va opiletat Onwg akoAlovdei:

sl 4)s(§) )k )-+(£)+(2)

Yvykpivovtog To mopadootakd Katdlouro Tov Solow mov akoAovdet:

or=5i(3) =+ -s($)-s(}) 5

pe 1o emovénuévo katdiowmo pe to mepPdirov (2), mapatnpodue Tt vEapyovY dVO
e€Tpa TOPAY®YIKOT GUVTEAESTEG — TO avOpOTIVO KEPAAOLO Ko TO TEPPAALOV — TTOL
npooeyyilovtal amd TIG EKTOUTMEG TOL Ol0EEWiov TOL AvOpaKo- oL dgv EYovv
VTOAOYIGTEL OTIG LETPNOELS TOV TOPAGOGIOKOV Kataroimov (3).

H sicayoyn tov mepipdAiovtog oty avdivon pag, umopel va aAldEel Tov TpoOTO LE
tov omoio avoivovpe to TFPG kot pmopet va amotedéoetl Evav onuavtikd Topdyovia
™G OULVOMKNG peYEBuvong tov mpoidvtog. Ilapdia avtd, M cLVEIGPOPH TOL
mopdyovta meptBdAlov otnv peYEBLVON TOL GUVOAIKOD TPOTOVTOC OV WITOPEL v
petpnei cootd Adym g EAAenyng TEPIPOAAOVTIKNG TOMTIKNG EXAV® GTOVG POITOVC.
Epdcov dev vmapyel meptPaAlovTikny TOMTIKY €ndve 6TOVE PUTTOVG (.Y M VTOPEN
eVOC OpPOVL), TOTE PEPOG TNG HeyéBuvong Tov cuvolkol TPoidvTog Tov Ba Empene va
amodideToL 6TV ¥PNoN Tov TEPIPAAAOVTOG OTOOIOETOL EGPAAUEVO GTIV TEXVOAOYIKY|
p060d0. [HapdAinla, av vdpyel TEXVOLOYIKY TPOOSOG GTOVS PHTOVS, AVTO UTOPEl va
BewpnBel dAhog évag mapdyovtag peyébuvong mapdiinia e TN TEXVOAOYIKN TPAOSO
™G £pYaciog Tov Katd tov Solow Ntov 0 Tapdyoviog Tov onpiovpyovse pLeyébuvon).

()

Metd v avdrtuén tov Bempntikod avtod TAaciov, e&etdlovpe EUTEIPIKA 0VTH
v vdBeon ypnoipomoidvtag otoryeion amd €va ykpouvm 23 yowpwv tov OOZA. Ta
ATOTEAECUATO LOG OEYVOLV OTL 0 «OTANPMOTOSH, AOY® NG EAAEWYNG €VOG POPOL
TEPPAALOVTIKOC TOpdyovTag, 0 0moiog Tpooeyyiletal amd Tovg pHTOLVE TOL d10&E1dion
0V QvOpoaka, propel va Bewpeitar myn peyéBuvong Kot £vag onUavTIKOS TopayovTog
mov mpokoAel peyébovvon. IMapodia ovtd, av 1 ypnon tov mePPAAAOVTOG amoTeEAET
myn peyébvvong, Ommg Oelyvouv Ta OMOTEAECUOTA LG, OAAG TO TEPPAAAoV
YPNOUOTOIEITOL GOV EVAG OMANPOTOS TOPAYOYIKOG GUVIEAEGTNG OTNV TOPAYWOYIKN
dwdwkacio, tote ot mepPardoviikég nuiég mapapévoov  amiipotes. Opmg
TOPOUEVOVTOAG OTANPWOTEG, OEV SLUTNPOVVTUL GE VO KOWVMVIKA «AP1oTo» EMIMEOO KATA
TNV OEPKELD TNG TOPAYOYIKNG SdIKAGTI0G Kot avTd Hmopel TEAMKA Vo SlPpdceL TV
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agwpopia g 101aG g dadkaciag peyéduvong tov mpoidvtog. O Adyog yia Tov omoio
ot eptPardovtikég {nuiég pEvouv amAinpmTtec, sivar 0Tl dgv vdpyel Becpobetnuévn
Qoporoyia yua Tig ekmoumés tov dto&ewiov tov avOpaka. IIposnabovpe va Avcovpe
avtd 10 TPOPANUa oy avdivon pog, ££lodvovtag To pepidlo TV PUTOV GTO
GLUVOMKO TPOiOV, LE TO HEPIOIO TV TEPIPAAOVTIKOV {NUOV GTO GLVOAKO TPOTOV,
YPNOUOTOIDVTOS OVEEAPTNTES EKTIUNGELS Yol TIG CNUIEG TOL dtoewdiov Tov avOpaka.
Extipdpe eniong amevbeiog to pepidwn tov IIX oand g cuvolkn ocuvvaptnon
TOPAYOYNS OOV Ol EKTOUTES TOL O10&Edion TOv GvOpaKa OTOTEAOVV TTAPAYM®YIKO
OULVTEAEGTN OTNV Topay®YN poll (e TO KEQAAOLO KO TNV EPYACiaL.

Ta amoteléopatd pag vwodetkvhiovy OTL 1 ¥p1NoT Tov TePPdAiovtog potdlel va givon
€VOG OTOTIOTIKO ONUOVTIKOS Tapdyovtag otnv &&nynon g peyébovvong Tov
GUVOAIKOV TTPOTOVTOG Kol LITAPYEL EXIONG Kol TEYVOALOYIKT] TPOOSOS GTOVS PUTOVG.

AxolovBdvtag TV id1o avaivon, epappodlovpe to 1010 Bempntikd poviéro oe Eva

yYkpoun 21 avoTTUGCOUEVOV YOPAOV KOl TO ATOTEAECUATA Hog emPefaidvouy v
menoidnon pog, 0Tt 0 €£TPA TAPUYMYIKOS GUVIEAESTNG TEPPAAAOV GUVEIGPEPEL GTNV
pey€Buvon tov GLVOAKOV TPOIOVTOG.
H televtaio pog cuvelospopd oe vt T SoTpiPr] 6To TAAIGIO TOV «TEPPAALOVTIKOV
N TPAGIVOLY» KATAAOUTOV, NTOV Vo, SIELPHVOLLE KoL TTEPGGHTEPO TNV Bewpia Tov
TOPAOOCIOKOD  KOTAAOWTOV E€IGAYOVIOG OOV  GULVTIEAECTN] TOPAY®YNG &EOvA TO
nepldAlov 10 omoio OpMC avty TN QOopd mpoceyylomnke amd TV XPNON NG
evépyelac. H veoxAaoikr| cuvaptnon mapaymyng mov ypnoiponondnke nrav n eEng:

Y=HKHWX)

omov K etvar o mopaydpevo kepdioro, H givar to avBpaomivo kepdroo, W=AL elvou
n evepydg epyocia, (L elvar o ovviedeomg epyoacio kot A eivor m TEXVOAOYIKN
mpo0dog ¢ epyaciag) kot X=BE &ivar n gvepyol poimot, (to B avtikatontpilet v
TEXVOAOYIKN TPO0OO NG evéPYeLag kot To E va givan n evépyela 6 pUOIKES LOVAEG).
To emavénuévo pe v evépyeta Katdiouro opileTot g eENG:

=4 r(§) =4 (8) i) -o(5) -5 5)

XPNOOTOIOVUE TV EVEPYELDL GOV IOl TPOGEYYION YO TOV TTAPAYOVTO TEPPAALOV
avti Toug pHmovg Tov d1o&ewiov Tov dvBpaka, TapaTnPOVTOS OTL LILAPYEL pio gvBeia
KOl QUECT) GYECT OVALECO OTNV EVEPYEWD KOL TOVG POTOVS APOV TO GTOLXEID TMV
POTOV KOTACKELALOVTOL OO TNV YPNON CTOLYEIMV EVEPYELOG.

[Tapodro mov N evépysla TAnpdvetal cav évag [1X oy mapaymyn, vrdpyet eniong Eva
ATANPOTO UEPOG TNG XPNONS NG Kot ovtd elvarl ol eKTOUTEG TOL S10&EWiov TOL
dvBpoka mov OnpovpyodvTal amd TNV YPNoN TNG Kol oLTO TO UEPOS TOPAUEVEL
ATANPOTO, AOY® NG EAAELYNG TOALTIKNG YO TOLG PUTOVS TOGO GTLS OVOTTVYLEVES

120121 avomtvocopeveg YHPES OV YPNGUOTOLOVE 6T avEAVGT pag eivar ot eERg: TTepo, Taildven,
Hopayovdr, Mopoéxo, Aopvikavy Anpoxpotio, Tovatepdra, Xovdovpag, Tloapduca, BoliPia,
Koioppia, Exovadodp, Ipav, Zpt Advka, Zvpia, T'ovyxoohapPia, Ivdia, Kévva, Madayookapn,
MoaAdovt, Ziépa Agdve, ZIUTAUTOVE.
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(OECD), 600 K0t 6TIG OVOTTUGGOUEVES YDPES, (XDPES TOL dgv avikovy otov OOZA)
Ko wwitepa yia v tepiodo mov eEgtalovpe (1965-1990).

AvoAivovtag 10 Koatdrowmo Yoo éva ykpourm 23 avamtuypévov (OOXZA) yopov
TOPOTNPOVUE OTL VIAPYEL QL IGYXVPN AVOAOYIKY| OXECT LETAED TNG EVEPYELNG KOl TV
pOTwV Tov dro&etdiov Tov avBpaka. Katacskevalovpe éva HOVTEAO TOL LEAETAEL TNV
wwodvvapio tov poviélov mov Pociletar oTlg ekmouméc pumeV Sto&ewiov Tov
avBpaKo. Kot Tov povTédov mov BacileTon otv xprion e evépyelac ' kdt® omd TO
mAaiclo €vOg APLoToL POPOL GTOVS PUTTOVS KOl EEMYEVAV TYLMV TNG EVEPYELNS KoL
EKTIUAUE TNV GLVEICEOPE TOV OMANPMOTOL HEPOLS TMOV POT®V TOL ONUIOVPYOVVTOL
amo TNV XPNOT TNG EVEPYEWS OTIG HETPNGELS TOL Kataloimov. Ta amoteAéopotd pog
delyvouv OTL Ol TOPOOOGLOKEG HETPNOEIS TOL KATAAOUTOL OAAALOVV OPOCTIKA OTOV
EIGAYOVLLE TOV €V UEPEL TANPOUEVO TOPOYMYIKO GCULVTEAESTN (eVEpYEw) oV
ocuvdptnon mopoymyng Kot Kupiwg Otav amodidovpe pio GLYKEKPUEVT TN GTO
ATANPOTO HEPOG TNG YPNONG TNG EVEPYELNG MOV €ivol o1 POl TOL O10EEWIOV TOL
dvOpoka. To amOTEAEGUOTA HOG WITOPOVV VO UETOPPOCTOOV GOV UETPNOELS TOL
Katoloimov Otav ot IIX mov ypnoWomoovVTIaL GTNV TOPAY®YY] ONUIOVPYOLV
eEotepikdTTe. Me Vv eoaymyn] avtig ¢ e&tpa €1GpoNg oty dladtKacio
TOPOYOYNG, TNG EVEPYEWS, Ol POMOL oL dnpovpyovvtal vroroyiloviar oTIg
LETPNOELS TOV KOTAAOITOV, avTd Hmopel vo Thpel aKOp Kol apvnTikeg TIHES. AVTO
pog ogtyvel 0Tt 6TV ECMTEPIKEVOVIE TO KOGTOG TV POTOV TOL dNULOVPYOHVTOL O
TV YPNOoN NG EVEPYELNG TO KATAAOWTO yivetal apvnTko. Eva apvntikd kotdioiro,
pmopet vo vrovoel 0Tt KdBe €lGPON TOV YPNGYLOTOIEITOL GTNV TOAPAYDYIKT SLOOKAGTN
apeifetal TANPOS Yoo TNV CLVEIGPOPA TNG 61N PEYEBLVON TOL GLVOAKOD TTPOTOVTOG
Kot OV VIAPYEL TEYVOLOYIKT TPOOJOG TOL 0ONYEL GE OKOVOULKT LeYEBLVOT).

Ta oamoteléopota tov dgbTEPOL UEPOVS TNG OTpPng delyvouv OTL o1
TOPOOOCIOKEG  UETPNOELS TNG  TOPAYOYIKOTNTAG Umopel Vo amoteAobv  Evav
TopamAavNTIKO deiktn peyéBuvong dwitepa yuo TIC OVATTUGGOUEVES YDPES. AVTO
umopet va cupPel emeldn| €vag amd tovg mapdyovieg mov donpovpyodv peyEbovvon, to
nmepBairov, dev vroroyileTton Onwg o Empene OTIG LETPNGELS TNG TOPAYWYIKOTNTOG
Kot avTd pmopel va odnynoet oe AdBog LETPNOELS 08 aVTES TIC YOpeS. Baoilopevol oe
vt TNV OOMicCTOON, TOPEXOVUE UETPNOELS TOL «TPAcIvOL 1] TEPPAAAOVTIKOVY
KATOAOITOL Y10 AVTES TIC XDPES Kot GLYKPIoELS pe maperbovoeg perétes. [liotevovpe
OTL ovToL TOL €idoVg M avaivon amevBhvetar oTo TPOPANUA TG TEPPAAAOVTIKNG
vrofdaduiong pe €vav amoteAecpaTikd TPOmO emedn Tovilel Kot avodEKvOEL TNV
oLVEIGPOPA TOV TEPIPAALOVTOS OTN GULVOAKN peyéBuvon tov mPoidvtog Ko
avTIKATOTTPIEL TNV XPNON TOV EKTOUTOV TOL O10&EEWiov Tov AvBpaKa cov TPOTOo
TPOGEYYIONG TOL TEPIPAALOVTIKOD TOPAYOVTO GTNV GUVOAIKY] TOPOY®YY TEAKOD
TPoiovtog. Av petatpéyovpe Tov amAnpmTo (eAehBepo mpog ypon) mepParioviikd
OUVTEAEGTN G€ VOV GUVTEAEGTI] UE TIUT, avTtd Ba 001 y00GE G pio TOAD TEPIGGOTEPO
GUVINPNTIKY ¥PT o1 avToL Tov [1X.

11 . . , , , , , ,

e éva povtého mov Paciletor 6Tovg PHTOVE Ol PUTTOL BE®POVVTOL GOV ELGPOT| GTNV TOPAYWYIKN
dwdkacia, eved og éva povtého mov PacileTor otn xpron g evEPYELas, 1 evépyetla Bempeitan elopon
OTIV TOPAYDYIKT S10dTKOGTO.
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Mmnopobue vo CNUEIOGOVUE EMIONG OTL VITAPYEL MO GNUOVTIKY] GYECT OVOLECO
OTO OMOTEAEGUOTO. TOV TOPNYONcav amd TO0 TPMTO Kol TO OEVLTEPO UEPOS TNG
dwrppfrg. To xpumpo ™G agwpdpov moapaywyikng Pdong elvar moAd otevd
oLVOEOUEVO e TO TAOIG10 TNG HéETPMoMG TS HeYEBLVONG Kol TOV KOTOAOITOV, OTTOL O
napdyovtag mepPaAlov pmopel va Bewpnbel cav €opon oV TOpOyOYN LE
ONUOVTIKT] GUVEICQOPE KOt 1| TEYVOLOYIKY] TPO0O0G TV pOTT®V UTOpEl emiong va elval
napoHoo Kot vo 0dnyel v peyébuvon pali pe v texvoroyikn Tpoodo g epyaciog.
H oyéon peta&d tov kprmpiov mg ae1ipopov mapoaymyikng Pdong kot tov TAociov
™g Hétpnong g peyébuvong umopel va meprypapet OTmG aKolovdEet.

"Evag onpovtikdc mapdyoviag oty eKTipnon tov kptnpiov g agwpopiog eivar n

HeTafoAn TG TEXVOLOYIKNG TPOASOL A nov katd Tov Solow odnyel og peyéBuvon tov
OLVOAIKOV Ttpoidvtog. H extipunom tov mapdyovia g TEXVOAOYIKNG TPOOSOL YiveTOL
LETPOVTOG TN OLVOMKN peyébuvon g mopay®ylkoOTNTOS TOV  GUVIEAEGTAOV
mopay®wyns. Av moapoéia ovtd T0 TepPdAAov  dev  AauPdveror vwoym  OTIC
TaPOdOCIOKEG LETPNOELS TOL Kataroimov cov [IX, or extyunoels avtég Bewpovvral
pueponmrikéc. H ovvelopopd pog ommv pétpnomn g oLvolkng peyébuvong g
TOPAYOYIKOTNTAG TOV GUVIEAEGTAOV TOPAYWOYNG, AOUPBEVOVTOG LTOYN TNV GUVELGPOPE
Tov mepPdArovtog, Oyt pOvo mopéxel To péoa yu va 0opfmBovv mBoavdg
LEPOANTITIKG OTOTEAECUATO TNG UETPNONG TOL KATOAOITOV, OAAG TapEyel emiong Kot
OUEPOANTITEG EKTIUNGELS TOL KATOAOITOV OV £ivol amapaitnTeg Yoo TV EKTIUNGT TOL
Kpunpiov G aelpopiog e Topay®YIKNG Baonc. Avty 1 oOvOEoT OMOKOADTTEL TN
oyxéon pHetald g aelpopiog TG Tapay®mYIKNG PACNS KOl TOL KATAAOUTOL (MGTE VO
amokTnOovV 0pBEC EKTIUNGELS TOV KPLTNPIov TG aElpopiog TG Tapay®ykng Baonc.

2. Yourepdopoto

210 TPMOTO PEPOG TNG STPIPNC, opioape TNV EVvola TG OEPOPING KO LETPTICOLUE
TIG OLVONKEG 0EPOPIOG OE OVOTTUYUEVES KOl OVOTTUGCOUEVEG YMPEG, EVA OTO
deVTEPO UEPOG emekTEIvapE TO BEpa TG UETPNONG TNG CLVOAIKNG peyEéBuvong g
TOPAYOYIKOTNTAG TOV  GUVIEAECTMOV TOPAYOYNG E€00YOVIOG TOV  TOpAyovTa
TEPIPAALOV GTNV GLVAPTNON TAPAYMOYTG.

To mapodv kepdAaio, lvar pio mpoomddela va cuvoyloTody OAa Ta VEN BempnTIKd
KOl EUTEIPIKA OTOTEAEGLOTOL KOL EDPTIUATO TNG S TPPNC.

HEeKVOVTOG e TO KEQAAOLO 3, 0 GKOTOG NTAV VO avamtuydel £va LOVTELO 1KOVO
VO TPOCEYYIGEL TNV €VVOL0L TNG OEPOPIOG LETPOVTIOG TIG UETAPOAES OTIG GLVONKEG
TPEYOVOAG KOWMVIKNG gunuepiag. Boaowlopevor oe pun Péltioteg owovopieg,
avarTOEapIE VO LOVTEAD OV WOG EMETPEME VO EMALEYOVUE TOMTIKEG pHe Pdon v
eMIOPAOT] TOVG OTI GLVONKES TPEYOLGOS KOWMOVIKNG eunuepiag. OepeMaoape 6vo
OLLPOPETIKEG TPOGEYYIoES Yoo TNV €MAOYN epyareiwv moMtikng. 'Evav kavova
avatpoeodotnong (feedback rule) kot évav avBaipeto xavova (arbitrary rule) ko
opioape oVo Kpuripla Yo Kabévay amd OVTOVG TOLG KAVOVEG TOL UETPAVE TNV
petafoln otig ovvOnkeg TpéYovcag Kovmvikng sumuepiog. To Bempntikd mAaicilo
aVTO EPUPUOCTNKE EUTEIPIKA KOl E0WCE OTOTEAEGLOTO Y10 TPOYUOTIKES OUKOVOLUEG.
Octikég HeTAPOAEG OTNV KOWMOVIKT €uNUEPiO VITOVOOLGOV BETIKY YVoL0 ETEVOLON
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Kot agwpopio pe Pdon To KPUNPo NG TopayOYKNg Paonc. Apvntikég peTaBoAES
OTNV KOWMVIKY €LNUEPIO VTOVOOLV 0OpVNTIKY YViolwo €mEVOLON Kot EAAELYM
aewpopiog pe Péon to Kprrnpo g mopay®ytkng Péonc. Otoav ot Kavoves TOMTIKNG
emAgyovtal avBaipeta, tote Ko M yvnown emévovon OBa mpémel va mposapuoleTon
avaroya. ‘Etolr Bewpaoviog pie owovopio tov "Solow" o6mov m peyéBuvvorm tov
eYYOPLov TANOLGHOV, N HETAVAGTELGN, N TEXVOAOYIKT TPOOOOG TNG EPYNCING Kol Ol
neptPorloviikég Cnuiég mov oyetiCovtor pe aéplovg POTOVG Eivol TOPOVOES,
kaBopilovpe TIG cLVONKES TPEYOLGOG KOWVMVIKNG gunpepiog, TG cvuvapthoelg adiog
Kot 11§ Aoyotikég Tinés. H epappoyn tov Bepntikod pog HOVIEAOL GTNV TEPIMTMOOT)
™G eAMVIKNG owkovouiog pog mopelye omoteAéopato mov  £deiov  OTL M
petavdotevon, N e€myeving TeXVOAOYIK TPHOO0G, M HeYEBUVOT TOL KATO KEPOAN
KepaAaiov kot ot (nuiég amd Tovg pLIoVE Tov dro&eldiov tov Beiov (SO2 emission
damages) sivar onuovtkol Tapdyovieg mov yapaxtnpilovv TG GUVONKES TPEYOLGOC
HETOPOANG TNG KOWMOVIKNG eunuepiag g eAANViKNg owkovouioc. Ta Pocwkd pog
ocvoumepdopato gtvar 6t n EAANVIKY otkovopia delyvet va ivor agupdpog pe Baomn to
KPLTNP1lo TG Topay®yikng Pdong kot pe Paomn tig tpéyovoes EKTUNGES TV (Nudv
amd to 010&eido Tov Bgiov (SO2 emission damages) mov Bewpeitor GTNV AVAAVOY| HOG
0 povog aéprog pumavtie. O {nuieg amd 10 d10&eido tov Beiov elyav apvnTikn
emidpaom ot GVVONKEG TPEYOLGAS KOWVOVIKTG evnuepiag. H mpocéyyion pag mapéyet
TIC EUTEIPIKEG AMOOEIEES AVTOV TOV OPVNTIKOD OTMOTEAECUOTOC KOl UTOpEl emiong va
ypnooromBel yio voo Tpocdlopicel TOGOTIKE TIG TEPIPAALOVIIKEG EMMTOCELS GTNV
KOWVMVIKT] ELNUEPLQL.

¥10 kedloro 4, epopuOcOUE EPOPUOGTNKE TO VIOJELYUO GTNV TEPITTOGT OVO
HEYAA®V YKPOLT YOPDOV OVOTTUYUEVOV KOl OVOTTUGGOUEV®V KOl TPOGOIOPIGAUE TIG
ouvOnkeg agwpopiag ™G mapayoyikng Pdong, HETpOVIOG TNV UETAPOA oTNV
Tpéyovoa Kovmvikn eomuepia. [oapatnpnoape ot évag amd Tovg KOPLOVS TOPEyovVTES
nov ennpedlovV TIG GLVONKEG TPEXOVGOG KOWVMVIKNG EVNUEPTING, EVOL O1 EKTTOUTES TOV
dwoéediov Tov avBpaxo pali pe aAlo aépro Tov Bepuoknmiov dmwg amokaAoHVTaL,
mov Bewpeitar OTL GLUVEIGEEPOLY Kaipla GTNV ONUIOLPYICL TOL EUIVOLEVOL TOL
Oepuoxnmiov.  Anpiovpynoape €va HOVIEAO KOVO VO TOPEXEL  EUTEIPIKA
OTOTEAEGLLATO. Y10 TO KPLTHPLO TNG OELPOPOV TOPUYWYIKNG PAONG OIKOVOLL®OY TOV
emmpedlovton apvnTikd amd T1g EKTOUTES TOV d10EEWiov Tov AvOpaKa Kol TV AOUT®V
aepiov tov Beppoxmmiov. IMpope omoteAéopoTa Yoo TO KPITHPLO TNG OEPOPOL
mopay®YKng Paong oe éva mhaicto un Bértiomg peyébovvong yio v mepintwon 23
avamTLYHEVOV Kot 21 OVOTTTUGGOUEVOV XOPOV XPNCLLOTOIOVTS TPIo OLOUPOPETIKA
oevlpla yo v eEEMEN — peyébuvon - TV TayKOCU®V POTOV TOL O10EEI0N TOL
avBpaxa. Ta Bacikd pog amoteléopata delyvovv OTL OTAV Ol TOYKOGHIOL PUTOL TOV
dwoéediov tov GvBpaxa avfavovtal, To KPITNPo NG OEWPopiog TG TOPOY®YIKNG
Baong etvor apvntid yio OAES TIC YDOPES TNG OVOAVOTNG HOG ~, EVO OTAV Ol TAYKOGHLOL
pomol tov odoéewiov tov GvBpoka mapapévovv otabepoi (Undevikn avénom), to
KPUINPLo NG QEPOPiag TG mapaymykng Paomng etvar Betikd yuor OAeg TIG YDOPES TG
aVOAVONG LOG.

2 e v wepintoon tov Me&d (avomTuyHéveg YDPES) TO KPLTNPLO TG QELPOPIOg TNG TaPOyOYIKNIG
Baong etvan Beticd avtiBeta pe dhec Tig GAAEG yDdPES TOL avaAdovpe 6TOL TO TPOSNUO Tov V glvarn
apvnTiKd dtav ot TayKocot pvmot Tov dtofetdiov tov dvBpaka avédvovral.
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To odevtepo pépog g SwTpiPrig, avaiver kot eufabivel ommv évvolr g
HETPMONG NG OLVOMKNG HeYEBLVONG NG TOPOY®YIKOTNTOS TOV GCUVIEAEGTOV
Tapay®wyng M tov Agyduevov katoroimov. Baowodg pog otodyoc, eivar  va
dNUovpyncovpe pio véo TPOCEYYIOT GTNV UETPNON TNG GLVOMKNG peyéBuvong g
Topaymylkomtag tov ovvieleotav moapaywyns (TFPG measurement) mov Oa
AapPaver vwoOyn ™G TV XPNoN TOL Tapdyovia TEPPAAAOV, UE TN HOPON TOV
eKTOUTAV TOoL Oo&ewiov Tov AvOpoKo KOl TNG EVEPYEWS, OTIG HETPNOELS TOL
KOTOAOITOV G€ VA YKPOLT AVATTUYUEVOV KO OVOTTUGGOUEVDV YOPDV.

Me Bdon avtd 10 ©TOYO, EEKWNGOUE TNV OVAALGY HOC OTO KEPAAAo 6,
npoceyyilovtag v xpnon tov mePPAAAOVTOS HE TOLG POTTOVS TOL O10&ELdiov TOV
dvBpako cov €10pON OTNV TOPAYOYIKN Oldkacio Kot opicape €va Bempntikd
povtélo mov meplAdpuPave pOTOLG ®G EL0PON, GTNV CLVAPTNONG TOPAYWOYNC.
Mertappdoape to pepidlo T@V POTOV GTO GLVOAIKO TPoidv oe €vo TAaiclo
AVIOYOVICTIKNG 1ooppomiog vmd €vav Gploto @Opo, o@ovy ot pumot eival pio
COTANPOTN» EGPON OTNV TOPAY®YIKY dStdikacio, Adym g EAAenyng popoioyiog
OTOVG POTTOVE. LTNV GLVEXELN EQPUPUOGAUE TO BEPNTIKO LOVTEAO LG OE VO YKPOUT
23 avantuypévev (OECD) yopov kot mpope GUECES TPOGAPUOYES TOV KOTOAOITOV,
otav ot {nuiég amd Tig exmouneg Tov doEgwdiov tov dvBpaka AapPdavoviayv vroym
OTNV GLVOAIKY| cuvapTnon apaywyns. Eriong dtacmhoape v teyvoroyikn tpdodo,
mov kotd Tov Solow odnyel oe avantuén, o€ texvoAOYIKN TPOOOO TG Epyaciog Kot
oV gEowovounon tov pinov. Ta aroteléopatd pag dciyvouv 0Tt GTav Ol EKTOUTES
TOV pOTOV avEAvovTal, ol TaPUdOGLUKEG LETPTGELS TOV KOTAAOITOV VIEPEKTILOVY TO
KATOAOITO o€ OY€om HE TA OIKA HOG OTOTEAEGHOTO, OmOdIdOVTOG HEPOG NG
OLVEIGPOPAG TOL TTEPPAAAOVTOC GTNV TEXVOAOYIKN TtpO0odo. To avrtibeto cvuPaiver
OTaV 01 EKTOUTEG TV POTTOV UELOVOVTAL, ONANOT 0TaV LVILdpyovv amobépata tov [1X
mePPAALov, TOTE Ol TAPUOOCLOKEG HETPNOES TOL KOTOAOITOL VLTOTYHOVV TO
Katdlowto og oyéorn pHe To oA pog omoteAéopota. To péyeBog tng amodkAlong,
Bacileton 010 péyeboc g extipnong g CNUIS TOV EKTOUTMOV TOL SLOEELSIOV TOL
dvBpaxa. Me Bdon ta mopamdve M mTpocéyyon pog pmopel va Bewpnbel cav pia
«mepiParrovtikny 1 tpdowvny pebodoroyior pétpnong g peyébuvong g GLVOMKNG
Topayoyikotrtos tov 11X,

Ol OIKOVOUETPIKEG EKTWNGCELS TIG omoieg epapuocape oav pio mePocdTePo
aomom péBodo HETPNOMNG TOV «TPACIVOLY KOTAAOImov, pog delyvouv OTL yio TV
nepiodo 1965-1990 mov avaAvovpe, 0 HEGOS OPOG TOL EKTIUMOUEVOL KOATOAOITOL
Bplokotav mepimov oto 1%, N younidtepa. Eniong o extipunoelg pog €dsi&av 0Tt ot
exmouneég tov Oo&ediov tov dvOpaka €lvol OTOTIOTIKG CNUOVTIKY €1GPON CTNV
oLVAPTNOT KOt OTL 1 TEYVOLOYIKT TPOOSOS TOV PUTMV GUVLTAPYEL LE TNV TEXVOAOYIKN
npdodo G epyaciac. Avtd vmovoel 0Tt M ypfon ToL TEPPAALOVTOS OV
npooeyyiletal and TIg EKTOUTES TOV S10EE1010V TOV AvOpaKa OV Eivol «ATANPMTOG)
OUVTIEAECTNG OTNV TOPAY®YIKY] Odikacio, oLvelsPépel otnv  peyébuvon 1oL
oLVOAMKOV TTPoidvTog pall pe 10 Tapayouevo Ke@dAalo, T0 avOpOTIVO KEPAAMIO Kot
mv gpyocio Kot 11 cuvelsPopd Tov Ba Empeme va VTOAOYILETOL OTIC UETPNGELS TOV
Katdlomov. v mepintmon mov kobopllotav €vag «Epiotocy eOpPOg EMAVD OTIS
EKTOUTES, oVTO B0 ecmTEPIKEVE TIC EEMTEPIKOTNTEG TOV ONUIOVPYOVVTIOL OO TNV
¥PNON TOL amANp®TOL TTEPParrovTikoy TIZ Kot avtdg 0 cvvtereotng Ba amokTovoE
. Hapdra avtd, vrapyel tavta o kivovvog va vrepektiunel 1 va vrotunbei 1
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CKOWOVIKA aplotn» xpnon tov mopdyovia mepiPdirov. Ta amoteléopatd pog
£0e1&av OTL av o1 oplakég CNUIEG NTay OYETIKA VYNAEC, 1 KOWVAOVIKA APLoTN YPTOT TOV
nepPaAlovtog oty ddikacia peyéBuvong, Ba tav oxeTikd pkpn, eved 1o ovtifeto
Ba toyve Yo younAég oprokég (nuéc.

H ovveiopopd 100 mepPdAlovtog eivar PETPOIUN KOl TO OTOTEAEGUOTO LLOG
KOTOOEIKVOOVV OTL 1] GUVEIGPOPH TOV EKTOUTMV TOL doEEiov tov dvBpaxa eival
OTOTIOTIKG OMUOVTIKY, HE éva pepidto Tov TEPPAAAOVTOS GTO GUVOAIKO TTPOTOV TNG
tEemc Tov 14%. Av amd tn Aom Tov TPOPANLOTOS TOV KOWMVIKOD GYESOGTY| ELYOLE
pio extipmon tov A, oL €ival 1 AOYIGTIKN TN TOV EKTOUTAOV TOV O10EE0{0V TOV
dvBpoaxa kol vwoAoyilape 1o HePidlo TV pOHTWV, TOTE TO KATAAOUTO UIopel vo E01ve
Kot apvnTikd omoteAécpota. Avtd pmopel vo eEnynbel wg €€ng: M cvvoAlkn yxpnom
TOV E6PODV OTNV  TOPOYOYIKY SlodKocio  cvumeptAapPavonévng Kot Tng
TEPPOALOVIIKNG €GPONG CMOTA omoTiunuévNS, vmepPaiver v peyébuvorn tov
OUVOAIKOU TPOIOVTOG 7OV OMUIOVPYEITOL OO OVTEG TIC EWGPOES. XE OUTN TNV
nepinTOon, N avantvén mov ypnoonolel aninpwtovg I1X, dev pnopet va Bempnbel
OELPOPOC.

To povtélo mov €@apUOCAUE Y10 VO LETPGOVUE TO KATOAOITO GTNV TEPIMTMOOT)
Tov 23 avartoypéveov yopov tov OOXA pe v ewooywyn tov meplBdAiovtog,
EMEKTAONKE KOl €PAPUOCTNKE OGNV TEPITTOON 21 AVOTTUGGOUEVOV YWOPDV GTO
KePOAono 7. Xkomdg pog kol €0® glval vo PETPGOLUE EovaA TNV GLVEICEOPE TOV
nepdAlovtog, mov mpooeyyiletor mIA amd TG ekmOumég ToL do&ewdiov TOL
GvOpoKa, GTO YKPOLT TV AVATTUGCOUEVOV YOPOV KOl VO TAPOVUE OTOTEAECUOTO
YW TO KOTOAOITO KOl TNV GLVEIGPOPA TOL €ETpa aVTOD TOPUYWYIKOD GUVTEAECTH
otV peyébuvon tov cuvolkol mpoidvtog. Baciotikape oy idwo peBodoroyia pe
OTY] TOL KEPAAAIOV 6 KOl TOL OMOTEAEGLOTO TOV LETPNGEMV TOV KATAAOITOL Y1 TNV
nepiodo 1965-1990 eivor maAl g 1a&emg tov 1%. H cuvelopopd tov ekmopm®v tov
dro&ediov tov GvBpaka, amedeiybel Eava GTATIOTIKE GNUOVTIKOG TOPAyovTag e Eva
pepidlo 6to GuVOAKO TPoidv NG owkovouiog g TaEng Tov 33%.

Téhog oto kepdrowo 8, yivetar pio teAevtoio €MEKTACT TOV TOPAOOGLUKOV
KOTOAOITOL YPNOLOTOIDOVTAS OVTH TNV QOPE GOV TPOGEYYIoN Yo TV XPYNOT TOV
nePPAALOVTOS OGNV MOPAY®YIKN  JdlKaGioe TNV YpNomn TG EVEPYELOG.
XPNOOTOOVUE PO GUVOAIKY] GUVEPTNOTN TOPAYM®YNG EMOLENUEV UE TNV €16PON
evépyeta, opilovpe o PePidd TV EIGPODY TOV XPNGLOTOLOVVIOY GTNV TAPOYWYT CE
éva TAOUG10 piog avTOY®OVIGTIKNG 100ppomios. Xe avtd To TAAiclo 1 gvépyslo eivan
évag ev puépet apelpopevog IE. Avtd ocvpPaivel emedn 1o pepidlo g evépyelog
umopel va Bewpnbel O6tt meprhapufaver éva pépog mov omuovpyel eEmtepkOTNTAL,
(exmoumég O10&ediov to GvBpaxa) Kol oVTO TO PEPOG MOPAUEVEL OTANPMOTO GTNV
dwdkacio mopaywyne. Apo Kot 1 xpnon g evépyelag ivorl pia v pépet apeopevn
gwopon| otV mopaymyr. Mo cvykekpipéva, mapdAo mov 1 evépyslo €xEL TN GOV
TOPAYOYIKOG GUVTEAEGTIG GTNV TOPAYWOYT, VIAPYEL EMIONG Eva LEPOC TNG EVEPYELNG
7OV €tvat 01 EKToUTEG d10&Ediov To AvOpaKa OV dNUOVPYOVVTOL OO TNV TAPAYWYT,
OV TOPAUEVOVY OTANPOTEG QPO OEV LIAPYEL TOMTIKT] POPOAOYNONG TOV POTOV
Kuplog v v ypovikny mepiodo mov avarvovpe (1965-1990). [poomabncape va
Adoovpe avtd 10 TPOPANUE TPOCAPUOLOVTOC TIG TOPAOOCIOKES UETPNOES TOL
KaToAoimov pe Tig oplokég TePPOALOVTIKESG CNUEG omd TIG eKTOUTEG TOV dto&etdiov
Tov GvBpaka mov oyetilovron pe T ¥PNON TNG EVEPYELNS. XPNOLUOTOMCAUE o
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OCULVAPTNOT TOPAYMYNS YO VO EKTIUNCOVUE TO HePido Tov [IX kot ekTiunoope to
OLVOAIKO KatdAowmo (Yo éva YKpoum 23 avamtuypévey yopav) ancvdeiog amd v
GLUVOMKT cuvaptnon mapoywyns. Emiong vroloyloaue ta pepovopévo katdroro
avl YOPO XPNOLOTOLOVTOG TO. HEPIOO TOL LIOAOYIGTNKOV OO TNV EKTIUNGM NG
OCLVAPTNONG TOPAYWOYNG CLVOLOCUEVE LE TOLG WEGOLS Opovg TV afldV TV
TOPAYOYIKOV GUVTEAEGTAOV KOl TOL TEMKOV TPoidvTog avd ympo. Me avutd tov TpOTO
VIOAOYICAUE TIC LETPNOELS TOV «TPOCUPLOGLEVOLY) KOTAAOITOV OQUPAOVTOG OO THV
peyeBuvon tov GuVoAlkoD TPOIOVTOG TNV a&iot TOV ATANPOTOV UEPOVG TNG EVEPYELNG
nmov oyetileronr pe TG ekmoumég tov oo&ewiov Tov AvOpaka Tov dgv Exouvv
VTOAOYIOTEL OTIS TMOPAOOCIOKES HETPNOES TOV KOTAAOITOL AOY® NG EAAEWYNG
TEPPAALOVTIKNG TOMTIKNG (POporoyia).

Ermiong, ypnowomomoape tpéyovceg (nuég and Tic ekmopmés oto&ediov tov
avBpaka, Yo va mpooeyyicovpe v a&io Tov anmiipwtov pépovg tng evépyetas. Ta
OTOTEAECLATO OGS KOTASEIKVOOLV OTL Ol HETPNGELS TOL TTOPOOOGLOKOD KOTAAOITOV
aAlalovv onuavtikd oe oyéon pe o véa amoteléopata. To VEO «TpocapLOCIEVOH
KOTAAOUTO, UOPEl v TAPEL aKOUO Kol apvnTIKES TIHEG e€aptapeveg and v adia
mov amodidovpe ot oplakég CNUEG mov SMUOLPYOVLVTOL OO TOVS PVUTOLS TOV
do&ewdiov tov avBpoka. Av avti n afio givar kovid otovg 20$/tCO2, 1tOTE TO
Katdlowmo maipvel apvnTikég TES. Avtd onuaiver O6tL Otav KABE €10poN TOL
YPNOOTOIEITOL GTNV TOPAYOYN CUEPETOL TANPWOS YO TNV GLVEIGPOPE TG GTNV
ueyéBuvomn Tov GLVOAKOV TPOiOVTOC, Oev VIapyel «katdiowmo». Otav n a&io g
oplokng g amd tovg pvmovg tov doéewdiov Tov GvBpaka eivor Kovid oTa
5$/tCOz2, 16te 10 KOoTGAOowo eivan Betcd. Ta amotedéopota pog vrootpilovv v
wéa 0Tt uépog avtod mov Bewpeitor cav KOTAAOITO €lval GTNV TPOYUATIKOTNTA TO
ATAPOTO UEPOS TNG YPNONG TOL TEPPAAAOVTOG GTNV TOPAYMYN KOl Ol EUTEIPIKES
petpnoelg pog vrootnpifovv Ot TOLAQYoTOV €va UEPOC avtoh oL Bewpeitan
TaPOd0CLOK( GOV KATAAOLTO, EvaL 1 AVOTTOAOYLGTH YPNON TOV TEPPAAAOVTOG GTNV
dwowacioa g peyéBuvone. Téhog oto kepdiono 9, mapovcialovror OAa Ta
ocvumepdopato e Adaktopikng Atatpipngc.

Ye ovt) ™ JTpPn ovadlvdnkav Kot avoamTuxdnkov Kpumiple ogwpopiog oto
omoior M aelwpopio oyetileTon pe TNV SWTNPNON TG TAPUY®YIKNG PAong pog
owovopioc. Poég kot 610K ekmopndv tov d10Ee1dion Tov dvBpaka kot dto&ediov Tov
Beiov ypnowomomOnkav cav mapdyovteg mov kabopilovv v peyéBuvon kot Egovv
emintmon ot cvvinkeg aelpopiog ¢ mopaymywkns Paons. ‘Eywve gpappoyn tov
BeopnTiKOV Kprplov og Eva PHeydlo aplfud otkovopumy Kot OepeAiddnke epumelpikd
OTL TO QOVOUEVO TOV BEpUOKNTIOL €€l ONUOVTIKY APVNTIKY EMITTMOON GTIG GUVONKES
dTPNoNG TG TapAy®YIKNG Bdong pa otkovopiog. X£to 0e0TeEPo PEPOG avamTuyOnke
TO VIOJEY LA LETPNONG TNG TOPAYOYIKOTNTOS OTAV TO TEPPAALOV glval Tapay®YIKOS
oLVTEAEOTNG. AglytnKe EUmEPIKA OTL Ol TOPAOOCLOKEG UETPNOELS TOV KOTAAOITOV
etvar peponmrikég otV mepintmon avtny kot 6t pépog g peyébuvong 1o omoio
amodideToL TNV TEYVOLOYIKT €EEMEN 0PeileTon GTNV YPNOT TOL TEPIPAALOVTOG MG LN
APLEPOUEVOL TTOPAYOYIKOD GUVIELECTY.

Avtd to amoteAéspata cuvoyilovy TV GLVEIGEOPA TNG TOPOVGOS JTPPNC.
YUYKEKPEVA 1] GLVEIGPOPE TNG OaTpPg £yKeTal 6Ta TAPOKAT®: (1) 6TV avATTLEN
eVOg KOA®G opwopévov Bewpntikod mAouciov xpumpiov aewpoplds oe dpovg
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dlTpnong g Topay®YIKNG PAong Hog OKOVOUIOG, T Omoio EMTPEMOVLV TNV
eCoymyn EUMEPIKOV CLUTEPOCUATOV CYETIKA HE ovvOnkeg oaegwpopiog, (i) otnv
EPAPLLOYY] TOV KPITNPIOV VIOV GE HEYAAEG OLASES OWKOVOUL®VY Kot otV e€oymyn
EUTEPIKAOV EVOEIEEMV GYETIKA UE TNV OEIPOPLE TOV OIKOVOULDY OVTOV KAT® oo
oLVONKEG KALATIKNG OAAOYNG TPOKAAOVUEVNG A0 TO POVOLEVOL TOV Bgppoknmiov,
(111) otnv ompovpyia evog £vvOlOA0YIKOU TAOGIOV OApOPOMOONS TOMTIK®OV Tov Oa
npo®Bovv TV aepdpo avamtuén, (iv) ot avdmtuén pebodoroyiag mposdlopIGHOL
NG GLVEIGPOPAS TOL TEPPAAAOVTOS MG GLUVTEAEGTY| TAPAYMOYNG GTNV OAOIKAGTO TNG
OWKOVOLKTG HEYEBLVONG KOl GTNV UETPNOT TNG GLVEICPOPAS OVTNG Yo UEYOAES
OUAOEG AVOTTTUYUEVAOV KOl OLVATTUGGOUEVMY OIKOVOLLAV.
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1 Introduction

The present dissertation deals with sustainable development and seeks to
arrive at a definition which can be effectively used as an indicator of sustain-
ability. We want this definition to be theoretically sound, and at the same
time useful for empirical assessment of sustainability conditions.

In this context, the first part of the thesis addresses theoretical and ap-
plied issues related to the concept of productive base sustainability. Feedback
and arbitrary rules are used for selecting policy variables in non-optimizing
economies, accounting prices are determined, changes in current social wel-
fare conditions are theoretically defined and measured and the concept of pro-
ductive base sustainability is defined and empirically estimated for a number
of real economies. The state of the environment with particular reference to
global warming and climate change, which is considered as one of the most
urgent and severe problems of the international agenda today, is introduced
in our model as a basic determinant of productive base sustainability along
with produced and human capital. The state of the environment is proxied
by the stock of Carbon Dioxide (C'O3) emissions, which is mostly respon-
sible for the creation of the global warming phenomenon. Different policy
scenaria for the evolution of global C'O, emissions confirm empirically the
strong association of the state of the environment with productive base sus-
tainability and provide the foundations for the formulation of sustainability
policy. Productive base sustainability, as defined and estimated in the first
part of the thesis, depends among other factors, on Total Factor Produc-
tivity Growth (TFPG). If however, TFPG measurements do not take into
account the contribution of environment to output growth and this contri-
bution is wrongly attributed to TFPG, then productive base sustainability
measurements might be biased.

This issue is addressed in the second part of the thesis, which explic-
itly acknowledges that the use of the environment as a factor of produc-
tion contributes, in addition to conventional factors of production, to output
growth and thus it should be accounted for in total factor productivity growth
(TFPG) measurement and deducted from the traditional Solow ‘residual’.
The traditional growth accounting methodology is extended and a theoreti-
cal framework of green growth accounting is developed with the introduction
of the environment as a new factor of production, which is unpaid or partly
paid in the absence of environmental policy. The concept of "Green Growth
Accounting", is empirically applied to the case of 23 developed OECD coun-



tries and 21 developing countries. The results strongly suggest that the use
of the environment, in the form of C'O, emissions as an input in produc-
tion, contributes in addition to conventional factors of production, to output
growth and should be accounted for in TFPG measurements. Approach-
ing the use of the environment with the use of energy as an input in the
production process is another way of approaching the green or externality
adjusted TFPG. Traditional TFPG measurements change drastically for 23
OECD countries when the unpaid part of energy, which is associated with
environmental externalities in the form of C'O, emission’s becomes internal-
ized by taking into account in TFPG measurements, the environmental cost
of C'O, emissions, in which case externalities associated with production are
"fully" paid and thus internalized. This externality adjusted TFPG is practi-
cally zero, meaning that hardly any TFP is left as a residual to drive output
growth.

1.1 Review of the Literature

In order to provide an outline of the framework within this thesis is developed,
we start with a brief review of the literature associated with Sustainability
and Total Factor Productivity Growth measurements.

1.1.1 The Concept of Sustainability

"Sustainable development is development which meets the needs of the present
without compromising the ability of future generations to meet their own
needs"!. Based on this definition which constitutes the cornerstone of the
concept of sustainable development, the current dissertation is an attempt
to analyze sustainability. We develop a definition which is theoretically well
founded and can provide empirical evidence regarding the sustainability con-
ditions of an economy. The attempt to make the above definition of sustain-
ability an operational and empirically tractable definition is not an easy task.
Such an ethical concept which involves the idea of taking into account the
well being of future generations without reducing the well being of current
generations, is a concept that demands a great deal of effort to be trans-
formed into something properly defined and measurable. This is because the
idea of sustainable development is complex and encompasses different fields

!The Brundtland Commission Report - also known as "Our Common Future", (WCED
1987, pg 43).



and aspects: social, ecological and economical. Social, environmental and
economic sustainability cannot be separated and distinguished completely.
There are very strong linkages between the three and each definition cannot
be completely separated from the other.

Social sustainability implies the maintenance of social capital?. A notion
of economic sustainability requires that the economic capital should be main-
tained. Environmental sustainability means that natural capital should be
maintained and preserved®. These three different concepts of sustainability
are interlinked and constitute the foundation of sustainable development, de-
velopment that meets the needs of the present and by also taking into account
future generation’s needs. The idea of preserving the well-being of current
and future generations is the ultimate goal for a sustainable future. In or-
der for this idea to be applicable in practice, several kinds of capital (human
made capital, human capital, social capital and natural resources) have to be
preserved and shared with future generations since they are seen as a com-
mon heritage of mankind to which every generation should have the same
right of access. A definition, able to include all these aspects and express
them in economic terms, can be considered as an efficient definition for mea-
suring whether development is sustainable. Some of the basic questions that
arise is whether the quest for an equal treatment of an infinite number of
generations is an attainable and possible goal and how this concept can be
expressed in economic terms.

Sustainability has also appeared in the literature in four "degrees". The
weak, the intermediate, the strong and the absurdly strong or superstrong
sustainability. Fach one of these degrees imply the maintenance of four types
of capital®.

2Social sustainability can be achieved by systematic community participation and
strong civil society. Social capital is constituted by cohesion of community, cultural iden-
tity, diversity, comity, tolerance, institutions, pluralism, laws, discipline, etc. Goodland
R., (1995).

3Environmental sustainability (ES) seeks to improve human welfare by protecting the
sources of raw materials used for human needs and ensuring that the sinks for human
wastes are not exceeded in order to prevent harm to humans. Natural capital (the natural
environment), is defined as the stock of environmentally provided assets which provide a
flow of useful goods or services. These can be renewable or non-renewable, marketed or
non-marketed. ES means sustainable production and sustainable consumption. Goodland
R., (1995).

4The four types of capital are natural capital, human capital, human made or produced
capital and social capital.



Weak environmental sustainability means maintaining the value of total
capital intact without regard to the partitioning of that capital among the
four kinds. Intermediate environmental sustainability requires that in addi-
tion to maintain the total value of capital intact, attention should be given
to the composition of that capital with regards to natural, manufactured
and human capital. Strong environmental sustainability requires maintain-
ing several kinds of capital and absurdly strong or supestrong environmental
sustainability means that we should never deplete anything. In other words,
non-renewable resources cannot be used at all®.

1.1.2 Historical Retrospection and Definitions of Sustainability

Going back to the concept sustainable development, we provide a brief his-
torical retrospection and observe that the idea of sustainable development
has its origins in the classical economists.

Well before "Our Common Future" (WCED, 1987) made the concept
of sustainability a very popular term, the idea of sustainable development
was already present in the discussion about scarcity and growth. Malthus,
Ricardo, Mill, Hicks, Pigou and many others had predicted that scarcity
of natural resources would lead to retardation and eventually cessation of
economic growth®. Hicks defines income as the maximum amount that can
be spend on consumption in one period without reducing real consumption
opportunities in future”. At the national level, national income can be defined
as consumption that if kept constant would yield the same present value as
the actual future consumption path®. Thus in Hicksian terms, "Our Common
Future" may be saying that the present should consume within our income.
If we further want to extend this, we can say that in this case income should
be constituted by all types of capital and not just manufactured capital
and labor but also human capital, knowledge, environmental capital, social
capital, etc. This view can be also linked to the issue of growth accounting
where we want to measure the contribution of each type of capital in total
output growth?.

Solow and Hartwick have argued that the idea of sustainability can be

®Goodland R., (1995).

6Barnett and Morse, (1963, p. 2), in Pezzey, J., C.V, and Toman A., Michael (2004).
THicks J., (1946).

8 Asheim G., (1997).

9Heal, G. M. (1998).



expressed by the minmax criterion. Maximizing the welfare of the least
well-off generations, can be expressed as follows:

{max {min {welfare,; } } }

where welfare; is the welfare level of generation ¢. The requirements are to
find the welfare level of the least well-off generation on a feasible path and
then to seek the feasible path that can provide the highest value of this
minimum level'°.

Post-classical economists analyzed the natural environment and optimal
policy in the context of externalities caused by pollution and emphasized the
need of environmental consciousness.

Weitzman in 1976, was the first to put the foundations of a green NNP
(Net National Product) concept. He proved that the conventional measure
of income product is precisely the level of consumption that if obtained per-
manently would have a present value equal to the economy’s wealth. A clear
notion of sustainability. Then, NNP is the Hamiltonian for a general opti-
mization problem. If all investment were convertible into consumption at the
given price transformation rates the maximum attainable level of consump-
tion that could be maintained forever without running down capital stocks
would appear to be NNP. The maximum welfare attainable from time ¢ on,
along a competitive trajectory would be:

/OO C*(s)e "V ds (1)

In this sense NNP is what might be called the stationary equivalent of future
consumption'!.

Many international agencies such as the United Nations Environment
Program (UNEP), the International Union for Conservation of Nature and
Natural Resources (IUCN), have dealt with the subject of sustainable devel-
opment. The World Conservation Strategy published in 1980 (IUCN 1980),
the World Commission on Environment and Development, the so called
Brundtland Report in 1987 and many others have backed and further de-
veloped the idea of environmental concern and environmental limits. The
fundamental point in Stockholm in 1972, was that development need not be

10Heal, G. M. (1998).
UWeitzman , M., L., (1976).



impaired by environmental protection. Thus, the conflicts between environ-
ment and development should be resolved. Furthermore, development was
needed in order to improve the environment. The Brundtland Report (1987),
therefore starts from the premise that "development and environmental is-
sues cannot be separated. The creation of degraded environments cannot
be seen as simply an unfortunate by-product of the development process. It
is an inherent part of that process itself and the way in which development
projects are planned and executed"!?.

In 1988, Markandya and Pearce argued that the basic idea of sustain-
able development is simple in the context of natural resources (excluding
exhaustible resources) and environment: the use made of these inputs to the
development process should be sustainable through time. If we now apply the
idea to resources, sustainability ought to mean that a given stock of resources
- trees, soil quality, water and so on - should not decline. John Pezzey in
1989, defines sustainable development as the non-declining utility (U). Maler
in 1991 states that "economic development is sustainable if and only if utility
is non-decreasing over time". Also, Solow states that: "the duty imposed by
sustainability is to bequeath to posterity not any particular thing but rather
to endow them with whatever it takes to achieve a standard of living at least
as good as our own". (Achievement of constant utility). The World Bank in
1992, argues that sustainable development means basing developmental and
environmental policies on a comparison of costs and benefits and on careful
economic analysis that will strengthen environmental protection and lead to
rising and sustainable levels of welfare!?, etc.

During the Conference on Environment and Development which was held
in 1992 by the United Nations (UNCED), the discussion was how individual
countries and the whole world can achieve environmentally sound develop-
ment. The Rio Declaration on Environment and Development, which was
composed during this conference argued the following: "human beings are
at the center of current concerns for sustainable development", "the right
to development must be fulfilled so as to equitably meet developmental and
environmental needs of present and future generations", and "in order to
achieve sustainable development, environmental protection shall constitute
an integral part of the development process and cannot be considered in isola-
tion from it". The World Bank and the World Development Report in 1992,

12W.M.Adams, (1990).
13World Development Report, (1992).
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explains the notion of sustainability as follows: "Sustainable development
means basing developmental and environmental policies on a comparison of
costs and benefits and on careful economic analysis that will strengthen en-
vironmental protection and lead to rising and sustainable levels of welfare".

Pemberon and Ulph (2001), stated that an economy was acting in a sus-
tainable fashion at a particular moment of time, if the value obtained from the
vector of capital stocks it was passing on to the future, was the same as the
value obtained from the vector of capital stocks it inherited. Alternatively,
an economy was instantaneous value sustainable!* if the instantaneous rate
of change of its value at a particular moment of time, was zero. Pemberon
and Ulph concluded by stating that inclusive income'® equals instantaneous
constant value income although inclusive income does not measure the level
of welfare or value. Inclusive income is useful in determining whether or not
the economy is achieving instantaneous value sustainability. The difference
between inclusive income and consumption determines the rate of change of
value.!'® There is also the idea of achieving constant utility from now on-
wards!” and the idea of having the representative agent’s utility U(t) (well
being) not exceeding a maximum level of utility U™(t), (where U™ is maxi-
mum utility) which can be sustained forever from ¢ given the capital stocks
existing at ¢'5.

In the context of the alternative approaches which have been developed
for defining sustainable development, the idea of associating sustainability
of the economy’s productive base to Non-Declining Social Welfare (NDSW),
that is avoiding any decline in the present value from time ¢ and onwards
defined in terms of a Ramsey-Koopmans Social Welfare Functional (R-K
SWF)! is fundamental for this thesis.

According to Arrow et al. (2003), sustainable development, defined as
non-declining social welfare (NDSW), implies and is implied by the mainte-

!4Instantaneous value sustainability requires that the present value of future utility is
constant at an instant of time. see. Pemberon M., & Ulph D., (2001).

Inclusive income is green national income which is equal to the maximum value of
consumption plus the net change in all the relevant stocks of capital that is feasible given
the stocks of capital. see. Pemberon M., & Ulph D., (2001).

16Instantaneous value sustainability requires that the present value of all future utility
be constant at an instant of time.

17Solow (1974), Hartwick (1977).

8Pearce et al., (1990), Pezzey, (1992, 1997).

YRiley (1980), Dasgupta and Méler (2001), Pemberton and Ulph (2001), Arrow et al.,
(2003).
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nance of the economy’s productive-base?’. The idea is that each generation
should bequeath to each successor at least as large a productive base as it
inherited from its predecessors. For this to be achieved, the productive base
of the economy should be preserved for the future generations. This main-
tenance and preservation of specific types of capital can ensure according
to Arrow et all. (2003) a sustainable future. In the same spirit Dasgupta
(2002) argues that the value of an economy’s capital assets is total inclusive
wealth which includes manufactured capital, human capital and natural cap-
ital. To say that wealth increases is to say that in the aggregate there has
been a net accumulation of capital assets. The net accumulation of capital
assets is called genuine investment which can be either positive or negative.
Positive genuine investment means that development can be considered as
sustainable or productive base sustainable in our terminology while negative
genuine investment implies unsustainability in terms of preserving the econ-
omy’s productive base. If the productive base of an economy is growing, then
according to Arrow et all, development can be characterized sustainable. In
other words, if:

v

Vi= T >
where V, at time ¢ is the rate of change of a Ramsey-Koopsman Social Welfare
Function (R-K SWF), this implies non declining social welfare of an economy.
Then development can be characterized as productive base sustainable ac-
cording to the definition of inclusive wealth. Dasgupta and Mler have shown
that when V is estimated on the bases of accounting prices?!, wealth mea-
sures not only current but also future well-being. Accounting prices reflect

trade-offs among present and future well beings and among contemporaries
too*2.

0 (2)

This variety of definitions and approaches, illustrates the increased inter-
est associated with the subject of sustainable development, and also suggest
the urgent need for the development and use of a well defined and measur-

20The productive base of an economy includes a list a assets such as manifuctured
capital, human capital, natural capital and knowledge.

21"The accounting price of an asset, is the improvement in the quality of life (social
welfare) that would be brought about if a unit more of that asset were made available
costlessly. Alternatively, the deterioration in the quality of life that would occur if there
were a unit less of that asset." Dasgupta P., & Miiler K., (2001).

22Dasgupta P., & Miler K., (2001).
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able definition able to provide empirical results of the so-called sustainable
development process.

The global warming phenomenon and the associated climate change keep
attracting increasing interest at the national and international level. This
makes the need for a theoretically well defined and empirically tractable
definition of sustainable development even more urgent. Reports such as the
IPCC report?3, the Stern Report etc stresses the point that a sustainable
future will be an unattainable goal for the years to come, if we will not
change the way we handle the global warming phenomenon today. This
phenomenon, which is closely interlinked with environmental sustainability,
if not controlled by governments can cause irreversible damage to future
generations.

An approach capable of defining and measuring the impact of environ-
mental degradation associated with human actions, such as climate change,
on sustainability is what we call in this dissertation a productive base ap-
proach to sustainable development. It is based on the time derivative of the
Ramsey-Koopman Social Welfare Function (R-K SWF) introduced in (2). If
the R-K SWF at time ¢ is positive, this implies that genuine investment is
also positive and total wealth increases. If on the other hand the R-K SWF
at time t is negative, genuine investment is also negative and total wealth is
in decline. Thus, policies that lead to persistently negative genuine savings
or investment are considered unsustainable.

1.1.3 Total Factor Productivity Growth and Sustainability

An important issue that comes up during the analysis of productive base
sustainability, is how we measure the contribution of each factor of produc-
tion in output growth. The methodology we use is the growth accounting
methodology that measures the contribution of each factor of production in
total output growth. The factors of production are paid their marginal prod-
uct in the production process in the context of a competitive equilibrium
and the part of growth that remains and is not attributed to the use of those
factors, is named after Solow?* as the Solow "residual". The residual is the
part of growth that cannot be explained through factor accumulation and
appears as technological progress.

ZIPCC Special Report on Emissions Scenarios
24Solow (1956).
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The theory of growth accounting was first developed by Solow (1957),
Kendrick (1961), Denison (1962), Jorgenson and Griliches (1967) and Griliches
(1997) which provided the foundation of the theory of growth accounting and
the determinants of the residual.?’

Starting with Solow model, the basic production function used in growth
accounting methodology is the following:

Y = F(K,A,L) (3)

where K is the capital stock, A is the level of technology and L is the quan-
tity of labor. The growth rate of output can be divided according (3) into
components associated with the accumulation of the inputs (K, L) and tech-
nological progress (A). Then if the factors are paid their marginal products,
so that 2£ = Ry (the rental price of capital) and 25 = w (the wage rate),

oK
the Solow residual can be defined as:

STl

where gg is the Solow residual or the Total Factor Productivity Growth
(TFPG). s;, and sk are the shares associated with capital and labor and
%, %, % are the rates of growth of capital, labor and technological progress
respectively?".

Apart from the traditional way Solow introduced for measuring TFPG
from factor quantities, there is another way to measure the residual from
factor prices. This methodology, introduced by Hsieh (1998), is called "a
dual approach to growth accounting" and this idea goes back at least to
Jorgenson and Griliches (1967)2".

Using an equality between output and factor incomes we have:
Y =RK +wL (5)

Differentiating both sides of (5) with respect to time, dividing by Y and
rearranging the terms, we have:

X— 54_5 + E_Fé (6)
y " \RTK) T \w L

2Barro, (1999).
26Barro, (1999).
2TBarro, (1999).
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where six and s, are again the factor income shares. If the terms involving
the growth rates of factor quantities are placed on the left-hand side of the
equation, then the estimated TFP growth rate is given by:

_X_ 5 _ £ — E+ E (7)
Q—Y SK I% SL I —SKR SLw

The dual estimate of TFPG (7) uses the same factor-income shares sk and
sz, as the primal estimate (4) but considers changes in factor prices, rather
than quantities. In (7) rising factor prices can be sustained only if output is
increasing for given inputs. Therefore, the appropriately weighted average of
the growth of the factor prices measures the extent of TFP growth?®.

Apart from these two basic methodologies of approaching and measuring
TFPG, there are also other models that tried to deal with the subject of
TFPG. Griliches (1979), Romer (1986), and Lucas (1988), have constructed
models of economic growth with increasing returns and spillovers.

Romer presents the learning-by-doing model. The basic idea is that pro-
ducers learn by investing to produce more efficiently and the knowledge spills
over immediately from one firm to others so that each firm’s productivity de-
pends on the aggregate of learning, which is reflected in the overall capital
stock. In this case, the calculation of TFPG includes the growth effect from
spillovers and increasing returns along with the rate of exogenous techno-
logical progress in the Solow residual and is reflected in the equation that

follows:
gIRS:%"‘ﬁ(%):é_g(%>_(1_a)<%) (8)

During the last decades alternative approaches have been used to measure
TFPG, which include approaches which basically involve disaggregations and
refinement of inputs in the production function.?? Product varieties models
were presented by Romer (1990) and Grossman and Helpman (1991, ch. 3)
and Spence (1976), Dixit and Stiglitz (1977) and quality-ladders models of
technological change are present in the recent endogenous-growth literature
from Aghion and Howitt (1992) and Grossman and Helpman (1991, ch. 4).

28 Barro, (1999).
2Gee for example, Barro (1999), Barro and Sala-i-Martin (2005).
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Based on all the above, we choose to develop a green TFPG methodology
based on Solow’s tradition, which can show the contribution of the environ-
mental factor - natural capital - to output growth and this way reveal the
link between sustainable development and TFPG.

To do this, we introduce natural capital in the production process and
argue that this environmental capital proxied in the form of COy emissions
or energy (considered as inputs in production) can be sources of growth.
We observe that this extra environmental inputs contribute in total output
growth along with the traditional factors of production, capital and labor.
We analyze the contribution of those environmental factors that are unpaid
or partially paid in the production process and the results we obtain provide
us potentially significant policy implications.

Productive base sustainability can be associated with non-declining social
welfare at time . One of the basic requirement for this, is the maintenance
of all types of capital for future generations (preservation of the productive
base of the economy). The concept of sustainable development can be fur-
ther elaborated by using the growth accounting framework that measures the
contribution of each type of capital used in the production of total output
growth and show that the so called Solow residual or the labor augmenting
technological progress is not the only determinant of growth but the envi-
ronment also plays a crucial role towards this direction.

1.2 Contribution to the Literature and Main Results

After the presentation of the many different approaches and definitions used
to capture the concept of sustainability, we use this section to describe the
methodological approach we develop in this dissertation and the novel the-
oretical and empirical results that we believe that contribute to the current
literature of sustainable development and TFPG measurements.

Our basic attempt in the first part of the thesis is to develop a theoreti-
cal model which could determine whether development can be characterized
sustainable, a model that could fit current economic structures and could be
used and applied to real economies. Beginning with the environmental con-
cerns and the catastrophic depletion of the natural environment, the most
commonly definition which addresses these problem is the definition of sus-
tainable development which focuses on the ideas of intertemporal distribution
and intergenerational equity.

According to Arrow et al. (2003), sustainable development is defined
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as Non-Declining Social Welfare (NDSW), which is expressed as the mainte-
nance of the economy’s productive-base. The idea is that the productive base
of the economy, that includes a list of assets such as manufactured capital,
human capital, natural capital and knowledge, should be preserved for future
generations (Arrow et al., 2003). Thus, if genuine investment, defined as the
sum of the investment in the above forms of capital, valued at accounting
prices, is non-decreasing over time, then social welfare is also non-declining,.
In this case the time derivative of the Ramsey-Koopmans Social Welfare
Function (R-K SWF) at time ¢ is non negative and development can be re-
garded as “productive-base sustainable”. This concept of NDSW or positive
genuine investment at time ¢, does not imply ‘utility-sustainability’ - that is,
utility at a level that can be sustained forever after ¢°.

Following the definition of Arrow et al., (2003) we develop a theoretical
model based on the time-derivative of a (R-K SWF) at a given time ¢, which
provides a measure of the rate of change of the economy’s current social
welfare, or a measure of genuine investment at this time. Social welfare at
any given time ¢ is defined by the felicity functional:

Vi — /too e PO (x (1), u () dr 7> ¢ 9)

where x = (x1,...,2,) is a vector of state variables (stocks of assets) and
u = (uq, ..., uy,) is a vector of control variables (policy instruments). The
function U (x (7),u (7)) can be interpreted as the welfare of the generation
living at time 7. Using a non-optimizing theoretical framework3!, we char-
acterize the current Change in Social Welfare (CSW) conditions at time ¢ -
when controls are chosen according to some feedback rule? or according to
some arbitrary rule. We also derive the novel result that when controls (or

30Pezzey (2004b), introduced the definition of sustainability in utility terms by stating
that if the utility of the representative agent at time ¢ is at a level that can be sustained
forever after ¢, this can been considered as a natural meaning of the economy been sus-
tainable at time t. As shown by Asheim (1994) and Pezzey (2004b), there are optimizing
economies where NDSW at time ¢ could imply that utility is unsustainable for a finite
time period.

31 A non-optimizing economy is an economy in which the government, whether by design
or incompetence, does not choose policies that maximize intergenerational welfare. The
term sustainability acquires particular significance when it is put to work in imperfect
economies, that is economies suffering from weak or even bad governance.

32 A feedback rule in this context is, for example, a behavioral rule according to which
instruments are determined in some relation to the values of the state variables.
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policy instruments) are chosen in an arbitrary way, which is independent of
the stock of assets,®® the current CSW depends not only on the growth of
the assets and their corresponding accounting prices, but also on the arbi-
trary paths of the controls. In this case the value function for the economy
depends both on current stocks and current flows and can be written under
a feedback or under an arbitrary -open loop- rule respectively, as:

Vt<xt;b) - /too e_p(T_t)U(g (d) (T - t7Xt7b))7¢(T - taxtvb)) dflO)
Vi (%, Wi b) = /tooe—p“—”Uw(T—t,xt,ﬁom,b>,ﬁo<7>>d7 (11)

The accounting prices for asset z; or control (instrument) u; at time ¢, are
defined respectively as:

A% A%
xi — o Ptuy — 7= 12
DPrz; Oz Dtu; 8ujt ( )
. dVy .
Vi = o denotes the rate of change of the R-K SWF or the CSW at time

t. When V, > 0, this implies non negative genuine investment and can be
regarded, in the context of Arrow et al. (2003), as an indicator of current
productive base sustainability or current non declining social welfare. When
V, < 0, or CSW is negative, this implies negative genuine investment and
thus unsustainability in productive base terms. This approach of measuring
the current CSW could be useful in providing an indication of sustainability
in terms of genuine investment in a non-optimizing context and maintenance
of the economy’s productive base and not in utility terms. Negative genuine
investment implies that we leave less productive capacity to future genera-
tions to satisfy their needs. More specifically, if an economy is not currently
productive base sustainable, then the time derivative of the R-K SWF at time
t is negative and genuine investment is also negative. This means that total
wealth is in decline and policies that lead to persistently negative genuine
savings are unsustainable®*. This methodological approach can be regarded
as a productive base approach to sustainable development.

33This implies a non-feedback (arbitrary) way of choosing the controls.

34The World Bank (2006, Ch. 3). Asheim (1994), Hamilton and Clemens (1999), Pezzey
(2004b), show that negative genuine savings at t, that is declining social welfare, implies
unsustainability in individual utility terms in optimizing economy. This result however
has not been shown to hold in a more general non-optimizing context.
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The value function (10) or (11) at any given point ¢ in time is taken
to represent social welfare from time ¢ onwards and this makes it possible
to characterize current CSW conditions in a general context and to provide
a basis for empirical estimation of these changes. The rate of change of
the R-K SWF is not just the sum of genuine investments in specific assets,
but it may also include the rate of change of policy instruments valued at
their accounting prices. Thus, in certain cases of non-optimizing economies
with arbitrarily choices of controls, genuine investment in assets might not
be entirely appropriate as has been regarded in the relevant literature, for
characterizing sustainability conditions. In these cases genuine investment
should be adjusted for the growth of the arbitrary chosen policy variables,
such as for example emission limits. Our theoretical model contributes to
the current literature both at the theoretical level as pointed out above and
the empirical level since the value function can be used to provide empirical
evidence about sustainability conditions. Our model was applied to data
from the Greek economy and estimates of the current CSW conditions in
Greece were obtained.

After having defined the criterion of productive base sustainability and
having obtained empirical results for the Greek economy, we extend our
model to a group of countries, developed and developing by considering the
issue of productive base sustainability in a context of one of the most ur-
gent and severe problems that exist in the international agenda today, the
global warming phenomenon. The global warming phenomenon is one of
the basic factors able to affect a sustainable future. Carbon dioxide (C'Os)
emissions along with other GHG’s emissions are some of the basic anthro-
pogenic drivers of the global warming phenomenon that can damage the well
being of future generations and thus sustainability. Our main purpose is
to relate global carbon dioxide (C'O;) emissions (that is mostly responsible
for the global warming phenomenon and climate change) to the concept of
productive base sustainability and empirically approximate the impact of
environmental degradation on current Social Welfare (SW) conditions. We
develop the conceptual framework and provide empirical results by establish-
ing a link between current CSW and global warming.

We formulate our model using the time derivative of a social welfare
function V; and develop a criterion that measures sustainability in productive
base terms under global warming.

We have the following definition:
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Vi=pe, K+ N+p, A+pzZ: +ppPr 20 (13)

where V'isa R-K SWF and p, , p, , D, Pz, pp, are the accounting prices for
capital, population, technology, the emission limit and the emission’s stock

respectively. K, N, A, Z., P, are the rates of change of capital, population,
technological change, emission limit and the emission’s stock. From (13)
we observe that, if the time derivative of a R-K SWF at time ¢ is positive,
then an economy can be considered as currently productive base sustainable
and genuine investment is also positive. If the time derivative of R-K SWF
at time t is negative, then an economy cannot be considered as currently
productive base sustainable and genuine investment is negative.

We then apply our theoretical model in 23 developed?®® and 21 developing
countries®® and estimate the current CSW conditions. Our results show that
CO, damages are an important parameter in defining current CSW that
plays an important role in current and future well being and productive base
sustainability. This conclusion is further confirmed in the second part of
the thesis where we analyze the topic that has drawn much attention in the
literature of growth accounting, Total factor Productivity Growth (TFPG).

As pointed above, Growth Accounting is the empirical methodology that
allows for the breakdown of output growth into its components and measures
the contribution of each component in output growth. Thus, the concept
of total factor productivity growth (TFPG) measures the part of output
growth which is attributed to technological progress (according to Solow).
We choose to extend the traditional Solow model by using the environment as
an extra source of growth in an aggregate production function and prove that
traditional TFPG estimates, which are estimates of TFPG when environment
is not taken into account as an input in production, can provide misleading
and insufficient results.

35The 23 countries used in our analysis are the following: Canada, U.S.A, Austria, Bel-
gium, Denmark, Finland, France, Greece, Italy, Portugal, Spain, Sweden, Switzerland,
U.K., Japan, Iceland, Ireland, Netherlands, Norway, Australia, Mexico, Turkey, Luxem-
bourg.

36The 21 Developing countries used in our analysis are the following: Peru, Thailand,
Paraguay, Morocco, Dominican Republic, Guatemala, Honduras, Jamaica, Bolivia, Colom-
bia, Ecuador, Iran, Srilanka, Syria, Yugoslavia, India, Kenya, Madagascar, Malawi, Sierra
Leone, Zimbabwe.
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Thus, based on an aggregate production function:
Y=F(K,H FE X) (14)

where K is physical capital, H is human capital, £ = AL is effective labour,
with L being labour input and A reflecting labour augmenting (Harrod neu-
tral) technical change and X = BZ being the effective input of emissions,
with B reflecting emissions augmenting technical change and Z being the
input of C'Os emissions, we introduce the use of the environment as an ad-
ditional driver of economic growth. This provides a new dimension to the
traditional theory of TFPG measurement.

We next define the factor shares in total output under profit maximization
and the "residual" v augmented to account for the use of the environment
in the growth process is defined as follows:

() 3B () ()

Comparing the traditional Solow residual (4) with the augmented residual
(15) we observe that there are two extra inputs in production - human capital
and the environment, proxied by C'Oy emissions - which are not accounted
in the traditional measurements. The introduction of the environment can
change the way we analyze TFPG and can be identified as a significant de-
terminant of total output growth. Since external emissions costs which are
created during the production process are not taken into account in the mea-
surement of total factor productivity growth, current measurements of TFP
growth, or the Solow "residual", could provide biased results. Neverthe-
less, the contribution of the environmental factor in output growth cannot
be properly measured due to the lack of environmental policy on emissions.
Thus, output growth which should be attributed to the use of the envi-
ronment is incorrectly attributed to TFPG or the residual. Furthermore,
we show that if emissions saving technical change is present, this could be
another source of growth in addition to the conventional labor augmented
technical change.

After the development of this theoretical framework, we test our hypoth-
esis empirically using data from a panel of 23 OECD countries®”. Our results

3TThe 23 countries used in our analysis are the following: Canada, U.S.A, Austria, Bel-
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suggest that the "unpaid"- due to absence of taxation - environmental fac-
tor, proxied by C'Oy emissions could be a source of growth, and an important
component in the growth accounting methodology, supporting the case of a
"Green Growth Accounting" approach. If the use of the environment is a
source of growth, as our results seem to suggest, but environment is used as an
unpaid factor, environmental damages remain ‘unpaid’. By being ‘unpaid‘ or
not ‘fully paid’ however, they are not kept at a ‘socially optimal level’ during
the growth process and this fact might eventually erode the sustainability of
the growth process itself. The reason that the environmental damages remain
‘unpaid’, is because we don’t have taxation for the emissions of COy. We at-
tempt to solve this problem by equating the emission’s share in total output
with the share of environmental damages in total output, using independent
estimates for C'O, damages and also estimate the shares directly from an
aggregate production function where C'Oy emissions is an input along with
labor and capital. Our results suggest that the use of the environment seems
to be a statistically significant factor in explaining output growth and labor
augmenting technological progress is not the only factor that constitutes the
‘true residual’ but ‘emission augmenting technical change’ is also present.

Following the previous analysis of introducing C'O, emissions as an input
in an aggregate production function, estimating the shares of inputs in output
and measuring the contribution of the environmental factor proxied by C'O,
emissions in total output growth, we apply the same theoretical methodology
of TFPG measurement in a group of 21 developing countries®® and confirm
that the extra "unpaid" factor, the environment, contributes to the final
output growth also in the case of developing countries.

In a context of a Green Growth Accounting framework, our final contri-
bution is to further extend the traditional total factor productivity growth
measurements by including again the environment as an extra input in the
production process, but this time the environment will be approximated by
the use of energy instead of C'O, emissions, as an input in the production
function.

gium, Denmark, Finland, France, Greece, Italy, Portugal, Spain, Sweden, Switzerland,
U.K., Japan, Iceland, Ireland, Netherlands, Norway, Australia, Mexico, Turkey, Luxem-
bourg.

38The 21 Developing countries used in our analysis are the following: Peru, Thailand,
Paraguay, Morocco, Dominican Republic, Guatemala, Honduras, Jamaica, Bolivia, Colom-
bia, Ecuador, Iran, Srilanka, Syria, Yugoslavia, India, Kenya, Madagascar, Malawi, Sierra
Leone, Zimbabwe.
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The neoclassical production function we use is:
Y =F(K,HW,X) (16)

where K is physical capital, H is human capital, W = AL is effective labour
with A reflecting labor augmenting technical change or input augmenting
technical change and L being labor in physical units, X = BFE is effective
input of energy, with F being energy in physical units and B reflecting energy
saving technical change.

Then, the augmented residual is defined as follows:

)0

We use energy as a proxy for the use of the environment, instead of
emissions and observe a direct functional relationship between energy and
emissions since emissions data are constructed from energy data. Although
energy is paid as an input in production, there is also an unpaid part of
energy which is the C'O, emission’s created from the use of energy and this
part is considered unpaid since no carbon tax policy is in general applied
in the OECD or the non-OECD countries and more specifically no carbon
tax policy was in use for the period we analyze (1965-1990). We empirically
analyze the residual for a group of 23 OECD countries®® where we observe
a strong proportional relationship between energy and C'Oy emissions. We
set up a model that examines the equivalence of the emission based model
and the energy based model*’ under an optimal emission taxation and ex-
ogenous energy prices and we estimate the contribution of the unpaid part of
emissions embodied into energy in TFPG measurements. Our results show
that traditional TFPG measurements change drastically when we introduce
this partially-paid input in the production function and especially when we
assign a certain price to the unpaid part of the energy use - the emission’s

39The 23 countries used in our analysis are the following: Canada, U.S.A, Austria, Bel-
gium, Denmark, Finland, France, Greece, Italy, Portugal, Spain, Sweden, Switzerland,
U.K., Japan, Iceland, Ireland, Netherlands, Norway, Australia, Mexico, Turkey, Luxem-
bourg.

49Tn an emission based model, emissions are regarded as an input in the aggregate
production function, while in an energy based model energy is regarded as an input in the
aggregate production function.
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part. Our results can be interpreted as TFPG measurements when inputs
generate externalities.

When we introduce an extra input in the production process, energy and
when the emission’s part of energy is accounted for in the measurements by
taking into account C'O, damages, the residual can even take negative values.
This indicates that when we internalize the cost of emissions created from
the use of energy, (when this partially paid part of energy becomes fully
compensated), the residual becomes negative. A negative residual could
imply that each input used in the production process is fully paid for its
contribution in total output growth and no technical change that can drive
growth is present.

The results of the second part of the thesis suggest that the traditional
growth accounting measurement might be a misleading indicator of growth
especially for developing countries. That is because one of the production
factors that create growth, the environment, is not properly accounted in
growth accounting measurements and this might lead to incorrect TFPG
results for these countries. Based on this ascertainment we provide measure-
ments of the "Green" TFPG (GTFPG) for those countries and comparisons
with prior estimates of other studies. We believe that this kind of analysis
addresses the problem of environmental degradation in an effective way be-
cause it highlights the contribution of the environment in total output growth
and reflects the use of C'O, emissions as an environmental proxy in the ag-
gregate output production. If we transform the unpaid-free to use- factor of
production, environment into something costly, this would lead to a much
more conservative use of this factor and would change the growth accounting
measurement results.

It can be noted that an important relation exists between the results ob-
tained in the first and the second part of the thesis. The productive base
sustainability criterion (keeping the change of the social welfare function pos-
itive in a current point in time) is closely connected with a growth accounting
framework where the parameter environment can be considered an input in
production and emissions augmenting technical change can be present and
can drive growth along with labor augmenting technical change. This connec-
tion between the productive base sustainability framework and the growth
accounting framework can be shown as follows. An important factor in the
estimation of the productive base sustainability criterion (13), or equivalently
the time derivative of the R-K SWF, is the rate of change of technology A.
Estimate of this A imply estimate of TFPG. If however environment is not
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taken into account in traditional TFPG estimates, then it is most likely that
traditional estimates of TFPG are biased upwards. This means that while
the correct way to estimate TFPG is through equations like (15), equations
like (4) when used, provide upwards biased estimates of productive base sus-
tainability. So our contribution in estimating TFPG by taking into account
the contribution of the environment, not only provides a means to correct
possible biases in TFPG estimates but provides also unbiased estimates of the
TFPG which are necessary for the correct estimation of the productive base
sustainability criterion. This link reveals the connection between productive
base sustainability and TFPG and points out to the need for unbiased TFPG
estimates in order to obtain meaningful estimates about productive base sus-
tainability. Therefore, the contribution in the second part of the thesis not
only provides a way to correct TFPG for the use of the environment and
make meaningful estimates, but also provide a way to correct for possible
biases the productive base sustainability criterion.
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PART I: Productive Base Sustainability

26



2. Introduction

The development of a criterion capable to provide realistic measurements
for whether an economy can be characterized as productive base sustainable
or not, is the focus of the first part of this dissertation. According to Arrow
et al. (2003), the time-derivative of a R-K SWF at a given time ¢ provides
a measure of the rate of change of the economy’s current social welfare, or a
measure of genuine investment at this time. Following this idea and using a
context of non optimizing economies, thus economies where the government
either by incompetence or by design does not choose policies that maxi-
mize intergenerational welfare, we formulate criteria that measure whether
an economy is productive base sustainable or not. We apply our model to the
case of a single developed country and also extend it in a group of developed
and developing countries. We obtain measurable results for the case of three
different policy scenaria that deal with the evolution of global C'Oy emissions
and associate closely the environmental degradation with the current social
welfare conditions of economies.

In chapter 3 entitled as: "Changes in Social Welfare and Sustainability:
Theoretical Issues and Empirical Evidence", we analyze the time derivative
of a Ramsey-Koopmans social welfare function (R-K SWF), as an indicator of
genuine investment and current change in social welfare (CSW) conditions,
when feedback or arbitrary rules are used for selecting policy variables in
non-optimizing economies. When policy variables are selected arbitrarily,
their accounting prices should determine current CSW in addition to the
accounting prices of the economy’s assets and genuine investment should
be adjusted accordingly. We use our theoretical framework to characterize
CSW conditions for non-optimizing economies, based on direct estimation
of accounting prices. We use our theoretical model to provide empirical
evidence regarding the CSW conditions for the Greek economy.

In chapter 4 entitled as: "Productive Base Sustainability and Global
Warming", we deal with the phenomenon of climate change which is one of
the most urgent and severe problems of the international agenda and one
of the basic factors that determine sustainability conditions. This paper
attempts to reveal the connection between productive base sustainability for
two large groups of countries, developed and developing and the state of
the environment which is proxied by the stock of C'Oy (mostly responsible
for the creation of the global warming phenomenon). Three different policy
scenaria for the evolution of global C'O, emissions empirically confirm the
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strong association of the environment with productive base sustainability
and provide the foundations for the formulation of sustainability policy.
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3. Changes in Social Welfare and Sustain-
ability: Theoretical Issues and Empirical Evi-
dence

3.1 Introduction

Concerns about environmental deterioration and natural resource deple-
tion have advanced sustainable development as a key concept in policy design
both at the national and the international level. Sustainable development has
been the central concept in the United Nations World Conservation Strategy
and in the report of the World Commission on Environment and Development
(United Nations, 1987), also known as the Brundtland Report. Sustainability
has also become a central concept in the policy of the European Union.

The most commonly used definition of sustainable development is that of
the Brundtland Report which defines sustainable development as "develop-
ment which meets the needs of the present without compromising the ability
of future generations to meet their own needs". This definition stresses the
aspects of intertemporal distribution and intergenerational equity, but since
it embeds many complex economic ideas it suffers from a lack of tractability,
especially when it comes to providing answers to applied questions regarding
the sustainability of economies, or the design and evaluation of sustainable
development policies.

In an attempt to make the definition of sustainable development oper-
ational and useful for the development of sustainability criteria or sustain-
ability indicators and for the design of sustainable policies, some auxiliary
definitions have been developed. These definitions identify conditions under
which an economy can be regarded as following a sustainable development
path. The most prevailing of these definitions, as reported by Pezzey (2004a),
associate sustainability with:

1. Achieving constant utility (Solow, 1974; Hartwick, 1977).

2. Having the representative agent’s utility (well being) U(t), not exceed-
ing the maximum level of utility U™ (t) which can be sustained forever
from ¢ onwards given the capital stocks existing at ¢ (Pezzey, 2004b).
This definition is implied by, but does not imply, the well known con-
dition that the agent’s utility is forever non-declining from ¢ onwards
(Pearce et al., 1990; Pezzey, 1992, 1997).
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3. Non-Declining Social Welfare (NDSW), that is, avoiding any decline in
intergenerational social welfare defined in terms of a Ramsey-Koopmans
social welfare functional (R-K SWF), either from time ¢ forever on-
wards, or much less demandingly, just at time ¢ (Riley, 1980; Dasgupta
and Miiler, 2001; Pemberton and Ulph, 2001; Arrow et al., 2003).

Arrow et al. (2003, p. 653) define a sustainable development path at ¢ as
one with NDSW at ¢. Their Theorem 2 then shows that in an autonomous
economy, this criterion implies the maintenance of the economy’s "productive
base" at ¢, in the sense that NDSW at ¢ is equivalent to non-negative genuine
investment at ¢, defined as the sum of investments, valued at accounting
prices, in all productive assets such as manufactured capital, human capital,
natural capital and knowledge.*! So in this paper we call NDSW or non-
negative genuine investment at time ¢ "productive-base sustainability". This
can also be regarded as corresponding to the weak sustainability concept
(Pearce and Atkinson, 1993; Hediger, 1999, 2000).

However, NDSW or positive genuine investment at time ¢ does not imply
that the utility of the representative agent at time ¢ is at a level that can
be sustained forever after ¢, which has been considered as a natural meaning
of the economy been sustainable at time ¢. As shown by Asheim (1994)
and Pezzey (2004b), there are optimizing economies where NDSW, and yet
utility being unsustainable, could occur together during a finite time period.
Thus NDSW or positive genuine investment at time ¢, does not imply ‘utility-
sustainability’ - that is, utility at a level that can be sustained forever after
t.

In the present paper we choose to analyze both theoretically and empiri-
cally the concept of the time-derivative of a R-K SWF at a given time ¢, which
provides, according to Arrow et al. (2003), a measure of the rate of change
of the economy’s current social welfare, or a measure of genuine investment
at this time. Our interest in this time derivative stems from two facts: (i)

“IThe concept of genuine saving (also known as adjusted net saving) was introduced
by Pearce and Atkinson (1993) and Hamilton (1994). Genuine saving provides a much
broader indicator of sustainability by valuing changes in natural resources, environmental
quality, and human capital, in addition to the traditional measure of changes in produced
assets provided by net saving. (World Bank 2006, Chapter 3.) We use the term genuine
investment interchangeably with genuine saving in this paper, since the former seems to
be closer to the approach of valuing CSW in terms of changes in the values of the assets
comprising the productive base of the economy.
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If the time derivative is positive, this implies that currently CSW is posi-
tive and that genuine investment is positive,*? without implying, as stated
above, sustainability in individual utility terms, (ii) If the time derivative is
negative, then genuine investment is negative. As suggested by the World
Bank (2006, Ch. 3), negative genuine saving rates imply that total wealth
is in decline and policies leading to persistently negative genuine savings are
unsustainable.*3 Thus, using World Bank’s terminology, we may interpret a
negative current CSW, or a negative time derivative of the R-K SWF at a
given time ¢, as an indication of currently unsustainable policies.

The approach of measuring the current CSW could be useful in pro-
viding an indication of sustainability in terms of genuine investment and
maintenance of the economy’s productive base, and not in utility terms, in
a more general non-optimizing context. There is a clear distinction between
an optimizing and a non-optimizing economy, as illustrated by Arrow et al.
(2003).** In a non-optimizing economy, the paths of the state variables can
also be used to define a value function for the economy through the R-K SWF
at a given point in time. The value function at any given point ¢ in time is
taken to represent social welfare from time ¢t onwards, and it is a function
of the values of the economy’s assets at time ¢.*> This makes it possible to
characterize current CSW conditions in a general context and to provide a
basis for empirical estimation of these changes.

We also believe that since, especially for developing countries, there is no
reason to assume that observed data are generated by optimizing processes,
the non-optimizing framework, properly defined, will be useful both for pur-
poses of theoretical foundations of the current CSW conditions under alter-

#2Evidence provided by the World Bank (2006) suggest that investments in produced
capital, human capital, and governance, combined with saving efforts aimed at offset-
ting the depletion of natural resources, can lead to future welfare increases in developing
countries.

43 Asheim (1994), Hamilton and Clemens (1999), Pezzey (2004b), show that negative
genuine savings at t, that is declining social welfare, implies unsustainability in individual
utility terms in optimizing economy. This result however has not been shown to hold in a
more general non-optimizing context.

4 A non-optimizing economy is an economy in which the government, whether by design
or incompetence, does not choose policies that maximize intergenerational welfare. The
term sustainability acquires particular significance when it is put to work in imperfect
economies, that is economies suffering from weak or even bad governance.

45This is an interpretation of the value function similar to the one given in Dynamic
Programming. The main difference is that no optimization needs to be assumed here.
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native hypotheses about the structure and the objectives of the economy,
and for empirical estimations.

By using the non-optimizing theoretical framework, we characterize CSW
conditions at time ¢ - when controls are chosen according to some feedback
rule’®. We also show that when controls (or policy instruments) are chosen in
an arbitrary way, which is independent of the stock of assets,*” the current
CSW depends not only on the growth of the assets and their correspond-
ing accounting prices, but also on the arbitrary paths of the controls. In
this case the value function for the economy depends both on current stocks
and current flows. These results suggest that the rate of change of the R-K
SWF is not just the sum of genuine investments in specific assets, but that
it may also include the rate of change of policy instruments valued at their
accounting prices. Thus, in certain cases of non-optimizing economies with
arbitrarily choices of controls, genuine investment in assets might not be en-
tirely appropriate for characterizing CSW conditions. In these cases genuine
investment should be adjusted for the growth of the arbitrary chosen policy
variables, such as for example emission limits. This theoretical framework is
applied to data from an actual economy with the purpose of providing esti-
mates of the current CSW conditions. Our application refers to the Greek
economy.

3.2 Changes in Current Social Welfare Conditions
and Sustainability in Non-optimizing Economies

Following Arrow et al. (2003) we assume that social welfare at any given
time ¢ is defined by the felicity functional:

V, = /oo e*p(T*t)U(X (7-) 7u(T))dT T >t (18)

where x = (21, ...,7,) denotes a vector of state variables which can be in-
terpreted as stocks of assets and u = (uq, ..., u,,) denotes a vector of con-
trol variables which can be interpreted as policy instruments. The function
U (x(7),u(7)) can be interpreted as the welfare of the generation living at
time 7, under appropriate assumptions about the growth of the population,
as will become clear in the following sections.

46 A feedback rule in this context is, for example, a behavioral rule according to which
instruments are determined in some relation to the values of the state variables.
4TThis implies a non-feedback (arbitrary) way of choosing the controls.
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The evolution of the economy is described by a system of transition equa-
tions linking the state and the control variables,

x, =f(u(r),x(7)) , x(t) =%, 7>t (19)

In an optimizing economy the control paths u () are chosen to maximize
(18) subject to the constraints imposed by the transition equations (19). In
a non-optimizing economy the choice of the controls could be determined
by a feedback rule u(7) = g (x (7)) which might reflect behavioral charac-
teristics of the economy, such as learning rules or imitation rules, or some
other intentional but not optimal feedback policy rule.*® For example, in the
Solow model of economic growth (Solow 1956), consumption, which can be
interpreted as a control variable, is a constant fraction of output. Output is
determined, through the aggregate production function, by the capital stock
which is the state variable. This constant fraction is a behavioral parameter.
Thus in Solow’s model, consumption is determined by a feedback rule. In
addition, feedback controls can be chosen to stabilize the economic system
around some desirable steady state,*” or can be chosen to steer the system
to a certain state vector in finite time.?

Alternatively the choice of controls can be determined in a completely
arbitrary way, by exogenous factors, such as domestic political conditions,
historic trends or international conditions. In this case the control paths will
be u(7) = @ (7). An arbitrary control path could be, for example, a path
for which consumption increases % per year, or COy emissions are reduced
2% per year, without any relation to the evolution of a state variable®. To
put it in another way that is closer to the recent discussion about the Kyoto
protocol: choosing C'Oy emissions as a proportion of global C'O, stock is a
feedback (closed loop) rule, while keeping emissions at the 1990 levels is an
arbitrary (open loop) rule. It seems that in actual economies most policy
rules are arbitrary rather than feedback or optimal rules.

Consider the system of transition equations (19) under the feedback rule

48 These types of controls could also be called closed loop controls.

49Tn this case the feedback function is chosen so that the steady state is stable in the
Lyapunov sense.

50Tn this case the feedback function is chosen so that the system starting from the initial
point Xg, reaches the terminal state xp, at finite time 7. It is assumed in this case that
the rank conditions for controllability are satisfied.

>1Such types of controls could also be called open loop controls.
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or the arbitrary rule, respectively:

x, = f(gx()),x(7),b) , x(t) =x (20)
x, = f£(@(r),x(r),b) , x(t) =x (21)

where b is a vector of exogenous parameters. Solutions to these systems,
provided they exist, will determine the paths of the state variables as func-
tions of their initial values, the exogenous parameters and possibly the paths
of the arbitrary (or open loop) controls. In general these solutions will be of
the form:

X, = ¢(r—1t,x4,b), (22)
X, = Y (r—t,x,u(r),b) (23)

Substituting the solutions (22) or (23) into (18), we obtain the value function
of the system as a function of the initial state vector x;, and possibly the
vector of arbitrary controls @ (7) . If the arbitrary (or open loop) control path
can be written as: 1y (7) = 6 (7 — ¢, 1), then the value function for the
economy can be written for the feedback and the open loop rules respectively,
as:

VF (xb) = / T (g ( (7t %1 b)) b (7 — .30, b)) diRA)
VA (x0T b) — /tooeﬂ(ft>U<¢<f—t,xt,ao<T>,b>,ao<r>>dT (25)

Accounting prices for asset ; or control (instrument) @; at time ¢, are defined
respectively as:

V! VA
=t I=F A, pu = —, 26
Ptas axit be ’ 8ﬂjt ( )

. PAVL
Let V! = d_‘?’ [ = F, A denote the rate of change of the R-K SWF or

the CSW at time ¢. Then,
V/>0,1=FA (27)

implies non negative genuine investment and can be regarded, in the context
of Arrow et al. (2003) arguments as an indicator of current productive base

52This implies that the control is chosen according to some arbitrary time dependent
rule, for example z% change relative to the previous year.
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sustainability. V;l < 0, [ = F, A or a negative CSW implies negative genuine
investment.

Proposition 1 Consider a non-optimizing economy with x;, i = 1,..n as-
sets and uj, j = 1,...,m policy instruments. (i) If policy instruments are
chosen following feedback rules associated with the assets of the economy,
then V;F depends on the assets’ growth and their corresponding accounting
prices. (1i) If policy instruments are chosen arbitrarily then, VtA depends
both on the assets’ and the policy instruments’ growth and their correspond-
mg accounting prices.

Proof. (i) Differentiating (24) totally with respect to time we obtain :

: oVl dzx; 8VF
F _ Y/F it t

= E 2

S =V = < Jry dt Ot (28)
(ii) Differentiating (25) totally with respect to time we obtain:
oVA dx OVA dii ovA
A A _ it Jt t

= E E 2

St=V < Oy dt < Jujy dt ot (29)

|

It should be noticed that part (i7) of the above proposition shows that in
arbitrary (open loop) non-optimizing economies - that is, economies where
instruments are chosen without any relationship to assets - V;A depends on
the growth of these instruments too. Thus the growth of the instruments
affects the change in social welfare in addition to the growth of the assets.

VA dx;
Since the term Z 1% dtt
= Tt

represents genuine investment, our result
A

implies that in time autonomous economies, where = 0, positive genuine
investment does not provide indications about the change in social welfare at
time ¢t. To fully assess this change, the impacts of instruments should also be
taken into account. In this sense, part (ii) of Proposition 1 extends previous
results about non-optimizing economies where the change in current social
welfare depended on genuine investment alone. This result can be associated,
for example, with the introduction of environmental policy, which in actual

economies can be regarded most of the times as arbitrary. For example, let 4,
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‘/tA
i
oV, du; )
-t —J can be interpreted
ant dt
as the impact of a changing emission limit on the current social welfare
conditions.
If, in the arbitrary instrument choice case, instruments are constant so
that 2t
a —
dt
i and is written as V4 (x;; @) . In this case we can still define the accounting

price for the instrument, although the current CSW does not depend directly
on U but indirectly, through the accounting prices for the assets, which can
be written as: py,, () = AV (x4; 1) /0zis.

Criteria (28) and (29) along with the definitions of accounting prices (26)
can be used to suggest a broad rule for evaluating current policies according
to their impact on changes in current social welfare.

Consider two alternative feedback policies (rules) (g1 (x (7)), g2 (x(7))),
or two arbitrary policies (@, (7), Ty (7)) . The time derivative of the SWF at
time ¢ can be defined through (28) under the the feedback rule as (57, S%;)),
or through (29) under the arbitrary rule as (Sj}, S5;) Then the following
comparisons could be useful for policy evaluation:

denote an arbitrary upper limit on emissions, then can be interpreted as

the accounting price for this limit and the term

= 0, the value function (25) depends on the vector of parameters

1. If Sy > S9 > 0, policy 1 leads to higher change in social welfare at
time ¢ relative to policy 2.

2. If S; > 0, Sg; < 0, policy 1 can be regarded as consistent with ‘current
productive-base sustainability’ at time ¢, while policy 2 implies negative
genuine saving rates. Sy-type policies leading to persistently negative
genuine saving are unsustainable in the World Bank’s (2006) context.

3. If policies 1, 2 result in welfare paths Vi(t) < Va(t), but Vi(t) = Va(t)
then there is a potential conflict in ranking two policies, when one leads
to a higher welfare path relative to the other, but is inferior, relative
to the other, in terms of changes in current social welfare. This is part
of a more general open issue in the evaluation of development criteria,
which reflects a potential conflict between optimality and sustainability
as criteria for development. The resolution of this conflict is beyond
the purpose of the present paper.
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3.3 Defining Value Functions and Accounting Prices
in Non-optimizing Economies

Having defined the value function and the associated accounting prices
at time ¢, we proceed to consider a structured model of an economy with the
purpose of providing exact, and whenever possible, closed form representa-
tions of these concepts. These representations will provide more insights into
our approach, as well as a basis for empirical estimations.

We consider therefore an aggregate model of a growing economy where
output is produced by capital and labor. The production process is affected
by exogenous labor augmenting technical change, while the total labor force
is determined by domestic population growth and migration inflows (or out-
flows). Output is divided among consumption and investment and consump-
tion generates utility. On the other hand output production generates emis-
sions which affect utility negatively. Thus, although we are dealing with a
stylized model, important characteristics of modern economies such as tech-
nical change, environmental pollution and migration are taken into account
in exploring the CSW conditions at time ¢.53

Capital accumulation in our stylized economy is described by using the
standard Solow model (Solow 1956). Assuming exogenous labor augmenting
technical change, the aggregate production function can be written as Y =
F(K,AN), where as usual Y is aggregate output, K is capital stock, N

A
is labor input, — = ¢ is the rate of exogenous technical change so that

L = AN is effective labor. The standard Cobb-Douglas production function
Y = K° (AN)l_a, 0 < a < 1, can then be expressed in per effective worker
terms as y = 12:“, where ¢ = %, k= %.54

In our stylized economy we seek to incorporate the impact of migration

into the change in the total labor force. Given the importance that migration

3In our stylized economy we do not consider natural resources and their contribution to
production. This is because we want to keep the model relatively simple in order to obtain
the representations of value functions and accounting prices which will help to provide some
insights into the structure and the determinants of these concepts. The introduction of
natural resources in this context is undoubtedly an area for further research.

%4 An alternative approach would be to specify the production function in the context
of an endogenous growth model, by using an AK function or more generally a produc-
tion function with knowledge externalities or human capital. This approach is another
area of further research, once the structure of the value function and accounting prices is
understood in the context of the traditional Solow model.
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flows have played in the history of economic development, it is interesting
to determine the contribution of migration to the current CSW conditions
of an economy, along with technical change and environmental pollution.
Migration is a phenomenon that affects an economy’s population and labor
supply. It represents gains in population for the destination economy and
at the same time losses for the source economy. The movement of a person
could also entail the movement of human capital and that is the reason why
migration also implies some degree of capital mobility.”>
Following Barro and Sala-i-Martin (2004, pp. 384-5), let M (t) % 0 be

the flow of migrants into the domestic economy. Let the domestic population
and labor force, N (t), grow at the constant rate n, then the overall growth
rate of the domestic labor is:

N _

N n—+ N n+m=mn

where m = M /N is the net migration rate. Assuming that each migrant does
not bring along any capital into the domestic economy”® the accumulation
of capital in the domestic economy, measured in per effective worker terms,
is given by:

ky = sk& — (n+ 0+ g) k, — mk, (30)
where s is the constant saving rate and ¢ is the depreciation rate. This is a
Bernoulli differential equation which can be solved to obtain:*’

_1
ky = [(l%tl’“ — i) e~ (1ma)w(r=t) 4 i] T r>t,w=(n+d+m+g)
w w
(31)

: . C :
Let C denote aggregate consumption and ¢ = —— denote consumption per

effective worker. Since in the Solow model consumption is a fixed proportion

of output,”® we have, in per effective worker terms:
b= (1- )k (32)
Using (31) we obtain:
- s 571=a
f o (1— |:<k1—a _ _) —(1—a)w(r—t) _] 33
b= (=9 [(R = 2)e 2 (33

%5 See, for example, Barro and Sala-i-Martin (2004), pp. 384-5.

%6 This can be interpreted as migration which does not support any capital movement.
5"For the solution, see Appendix 1.

8In the terminology of the previous section, consumption is a feedback control.
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Environment is introduced into the model by assuming that pollution,
denoted by P, which is a by-product of production, affects utility in a negative
way. Then the utility function becomes a function of per capita consumption
¢, and total pollution P, and is assumed, as is common in this type of
analysis, to have the following separable specification:

Uley, P) = -V —D(P)) (34)
In (34) —o is the elasticity of marginal utility, with o > 1, and D (P;) can
be interpreted as a damage function assumed strictly increasing and convex.
We specify the damage function as D (P,) = 0P with § > 0 and v > 1.7
Since the production structure is determined in per effective worker terms,
we need to specify the utility function (34) in per effective worker terms.
Since ¢ = C'/AN, from the definition of per capita consumption we obtain:

C,

N =6 = e AT u(ey) = —es0TY = — (éTAteg(T—t))_(U_l)

T

where A; is some initial technology level, and the utility function (34/ )
becomes: o)
Uler, Py) = — (6, A9 D)7 — 9Py (35)

We assume that pollution is of the flow type and that the flow of emissions,
since it is a by-product of production, is related to output by a strictly
increasing function P, = p(Y;). In terms of the discussion in chapter 3.2,
pollution can be regarded as a form of a feedback control, since by using
the production function to substitute for output, emissions can be written
as a function of the capital stock. This feedback rule can be associated with
technical conditions and production practices which determine completely, in
the absence of environmental policy, the evolution of emissions.’’ The y (-)
function can be further specified as:

P, = Iuy;ﬁext’ﬂ >0,0>0 (36)

¥ This specification is consistent with empirical work related to the formulation of dam-
ages from pollutants such SO, NO, and particulates. (See for example Barker and
Rosendahl, 2000; Eyckmans and Bertrand, 2000).

60For example in the absence of environmental policy or any other environmental con-
straint, a firm will emit as much as possible for a given level of output and technical
conditions, since emissions can be regarded as an unpaid factor.
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where x reflects technical change in pollution generation®. A negative x

reflects pollution reducing technical change. In per effective worker terms,
Y, = §,A;N; = ECA N, 7 — 4+, with N, the initial value for
the domestic labour force. By substituting Y, in (36) and using (31), (33),
and (35), the utility flow in per effective worker terms is specified as:

N —(o— A _ B v
U (kh NtyAt) —— (é-,—Ateg(T*t)) (0-1) ! [,U, <k2AtNte(g+n)(Tft)> eac(7-t):|

(37)
The flow of total utility in the economy is N,.U(c;, P;) and the value function
for the economy can be defined, using (37), as:

W <l%ta NtaAt> = / e_p(T_t)NTUU%Ta NﬂAr)dt ) NT = Nteﬁ(T_t) (38)
t

where the value function depends only on the current values of state variables
of the problem (l;;t, Ny, At> and the parameters describing the structure of

the economy.

This formulation of the social welfare, with utility of per capita consump-
tion multiplied by the total number of individuals, which is the criterion
function proposed by Arrow and Kurz (1970), should be contrasted to an-
other possible formulation where per capita utilities are summed. There is an
old controversy about the choice of the criterion (Koopmans, 1977). In our
formulation, the growth of population helps welfare and this reflects the idea
that "if more people benefit, so much the better". In this context migration
helps welfare. On the other hand, if population size is a decision variable,
and in our case this could have been the case if the migration rate was not
exogenous but a control variable, then the choice of the criterion function
would acquire more importance.

Using (38) the current accounting prices are defined as:

UL IV oV (39)
ptk;t - a]%t7ptNt - 3Nt’pt’4t - aAt
Since k = — = ——, k = —, the accounting price of capital in physical units

and per capita units is defined respectively as:

61This type of technical change can be induced by environmental policy. We do not
model this process here, but in the empirical application we try to make inferences about
the existence of this type of technical change from data.
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oV, Ok, 1
— _—— = — 7 4
Pik, Ok, 0K, AN, the (40)
ov, 0k, 1
— _— = — 2 41
ptkt akt akt Atptk;t ( )

It should be noted that in this case there is no specific accounting price for
pollution since pollution is not a stock, but the impact of pollution is realized
through the accounting price of capital p,; = 9V;/ Ok, which depends on the
parameters of the damage function.

3.4 Changes in Current Social Welfare in the Presence
of Environmental Policy

In the previous section emissions were considered as a by-product of out-
put production, determined by technical conditions alone. In this section we
explicitly introduce environmental policy which is expressed through a per-
formance standard that determines an upper limit for the emissions of the
firms. The emission function of the representative firm can be written as:

P, = gy et = (g AN) 00 = 6 (f (k) AN) 70 (42)

where f (/%T) = g, is the production function in per effective worker terms.

To simplify subsequent notation we set ¢ (¢) = ul?, ¢ = f (/%T) AN.
The emission limit will take the form:

P <P (43)

The profit function of the representative firm can be written in per effective
worker terms as:

AN [f (e) =+ 0) e = wems0)] (44)

The firm considers the interest rate r and the wage rate w as fixed and
chooses capital, for any fixed level of effective labor AN, to maximize (44)
subject to (43). The Lagrangian for the problem is:

L= AN [ f (k:) —(r 4+ 8) ks — we—gﬁ—ﬂ +A[P — () e ] (45)
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The Kuhn-Tucker conditions for an interior solution to the problem imply:
I (l%:) [1 B /\gblex(T—t):| = r+6 k>0 (46)
A [PT _4 ( f (k) AN> ex(T,t)} — 0.A>0 (47)
If the emission constraint is not binding then A = 0 and the solution l%: is

obtained by the usual condition f’ (I%T) = r + 6.92 Under concavity of the

production function and Inada conditions, a unique solution always exists.%
If A > 0 then the constraint is binding and the capital stock is determined
as a function of the emission limit by the solution of:

P, = ¢ <f (l%T) AN) ") as (48)

ko= ¢ (P AN, &) =k (P;) , with fffa >0 (49)

Thus a more stringent emission limit will reduce the equilibrium stock of
capital. This can also be seen from (46). A positive A shifts the marginal

product curve f’ (/%T> to the left. As a result, l;:;f < k. and the binding per-

formance standard reduces the equilibrium stock of capital. It can also be
noticed that if z < 0 so that we have emission saving technical change then
the reduction of the equilibrium stock of capital under the performance stan-
dard will be smaller, the larger this type of technical change is. Since capital
stock is reduced from a binding performance standard or equivalently from a
more stringent performance standard, output is also reduced ceteris paribus.

This reduction is determined as f (l;’T) — f (l%: (PT)> , where f (/%T> is the
output of the economy without the performance standard, and f (l%;f (PT))

is the output of the economy under the binding performance standard P;.

62Zero profits for any given wage w require that

or) —derf (k) + 00 f (B ) D] em9(T=1) = 4
£ (k) = s (k) 420 (ke ) )

63Inada conditions state that limy_of (k) = 400 and limy_.of (k) = 0. When they
are combined with a concave production function then f (k) is monotonically declining
and intersects r 4+ § only once, providing a unique solution.
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Consumption in per effective worker terms is defined as ¢, = (1 — s) v, and
since y = f (l%j_ (PT)> ,we have:

6= (1=s)f (I (P)) = é(Py) (50)

Thus the per capita utility flow in the economy under the performance stan-
dard will be:

—(o—

U (6, P) = [ (o)™ o) 2

with ¢, determined by (50). In empirical applications, where the main pur-
pose is to examine the impact of a performance standard on the current CSW

conditions of the economy, a reliable estimate of f (l%i (157)> is unlikely due

to data limitations. In this case one approach could be to assume that the
reduced output under the binding standard is approximately proportional to
the output obtained without a limit on emissions. This means that we set:

F (ke () (1= 2p) £ () (52)

which implies that f <1%7> can be interpreted as full capacity output without

environmental constraints and zp is a new parameter introduced here which
reflects the reduction in output due to the upper emission limit P,.%* Under
the Cobb-Douglas assumption, we have, § = (1 — zp) k. In this case the
accumulation of capital equation in per effective worker terms is:

kot (n+6+m+g) k= s(1— zp)kf (53)

The solution of this Bernoulli equation is:%

1
ke = K@—@) e—atr—y 4 S0 = 2p) |77 (54)

w
w = n+o+mityg (55)

64For an estimate of the proportion of output loss due to environmental regulation in
the US economy see Jorgenson and Wilcoxen (1998).
65See Appendix 1 for details.
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~

Therefore &, = (1 —s) (1 — zp)k® = &, (/{:T; Zp) , and the value function for

the economy becomes:

V, = / e "TONU(ky, Ny, Ar, Pr; 2p)dr | or (56)
t
R - (i ) Y5
Vi = — e’ N, <cT (kT;zls) Ae? ) — 0P| dr
t

The current accounting price for the performance standard P, can be calcu-
lated as:

__a‘/;_ > —p(T—t) 0 L D .o
Dip = 8_E = [ € a_pt |:NtU<kT7NTaA77PT7ZP)] dr (57)

Thus there is a specific accounting price for the arbitrary control P,, as was
anticipated by Proposition 1. There is also an accounting price associated
with the parameter zp, which is defined as:

oV,

Dizp = 5715 (58)

3.5 Current Changes in Social Welfare in a Non-optimizing
Economy

The previous section obtained representations of value functions and ac-
counting prices. Combining these representations with Proposition 1, it fol-
lows that our stylized economy is characterized by non-declining current CSW
when feedback rules are followed, if:

"/;F :pKtK—l—pNtN—l—pAtA >0

K . d(K/N) K N
Dividing by Nk where k = N using the fact that k£ = M =———k

and that the accounting price for capital in physical terns is related to the
accounting price of capital in per effective worker terms, by (40) we obtain:

. V. pa [k N N1 A A
F_ Yt _ Ptk [P AV il ot
S NE T AN <k + N) TN TPAI N
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where gf measures the change in the value of the economy per unit of pro-
duced capital stock at time ¢. Thus gtF could be interpreted as the rate of
return on produced capital measured in terms of social welfare. It is clear
that by multiplying S’tF by the current stock of capital we obtain a measure
of current genuine investment. Using as before A /A = g, n = n+ m, with
m % 0, and denoting the rate of growth of capital per worker by k Jk = v,
we have that social welfare is currently non-declining if:

or _ Pk L

t = AtNt (U + ﬁ) +ptNt,ﬁ’_ +ptAt

A
>0 59
; (59)

t
g N, =

When an arbitrary environmental policy in the form of the emission limit P,
is present, the criteria become:

) ) ) . dP,

‘/tA = pKtK—i-pNtN—l-pAtA-i—pptE or (60)
A pl;: ~ - 1 1 At 1 pt

SA d — — T 61

where 7 is the rate of growth of the emission limit, with 7 < 0 indicating
that environmental policy becomes gradually more stringent and m > 0 in-
dicating that environmental policy is gradually becoming laxer. As before,
by multiplying StA by the current stock of capital we obtain a measure of
current genuine investment. In this case genuine investment is adjusted for
the changes in environmental policy, a required adjustment that has not been
noticed in earlier literature.

Measures of current CSW (59) and (61) are basically short-term mea-
sures since they reflect measurements at time t. These conditions will change
if basic parameters, such as growth rates of assets or choices of instruments,
change. Since the economy is not on an optimal path these changes - espe-
cially in the case of arbitrary choice of controls - might actually take place.
Therefore, if the basic parameters are likely to change, then recalculations
and updating of (59) or (61) are necessary. We believe that this observation
is important, especially for applied work.

3.6 Exploring Current Changes in Social Welfare Con-
ditions for the Greek Economy

The stylized model developed above is used to explore the current social
welfare conditions for the Greek economy. To apply the model we need esti-
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mates of the parameters required to define value functions like those defined
in (38) or (56).

Our approach was to estimate, using econometric estimations, the para-
meters that correspond to structural relations and to assign plausible values
to those parameters for which econometric estimation was not possible. For
these parameters we used sensitivity analysis to explore the robustness of our
results.

The parameters required in order to estimate measures (59) and (61) are:
n the rate of growth of the domestic population and labor force, m the net
migration rate; v the rate of growth of capital per worker; g the rate of
growth of labor augmenting technological change; s which expresses savings
as a proportion of the Greek GDP in the period analyzed; a which is the pa-
rameter of the production function reflecting the elasticity of capital input;
p which represents the discount rate; o the elasticity of marginal utility the
value of which reflects intertemporal preferences towards equality in income
distribution; ¢ which is the depreciation rate; 6 and ~ which are the parame-
ters of the postulated damage function D (P;) = 0P7; u, 8 and = which are
the parameters of the emission function P, = uY e®; and finally, when we
need to examine the impact of an emission limit, the potential reduction in
GDP due to this emission limit is required, which is the parameter zp.

The fundamental data for the Greek economy were GDP, capital, and
labor, measured in 1990 million $ and thousands of workers respectively,
taken from the Penn World Table (Mark 5.6) for the period 1965-1990. We
obtain the average annual growth rates of these variables in physical units and
in per capita terms during the sample period by estimating the relationship
Inz; = a, + ait, where x; is the variable of interest and ¢ takes values t =
1,...,7° during the sample period, with 7% = 26.56

The estimates of the growth rates for the variables of interest in physical
and in per worker terms are shown in the table below.

Table 1: Average growth rates of capital, output and labor force for the
Greek economy, 1965-1990

66 Relationship Inz; = a, + a1t corresponds to the standard exponential growth model
xy = AyeMt.
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% per year Per worker terms % per year
Capital (K/K) 5.55 Capital (k/k) 4.95

GDP (Y/Y) 3.64 GDP (y/y) 3.035
labor force (n)  0.60 — —

The basic structural relationship for the Greek economy is the aggregate
production function (36), since estimates from the production function will
be used to determine the elasticity of capital with respect to output, which
is the parameter a, and the rate of labor augmenting technical change g.
For this estimation we assume the existence of a constant returns to scale
Cobb-Douglas long run aggregate production function for the Greek economy,
defined over man made capital and effective labor input, which takes the
form:

Y, = BK® (Net)' ™"

or in per worker terms:57

yr = Bkie™ ,q=g(1—a))
The statistical model can be written as:
Iny, =InB+alnk +qt+¢e ,t=1,..,7° (62)

where ¢, is the usual error term. The production function (62) can be in-
terpreted as a long run equilibrium relationship that shifts in time as it is
affected by technical change. To test for the existence of such an equilibrium
relationship we test for the existence of a cointegrating relationship. The
Johansen cointegration test suggests that both the trace and the maximum
eigenvalue tests indicate one cointegrating relationship with constant and de-
terministic trend at the 5% level. When a cointegrating relationship exists,
ordinary least square (OLS) estimation is superconsistent, that is the esti-
mated coefficients are consistent and asymptotically normal (Stock, 1987).
Using therefore OLS to estimate (62) we obtain that the elasticity of capital
input is a = 0.4025, % while the rate of labor augmenting technical change is

67Tt is clear that in per worker terms this function becomes §j; = Bl%?, which is the
function used in the previous sections with B =1

68We did not include human capital in our production function. However, the value of
estimated a can be regarded, under certain assumptions, as incorporating human capital
effects (Barro and Sala-i-Martin, 2004).
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9714
and the OLS estimation results are presented in Appendix 27,

To model environmental pollution we consider sulfur dioxide emissions
(SO) as the main flow pollutant. Sulfur dioxide emissions in Greece are
mainly localized because the majority of them are created in the processes
of power generation’. These emissions were related to output, assuming an
emission function of the constant elasticity form (36), which was regarded as
a technological relationship and was estimated using data of annual emissions
in kilotons covering the period 1980 —199972. The estimated elasticity of SO,
emissions with respect to aggregate output was 0.225. A trend term which
could indicate technical change associated with SO, emissions was highly
insignificant™.

For the migration rate, a recent study (Lianos, 2003) indicates that be-
tween 1991 and 2001 the number of immigrants who entered the Greek
economy was around 630, 000. Assuming an average annual flow of 60,000
immigrants, the average net migration rate is approximately 1.5%, and
n + m = 0.021. For the marginal propensity to save, we use the average
value for the period 1970 — 1990 of savings as a proportion of GDP, with
s = 0.21™. The depreciation rate was set at § = 3% following Mankiw et al.
(1992); the utility discount rate at p = 3%; ™ and the elasticity of marginal
utility at ¢ = 3 which reflects relatively strong preferences towards equal

= 0.009 or 0.9% annually.®Y The details of the cointegration test

69This method of estimating the labour augmenting technical change from a Cobb-
Douglas production function is similar to what is proposed by Barro and Sala-i-Martin
(2004).

"0 Al estimations were performed using the sofware package EViews 5.0.

"I Lignite fired power plants in Greece produced 63% of total electricity in 2003, and
are concentrated mainly in two locations in the Northern and in the Southern part of the
country.

The source of the data was the FEuropean Environment Agency
(http://www.eea.europa.eu/).

"3Estimates were corrected for first order serial correlation, which turned out to be
highly significant. Details are presented in Appendix 2.

"Data were taken from "The Greek Economy in Figures," (2002, page 105).

The value of 3% has been used by a number of researchers for the estimation of
marginal social costs of COy emissions (see, for example, surveys by Fankhauser and Tol,
1997, Tol, 2005). The values of 1% and 2%, along with time declining rates, have also
been used in these studies. We perform a sensitivity analysis of our results by using a
value of 1% for the utility discount rate. There is an increase in the absolute values of the
accounting prices reported in tables 2 and 3, but there is no change in the signs of the
criteria S’f and S‘;“
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income distribution. The parameter v of the damage function was set at

= 1. This implies a linear damage function in which 6, the damage cost
coefficient, reflects constant marginal damages from SO,. Since the units
of output and consumption were million US$, 6 reflects the environmental
damages in Greece, in million US$, from the emissions of one kiloton of
sulphur dioxide in a year. Because, as mentioned above, SO emissions are
mainly localized, the value of € in our model can be interpreted as capturing
marginal damages averaged over the whole population. As noted by Séez
and Linares (1999), damages from SO, emissions are associated with health
damages from SO, and sulfates exposure along with damages inflicted on
buildings, crops and natural habitats. Estimates of SO, damages and asso-
ciated damage cost coefficients, , obtained by Sédez and Linares (1999) and
Barker and Rosendahl (2000) for Greece, range from 0.12946 to 0.5128 US$
per kiloton of SO,y a year’™®. In our estimations we considered values of
in the interval [0.2856 - 107%,1073] indicating damages from 0.28256 US$ to
1000 US$ per kiloton of SO, a year.”” For the parameter zp there is no
information for the Greek economy. Jorgenson and Wilcoxen (1998), using a
computable general equilibrium approach, estimated the cost of all environ-
mental restrictions for the US economy to be 2.592% of real GNP, so we set
2p at a conservative value of 1%.

The parameter values used are summarized in the following table:

Parameter 7 v g s a p o o
Value 0.021 0.0495 0.009 0.21 0.4025 0.03 0.03 3
Parameter  f3 wooox oy 0 Zp

Value 0.225 4.146 0 1 [0.2856-1075,1073] 0.01

Using the above parameters, accounting prices were calculated with nu-
merical integration of the derivatives of the value function.” We used a time
horizon of 100 years as a necessary approximation for the numerical estima-

"0Estimates in euros were converted to 1990 U S$.

""The value of 0.2856 is the point estimate of Barker and Rosendahl (2000) of the
damage coeflicient for Greece. It should also be noticed that in these estimates premature
mortality has been estimated as the value of years lost (VOYL). Use of the value of
statistical life (VOSL) could have increased these estimates by 50%. We use higher values
of @, in addition to the available estimates, in order to check the sensitivity of our results.
The extreme value of 1000 US$ for 6 is used to identify a switch point, that is the value
of 0 for which criteria SF and S turn negative.

"8 Numerical results were obtained by using Mathematica.
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tion.” Two sets of results were obtained. The first set which corresponds
to emissions determined by a feedback rule through the emission function
is obtained using (59). The second set is obtained using the 1999 sulphur
dioxide emissions as an upper emission limit and (61). Table 2 below shows
accounting prices and the estimated changes in social welfare for different
marginal damages in Greece in 1990.

Table 2: Accounting Prices and Changes in Social Welfare for Greece in
1990*

m 4 PK PN pa S;
0 0 0.0011216  —0.0464493 315.511 0.00007839
0.015 0 0.00238486 —0.125464  852.225 0.00142968
0.015 0.2856-107% 0.00238306 —0.12792 850.693 0.0001406
0.015 107° 0.00237046 —0.134064 846.860 0.00013461
0.015 10~* 0.00224252 —0.21147 798.574  0.00005950
0.015 1073 0.00096316 —0.985523  315.712 —0.0006916

(*)The accounting prices pg, pn, pa, are defined in (39), while Sf is
defined in (59)

We can observe from table 2 that for marginal environmental damages
below 1000 US$ per kiloton of SO, the Greek economy was characterized
by a positive change in social welfare in 1990. Given the very high value
of 0 relative to the estimates for Greece, for which criterion S’tF changes
sign, it seems that in the context of our analysis it might be claimed that
the evolution, for the examined sample period, of the Greek economy is
characterized by positive changes in social welfare, which can be regarded as
an indication that it is currently productive-base sustainable. Furthermore, it
is clear that migration has played an important role in the current conditions
of the Greek economy, since the positive change in social welfare is reduced
substantially when we set m = 0%°. In addition, the accounting prices have

" The fundamental parameters of the Greek economy imply that convergence to a steady
state will take place in approximately 70 years. Thus, the time horizon chosen extends
well into the steady state period. The results are robust to changes in the time horizon.
Of course as noted above accounting prices need to be recalculated, if the fundamental
growth rates used in the estimations change.

80Tt should be noticed that the positive effect of migration is associated with the choice
of criterion function (38). The alternative formulation of using per capita utility in the
criterion function and the impact on the estimated accounting prices changes in social
welfare could be an area for further research.
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the expected signs and the rate of change of social welfare is declining in
environmental damages as expected.

In table 3 we present accounting prices and estimated changes in social
welfare under a binding environmental policy. Thus table 3 shows accounting
prices and changes in social welfare for different marginal damages in Greece
in 1990 as if the emission limit for sulphur dioxide had been set at the 1999
emission level, which was 541 kilotons. Values have been calculated for m =
0.015 and zp = 0.01.

Table 3: Accounting Prices and Changes in Social Welfare for Greece in
1990 under an Emission Limit*

0 DK DN Pa pp o Sit
0.2856-10 ¢ 0.002449 —0.144 873.9 —0.09694 —1107.6 0.00013
103 0.002449 —54.23 8739 —339.6  —1107.6 —0.0409

(*)Accounting Prices (px, pn, pa) are defined in (39), (pp,pzp) are de-
fined in (57),(58) respectively, while S/ is defined in (61)

In table 3 the column pp refers to which is the accounting price

T

for the emission standard. This price is negative as expected, since an in-
crease in P, that is a laxer environmental policy, is expected to reduce the
economy’s social welfare, when zp remains constant. The column p., refers

to 90 which is negative as expected. This means that if the cost of the
Zp
standard in terms of output foregone increases, then the economy’s social

welfare is reduced ceteris paribus. Since a lax standard is expected to reduce
2p, the final effect of a change in the performance standard on social welfare
depends on the expression %dli + é‘i—‘gdz 5. Again, as expected, the criterion
is declining in marginal environmental damages.

3.7 Concluding Remarks

This chapter analyzed current change in social welfare (CSW) conditions
under a non-optimizing framework. The main purpose was to develop an ap-
plicable and operational approach to measure current CSW and to contribute
to the development of a framework for the evaluation of policies with respect
to their impact on current social welfare conditions. For this purpose we
tried to determine a measure for CSW which would fit into a non-optimizing
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economic framework, since we consider such a framework to adequately rep-
resent current economic conditions, at least in developing countries. By
considering two different approaches for choosing policy instruments, a feed-
back rule and an arbitrary rule, we determined two corresponding criteria
for measuring changes in current social welfare conditions which can pro-
vide numerical results for actual economies and could be applied in empirical
work. Since current changes in social welfare can be associated with current
changes in the productive base of the economy valued at accounting prices,
positive changes imply positive genuine investment and current productive-
base sustainability. On the other hand negative changes in social welfare
and therefore negative genuine investment can be regarded as an indicator
of currently unsustainable policies. In doing this, we extended current re-
sults about genuine investment by showing that when policy rules are chosen
in an arbitrary way, then genuine investment should be adjusted accord-
ingly. Given the arbitrary nature of most government policies in practice -
environmental policies included - this observation might have important im-
plications for empirical applications. We provide exact representations and
closed form solutions for value functions and accounting prices, by consider-
ing a "Solow" economy, where domestic population growth, migration, labor
augmenting technical change, and environmental damages associated with
pollutant flows generated by economic activities are taken into account in
determining the current social welfare conditions.

The criteria developed in this paper were applied to the case of the Greek
economy and empirical estimates were obtained. Our findings seem to sup-
port the idea that our theoretical framework can be used for empirical pur-
poses. In particular, our results show that migration inflows, exogenous
technical change, growth of capital per worker, and SO, emissions damages,
are important factors characterizing the current changes in social welfare
conditions of the Greek economy. Our approach allows for the estimation of
the contribution of these factors which is undoubtedly useful information for
the design and evaluation of policies. The main empirical finding is that the
Greek economy seems to be currently ‘productive-base sustainable’, given
the current estimates of SO; emission damages, which was the only pollu-
tant considered in our analysis. Furthermore, and as expected, taking into
account environmental damages has a negative effect on the current social
welfare conditions. Thus, our empirical results for the case of Greece sup-
port the perception that pollution damages are a factor affecting conditions
associated with changes in social welfare conditions. Our approach not only
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provides an empirical confirmation of this result, but can be used to quantify,
at least approximately, environmental impacts on social welfare, another im-
portant piece of information for policy design. A more precise quantification
of these effects is an open research area.

Admittedly sustainable development as a general definition does not pro-
vide a systematic framework for empirical estimations and for policy design.
This attempt is a modest attempt to make the definition operational and
capable of providing empirical estimates which are based on the structure of
the economy, and which can be associated with concepts of current changes
in social welfare and current productive-base sustainability. Thus impor-
tant fundamentals, such as the elasticity of the production function, the rate
of technical change, migration, environmental damages, and assets’ rates of
growth, play a key role in the measurement of current CSW conditions. The
model developed here can be extended and made more realistic by including
transition equations for stocks of pollutants, natural resources (depletable or
renewable), human capital, or by introducing uncertainty in the evolution
of the economy. These extensions will provide better insights regarding the
changes in social welfare conditions of economies and will enhance our ability
to provide meaningful estimates of such changes.

Appendix 1

Solutions of the Bernoulli equations for the capital stock.

Solution of Equation (30)

The Bernoulli equation is solved in the following way: Multiplying by l%t_ “
we have:

ki + (n 4+ 0 +m+ g) k@ = sk ke (63)
kit +(n+d+m+g) ki =5 (64)

Ify =k and ¥ = (1 —a) (l%tl;:t_“) , then we have:

v+ n+d+m+g)y(l—a)=(1—a)s, which is linear in ~ (65)

with solution:

s s
_ —(1—a)(n+é+m+g)t
i e + 66
T (7 n+(5+m+g) n+d+m+g (66)
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Setting v, = /%tl_“, we have:

1

iy = [(];HL _ $ ) e~ (1—a)(nts+mro)t | $ } e
© n+o+m+g n+o+m+g
1
o = [(;;1—«1 _ ;> e~ (1=a)(nts+mtg)(r—t) | 5 ] o
Lo+ d+m+tyg n+d+m+g

Solution of Equation (53) )
Using function § = (1 — zp) k® instead of § = k%, the accumulation of
capital in per effective worker terms becomes:

ke =s(1— 2p)kf — (n+ 06+ g) by — mhky + 2

Working as before we obtain:

]%t _ |:(]A€i—a - 3(1 B 215) ) e—(l—a)(n+5+m+g)t + 3(1 B 215) e
n+o+m+g n+o+m+g

o4



Appendix 2
Johansen Cointegration Test
Trend assumption: Linear deterministic trend (restricted)
Series: Iny;, In k;
Lags interval (in first differences): 1:1
Unrestricted Cointegration Rank Test (Trace)

Hypothesized 0.05 Critical

No of CE(s) Eigenvalue Trace Statistic =~ Value Prob**
None* 0.649227 30.97507 25.87211 0.0106
At most 1 0.347789 8.975136 12.51798 0.1819

Trace test indicates 1 cointegrating eqn(s) at he 0.05 level
*denotes rejection of the hypothesis at the 0.05 level
**MacKinnon-Haug-Michelis (1999) p-values

Unrestricted Cointegration Rank Test (maximum Eigenvalue)

Hypothesized 0.05 Critical

No of CE(s) Eigenvalue Trace Statistic ~ Value Prob**
None* 0.649227 21.99993 19.38704 0.0204
At most 1 0.347789 8.975136 12.51798 0.1819

Max-Eigenvalue test indicates 1 cointegrating eqn(s)
at he 0.05 level

*denotes rejection of the hypothesis at the 0.05 level
**MacKinnon-Haug-Michelis (1999) p-values

Econometric Estimations
The Production Function
Variable Coefficient Std. Error t-Statistic

In B 1.438115 0.187444 7.672226

In k 0.402501 0.080129 5.023150

t 0.005392 0.003080 1.750943
R-squared 0.957372

Adjusted R-squared 0.952636
Durbin-Watson stat 1.175040
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The Emission Function
Variable Coefficient Std. Error t-Statistic

constant 4.156018 2.289511 1.815243

InY 0.225308 0.241803 1.931786

AR(1) 0.745520 0.084558 8.816671
R-squared 0.906529

Adjusted R-squared 0.894845
Durbin-Watson stat 2.176287
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4. Productive Base Sustainability and Global
Warming

4.1 Introduction

One of the most urgent and severe problems that occupy the international
agenda today, is the rapid climate change and the global warming phenom-
enon. Global temperature increase, is associated with the greenhouse effect
and is likely to trigger serious consequences for the state of the earth and
for humankind®'. The European Commission reports that during the last
century, the Earth’s average surface temperature rose by around 0.6 degrees
Centigrade®®. This generates a number of problems in all aspects of life
and activities. Extreme weather events, endangerment of species, the rise of
the sea level which will endanger coastal areas and small islands, important
effects for agriculture, the farming sector etc. It is nowadays’s general knowl-
edge th at most of the global warming is attributable to human activities®3.
This includes the burning of fossil fuels which cause carbon dioxide (C'Os)
emissions which is considered to be the main factor responsible for climate
change, as well as the emissions of other "greenhouse’ gases®*. This direct link
between the environment and economic activity points out the destructive
results of the inconsiderate use of the environmental resources by humans.
Current reports (IPCC report®®, the Stern Report) present different possible
future scenaria that include more or less pessimistic predictions for the years
to come, depending on the way we decide to handle and control the global
warming phenomenon today and in the immediate future®®. The prospects

81The IPCC Report, European Commission Report 2006, The Stern Report.

82NASA reports that 2006 was the fifth warmest year on record and 2007 will likely be
even warmer - possibly the warmest year in the history of instrumental measurements.
Over the past 30 years Earth has warmed by about 0.6 degrees Centigrade or 1.08 degrees
Fahrenheit.

83The IPCC Report, Technical Summary

84 As has been indicated by the European Commission Report, 2006.

85IPCC Special Report on Emissions Scenarios

86"The current level or stock of greenhouse gases in the atmosphere is equivalent to
around 430 parts per million (ppm) COs, compared with only 280ppm before the Industrial
Revolution. These concentrations have already caused the world to warm by more than
half a degree Celsius and will lead to at least a further half degree warming over the
next few decades, because of the inertia in the climate system". The Stern Review: The
Economics of Climate Change, Executive Summary pg. iii.
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are not very optimistic if action is not taken now. If the implementation
of current policies that do not pay any attention to the global warming is
continued, this phenomenon will be intensified. The various reports®” on this
issue identify the urgent need for action now in order to build and maintain
a development process that could be characterized as sustainable. Thus the
global warming phenomenon which is clearly interlinked with environmental
sustainability, if not controlled by governments and policy makers, can cause
irreversible damage to future generations.

Based on these concepts, the paper’s main objective is to relate global
carbon dioxide (C'O3) concentration and emissions that lead to global warm-
ing and climate change, to a concept of productive base sustainability and
to approximate empirically the impact of environmental degradation on cur-
rent social welfare (CSW). Sustainability though, has been regarded as the
current and future goal to be achieved. The idea that each generation should
bequeath to each successors at least the productive base it inherited from
its predecessors, is the cornerstone of sustainable development. Thus, this
paper has two basic goals. First, it attempts to model the Brutland Report’s
concept®® in terms of changes in current social welfare (CCSW) conditions by
taking into account the way the climate change contributes to current social
welfare. The second aim is to provide empirical results for two large groups of
countries (developed and developing) obtained directly from the application
of our theoretical model and this way to establish and estimate a link between
CCSW and global warming. Social welfare (SW) measures the current and
future state of human well being which is closely associated with the state
of the earth and sustainable development. In order to define a measure of
CCSW conditions we use the time derivative of social welfare function which
provides, according to Arrow et al. (2003), a measure of the rate of change of
the economy’s current social welfare or a measure of genuine investment at
this time. In order to measure whether an economy is currently characterized
by positive changes in social welfare and thus positive genuine investment, we
formulate a criterion that measures sustainability in productive base terms.
If the time derivative of a Ramsey-Koopmans Social Welfare Function (R-K
SWEF) at time ¢ is positive, then an economy is currently productive base sus-

8TKyoto Protocol, IPCC report, the Stern Report

88 'Sustainable development is the development that meets the needs of the present
without compromising the ability of future generations to meet their own needs". The
Brutland Report.
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tainable and genuine investment is also positive®®. In this sense, sustainable
development is measured as the change in productive capacity. Reductions
in productive capacity can be captured by negative genuine investment and
imply that we leave less productive capacity to future generations to satisfy
their needs. More specifically, if an economy is not currently productive base
sustainable, then the time derivative of the R-K SWF at time ¢ is negative
and genuine investment is also negative. Negative genuine investment (or
savings) imply that total wealth is in decline and policies that lead to persis-
tently negative genuine savings are unsustainable?. This can be considered
as a productive base approach to sustainable development.

Following this methodological approach, we develop our model based on
the case of non optimizing economies’ that we believe fits best current eco-
nomic structures. We estimate CCSW conditions for two large groups of
23 developed?? and 21 developing economies? by taking into account one of
the basic environmental factors that can be held accountable for the global
warming phenomenon, namely C'O, emissions?. Given the damages that
CO4 emissions and other GHG’s create, our goal is first to define theoreti-
cally and then to estimate the CCSW for each one of the countries we analyze
(developed and developing). Under the current production structure, the re-
alized C'O, emission time paths, the currently estimated C'O, damages and

89 Arrow et all., (2003).

90The World Bank (2006, Ch. 3). Asheim (1994), Hamilton and Clemens (1999), Pezzey
(2004b), show that negative genuine savings at t, that is declining social welfare, implies
unsustainability in individual utility terms in optimizing economy. This result however
has not been shown to hold in a more general non-optimizing context.

91 A non-optimizing economy is an economy where goverment whether by design or by
incompetence does not choose policies that maximize intergenerational welfare. (Arrow et
all., 2003).

92The 23 countries used in our analysis are the following: Canada, U.S.A, Austria, Bel-
gium, Denmark, Finland, France, Greece, Italy, Portugal, Spain, Sweden, Switzerland,
U.K., Japan, Iceland, Ireland, Netherlands, Norway, Australia, Mexico, Turkey, Luxem-
bourg.

93The 21 Developing countries used in our analysis are the following: Peru, Thailand,
Paraguay, Morocco, Dominican Republic, Guatemala, Honduras, Jamaica, Bolivia, Colom-
bia, Ecuador, Iran, Srilanka, Syria, Yugoslavia, India, Kenya, Madagascar, Malawi, Sierra
Leone, Zimbabwe.

94There are two basic reasons why we use C'O, emissions in this paper as the basic
contributant to the global warming phenomenon. The first reason is that C'Oy emissions
is the most important of all the other GHGs such as methane, nitrous oxides etc in terms
of percentage contribution in the global warming phenomenon. The second reason has to
do with the avaliability of data on C'O, emissions for those two large groups of countries.
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the projected emission time paths?, the CCSW obtained are negative. When
CO4 emission time paths are considered as a policy parameter and when we
change them so that emissions do not increase over time, CCSW becomes
positive. We believe that this theoretical framework is capable of provid-
ing policy suggestions regarding the productive base sustainability implied
directly or indirectly from the empirical implementation of the model.

The next of chapter 4 is organized as follows. Chapter 4.2, describes our
basic model. This model allows us to define a productive base sustainability
criterion or the current change in social welfare conditions. We use a pro-
duction function that includes capital along with technical change and C'Os
emissions as inputs in production. Chapter 4.3 defines the value function
and the accounting prices of our model under the assumption of the global
warming phenomenon. Chapter 4.4 defines the productive base sustainabil-
ity criterion or the current change on social welfare conditions criterion and
the next chapter 4.5 presents the parameters and the empirical results for
each one of the two large group of countries we analyze. Chapter 4.6 presents
our empirical estimations and chapter 4.7 presents some policy implications
that arise from the empirical application and the results of our model. The
last chapter concludes.

4.2 Descriptive Growth with Emissions as an Input

Starting from the concept of a non-optimizing economy in the sense that
while firms maximize profits, consumers save a fixed proportion of their in-
come, our attempt is to provide a measure of current changes in social welfare.
We consider a stylized economy where the productive base includes a list of
assets such as physical capital, human capital, and natural capital, along with
labor augmenting (Harrod neutral) technical change and emission augment-
ing technical change. We consider the earth’s atmosphere as a component
of social overhead capital (Uzawa, 2003) which can play the role of natural
capital. In this case natural capital is associated with the stock of accumu-
lated GHG’s and C'O, emissions along with other GHG’s can be thought as
a reduction of this social capital - a form of disinvestment. Thus the im-
pact of natural capital in our model is captured by two factors: emissions of
COy and other GHGs which are considered as an input into the aggregate
production function. Environmental damages that are associated with the

9 The Stern Report scenario corresponds to 2.5% annual increase of CO, emissions.

60



global stock of CO; and GHGs, which accumulate globally and cause global
warming and climate change®.

Capital accumulation in our stylized economy is described by using the
standard Solow model. We assume that exogenous technical change of labour
augmenting type and technical change associated with emissions are present.
The production function we use is of the form:

Y = F(K,H, AL, BZ) (67)

where K is physical capital, H is human capital, AL is effective labour
with L being labor in physical units, A reflecting labor augmenting tech-
nical change’” and BZ is effective input of emissions, with Z being emissions
in physical units and B reflecting emission saving technical change, or input
augmenting technical change’. Using the Cobb-Douglas assumption, the
production function (67) becomes:

Y = K“H®= (AL)™ (BZ)™

Assuming the existence of constant returns to scale: a; +as+az+as =1,

and expressing output in per worker terms, where y = %, k= %, z = %and

h = %, we obtain:
_ (K\"™ (H\" (AL\™ (BZ\"
 \ L L L L ’

— (egt)“3 (ebtz)“4 ! hag7
= eloastasb)parpaz jae gaz + asb = A\

— ektkal h(lz za4

e e e D

Capital accumulation in per worker terms, assuming that the two capital

goods (produced and human) depreciate at the same constant rate” is given
by:

960, emissions is the basic contributor to the global warming phenomenon and thus
is used in this paper as the fundamental environmental factor in the production function.

9 A (t): the level of labor augmented technical change is defined as Agedt.

% B (t) = Boe®. We normalize the initial level of emission augmented technical change,
by setting By = 1 assuming that each of the groups of the countries we examine started
at the beginning of our data period (1965) approximately at the same level of emissions
augmenting technical change.

9For this assumption see Barro and Sala-i-Martin, (2004).
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k+h=sy—(n+08)(k+h) (68)

Defining k = ke, h = hef’, and z = 2¢ in efficiency units we have:
k = ket + 5]2:65t, h = he®t + 536& and z = éeft + §,€e€t (69)
Substituting k and h in (68) we obtain:

fereSt +-EheS 4 hyeft +-Ehest = s (ke (hyett)o2 (éeét)m—(77+5)(l%t65t+izte§t)

dividing with e we obtain:

N R SeAt]%al egml ]Alaz eagftzmaz 6a4£t R R
ke 4+ he = ¢ ;& : —(n+ 0+ &)k + Ny)
ki + h = seP-Stamsradtpmpaz sas (45 4 &) (ky + hy) (70)
Setting A — & + a1€ + a2 = 0 so that (70) becomes time autonomous we have
£ = A — gastasb 5.9
1—ai—as l—ai—as’
b+ b= sk hi2 2% — (i + 8+ &) (ky + hy) (71)

Following (Barro and Sala-i-Martin, 1995) we assume that savings are allo-
cated between physical and human capital so that the two marginal prod-
ucts of capital are equal if we use both forms of investment. For this to be
achieved, the following conditions should be satisfied:

ayt _ayt
17 —0=ay~ —
t hy

The equality between marginal products implies a one to one relationship
between physical and human capital:

b= ke, b= 2k
aq aq
then (71) becomes:

b 2=k (20) - rare (2E) 0
1

ai a1
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(142 h=sierreze (2) " rorg (1+2)6

a1

N as?aq - )

ki=s| —2— | El@atedze _(p 4 546k 74
= (et Rz g g (74)

az
Setting: (%) = U, where V¥ is a constant, we have:
1

ky = sUEDT25% _ (n 46+ €) |y (75)

Setting a; + as = ¢, then we have:

k= sUkL2% — (464 €) (76)
where output in efficiency units is defined as:
§ = Wk 2

(76) is a Bernoulli equation which can be solved in the following way:
Multiplying with &, ¢ we have:

feoky® = SOk k%29 — (40 + &) ki ®
]A{/'tfft_qﬁ = S\IIZA/’(M — ('I'/ + 6 + 5) Etl%t_gﬁ
Fiky © + (0 + 0+ &) bk © = sW2 (77)

feoky O+ (n+0+&) k70 = sbzm

Setting v = l%tl*‘z’ , we have v = (1 — qﬁ)l%d%{qﬁ_ Then:

Y+ Mo+ =) =(1—¢)sWi™ (78)
which is linear in v and the solution is the following:
sz sz
_ __ 27 ) (A=) (o)t I 79
T (7" n+5+§>6 n+o+¢ (79)
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replacing v, = l%tl ~? we have:

1
iy = K/;l—ab ﬂ) (Bt S‘I’_ZM} e

R n+o+¢
P = K;;tl—qﬁ _ %) (=) 5)(—1) S‘I’_Z“} e
n+o+¢& n+o+¢&

by replacing 2 = ze~¢", the solution for the time path of the stock of capital
is of the form:

b | (e - 2V EE) T aomisrgen |, S ()T
T t
n+o n+o

=
, forT >t

(80)

Equation (80) express the time path of the physical capital stock in the

economy as a function of the parameters of the economy and the time path of

emissions per capita. We examine the way that the path of emissions might

be determined in a market economy in the next section and the implication
of the time paths of emissions on the economy’s value function.

4.3 Value Functions and Policy Implications under
Global Warming

In this chapter we define the choice of emissions and the implied time path
in a context of profit maximizing firms. Assume a representative competitive
firm which solves the following profit maximization problem:

maxIl = F(K,H, AL BZ)— RxK — RyH — wL (81)
subject to Z < Z

Positive marginal products for the inputs and profit maximization implies
that Z = Z. Where Z is an upper emissions limit for the representative firm.
The upper bound on emissions could reflect technical constraints associated
with production technologies or an emission limit determined exogenously
by a regulator or an international agreement such as Kyoto. In this case
aggregate emissions are constrained by the emission limit and emissions in
per effective worker terms are defined as:

A

5= Ze &t — ze_gt = ze ¢ (82)
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where Z denotes the aggregate emission limit on C'O, emissions and Z the
emission limit in per capita terms.
Using the standard Sollow assumption, where consumption is a fixed pro-

portion of output we have that consumption in per effective worker terms is
defined as:

b= (1-5)9 (53)
where § = ye~¢. Thus (83) will take the form:

&= (1 —s) WkPzo
and by replacing ke by (80) in the consumption function we have:

— 7\ ¢4
<,;.t1¢> _s¥ (27) > e~ (1=0)(n+o+&) (=) |

e =(1—5)0
¢ ( s) n+46

s ET) T8

¥ (5e) (ze1)" (84)
n+0

The general state of the environment is introduced into the model by the

variable P, which is interpreted as the stock of C'Os emissions which affects

utility in a negative way. Then the utility function becomes a function of per

capita consumption ¢, and total pollution P, and is assumed, as it is common
in this type of analysis, to have the following separable specification:

l1-0o

Ule,, P,) = ff —D(P,) for0<o <1 (85)
— 0

U(ery,Pr) = Ine, —D(P;) foro=1 (86)

In (85) o is the elasticity of marginal utility, and P, is pollution stock
which creates disutility. Therefore D (P,) can be interpreted as a damage
function assumed strictly increasing and convex. We specify the damage
function as D (P.) = SPY with § > 0 and v > 1. Since the production
structure is determined in per effective worker terms, we need to specify the
utility function (85) in per effective worker terms. If we define consumption

per effective worker as ¢ = ——, from the definition of per capita consumption

AN

we have: o
L= =AY
N, !
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then we have: )

:1—0

and the utility function (85) becomes:

l-0o

(éTAteg(T_t))

u(cr)

1

Uler, Pr) = 7= (&™) "7 = 3P7 (87)

We assume that the evolution of C'Oy stock, denoted by P, is determined

by a first order linear differential equation:
J
P,=) Z—mP, ,P(t)=P, (88)

j=1

where Z;.le Z; = Z7 is the sum of aggregate emissions from j = 1,...,.J
countries which are possibly constrained under an international agreement,
with m reflecting exponential GHG’s decay.

The solution of (88) is:

zZr zZTr
P, = (P —==)e ™4 = 89
(Bi= ) 4 = (59)
Then damages from C'O, stock for country j can be determined as
ZT ZT Y
DJ<PT) = 5]' |:(Pt - _)eim(Tit) -+ E:|

The utility flow in per effective worker terms for country j can be specified
as:

2 . _p\1-o z7r 7T77%
Uy (ki A2, 27, B) = = (At 0) "=, [(Pt—g)e = 2
(90)

The flow of total utility in the economy is N;.Uj(c,, P;), therefore the
value function for the economy, using (90) becomes:!"

100 A more complex structure would require, additional transition equations for say, nat-
ural resources (depletable or renewable), stocks of pollutants, human capital and so on.
In this case the value function would depend on the current values of the stocks for these
assets. The development of such a dynamic system, so that the value function can be
defined in an operational way, is an area for future research.
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V—t - / e_p(T_t)NjTUj(Eh Ata 27 ZTa Pt)dt ) NT = thenj(T_t) (91)
t

J

. o 1 —0
‘/}t (kta Nt7 Ata X2 ZTPt) = / e—(p—nj)(T—t)th |:1 (éTAteg(T_t))l o
t g

It should be noted that under an effective emission limit 2 is defined in terms
of emission limit z through (82). We do not examined how countries have
reached these emissions limits. They might have been determined through an
agreements such as Kyoto’s or limits might have been determined unilaterally.
The key assumption is however that irrespective of how the limits have been
set, they are not the outcome of an explicit optimization either at a national
or at a global level, but, as it is probably more realistic, they are the outcome
of a non-optimizing political process. In the above formulation we could
distinguish between small and large countries. A small country will consider
ZT as a fixed exogenous parameter. On the other hand, a large country
might recognize its contribution in total emissions. In this case, aggregate
emissions for the large country [ will be defined as:

I"=70+Y Z=2+2" (93)
J#

If we write Z;, = z,e€™™* then accounting prices for any country [ at time ¢
can be defined as:

oV, oV oV, oV, oV, oV;

P, = 87%> PNy, = N, DA, = oA, pp, =

ap, Dz, = EE pzr, = aZ—flt

It should be noted that there is an accounting price for the emission limit Z;,
which is formed by two effects. The effect of the emission limit on consump-
tion through the production function as reflected in (85), and the effect of
the emission limit on environmental damages, through aggregate emissions
as reflected in the second term of (90). There is also an accounting price for
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the aggregate emissions of all other countries since these aggregate emissions
affect environmental damages.

Since for any variable w = (l%, 73) we have:

Q
GO =we ™t = Ne_gt (95)

accounting prices in total and per capita terms are defined as:

a‘/t &Dt €_£t

_ - " 96

Pra. 00, 00, N, Pt (96)
oV, 00

P k 8&),5 awt € P ( )

4.4 A Productive Base Sustainability Criterion

In our stylized economy, a positive change in current social welfare can be
considered as an indicator of productive-base sustainability for the country
analyzed. In other words if:

"/;f:pKtK—i_pNtN—i_pAtA—i_pZtZT+thPT20 (98)

then the economy is currently productive base sustainable. More analytically,
if the time derivative of the social welfare function is positive, this implies that
CCSW is positive and that genuine investment is also positive,'®! without
implying sustainability in individual utility terms. If the time derivative is
negative, then genuine investment is negative'®. p, , py., P, Pz, Pp, are

the accounting prices for capital, population, technology, the emission limit

and the pollution stock and K, N, A, Z., P. are the rates of change of
capital, population, technological change, emission limit and the pollution
stock respectively.

01 Evidence provided by the World Bank (2006) suggest that investments in produced
capital, human capital, and governance, combined with saving efforts aimed at offset-
ting the depletion of natural resources, can lead to future welfare increases in developing
countries.

102 A5 suggested by the World Bank (2006, Ch. 3), negative genuine saving rates imply
that total wealth is in decline and policies leading to persistently negative genuine savings
are unsustainable.
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K : d(K/N
Dividing by Nk where k = N using the fact that £ = M =

. dt
K
—— Nk and that the accounting price for capital in physical terns is related

N
to the accounting price of capital in per effective worker terms, by (96) we

obtain:

St:

ETN ) PN TP AANE P 7 Nk PR P Nk,

(99)
where S; measures the change in the value of the economy per unit of pro-
duced capital stock at time ¢ and could be interpreted as the rate of return
on produced capital measured in terms of social welfare. By multiplying
S; by the current stock of capital we obtain a measure of current genuine

investment. Using as before A/A =g N /N = n; and denoting the rate of

Vi pg, (kN N1 A A Z. 7 P, P
Nik, AN,

growth of capital per worker by k [k =v; by Z Z _ X; the rate of growth of the
flow emission limit with y < 0 indicating that environmental policy becomes
gradually more stringent and x > 0 indicating that environmental policy is
gradually becoming laxer; and with 7 = % the rate of change of the GHGs
stock, we have that social welfare increases currently and thus development
can be considered as currently sustainable in productive base terms if:

Al A

>0 (1
gNtk:ter XN (100)

1
— (v+n)+pn,n—

+
kil pp T

n P
DPrA; Nt by~

4.5 Empirical Estimations - Parameters and Results

Based on the descriptive growth model of chapter 4.2 and the methodol-
ogy developed to determine whether an economy is currently productive base
sustainable, positive change on social welfare or not, we define in this section
the parameters used and present the numerical values. The table that follows
defines the parameters. The values correspond to the period 1965-1990.
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Parameters Values in tables

v : Average growth of capital per worker (1,3)

n : Average growth of population (1,3)

$ : Marginal damages from C'O stock (1,3)

s : Average saving rate (1,3)

X : Average growth of C'O, emissions (1,3)

k : Average value of capital per worker (1,3)

N : Average value of population per country (1,3)

Z : Average of C'O, emissions per country (1,3)

W : Constant of the production function (1,3)

QZ§ =a1 + as (2, 4)

as : Production elasticity with respect to labor (2,4)
a4 : Production elasticity with respect to emissions (2,4)
g : Rate of growth of labor augmenting technical change (2,4)
b : Rate of growth of emissions augmenting technical change (2,4)
d : Depreciation rate (2,4)

o : Elasticity of marginal utility (2,4)

A= gas + b(l4 (2, 4)

p : Utility discount rate (2,4)

7 : Growth rate of total stock of C'O, (2,4)

v : Parameter of the damage function (2,4)

m= 1—ai\—a2 <2’ 4)

a1 and as are the production elasticities with respect to physical and hu-
man capital. In the competitive context all elasticities can be interpreted as
the corresponding input share in output. In the context of Barro’s assump-
tion about the equality of marginal products of physical and human capital,
we can interpret ¢ as the sum of share of each of these two types of capital.
For the case of developed countries: as is the share of labor and a4 is the
share of emissions. For the case of developing countries asz is the share of
emissions and a4 does not exists.

Tables 1, 2, 8 and 4 that follow, present the parameter values used in
our analysis for each one of the 23 developed and the 21 developing countries
we analyze in order to estimate the productive base sustainability criterion
(100). All the data from tables 1, 3, are estimated using the Penn World
tables 5.6. The estimated parameters in tables 2 and /, are taken from
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Tzouvelekas, Vouvaki and Xepapadeas, (2006)'%3.

Table 1: Parameters for the group of the 23 developed countries

Countries v n I}
CANADA 0.032928687 0.021663857 | 0.00000000589025
U.S.A. 0.025689321 | 0.016860844 | 0.0000000170573
AUSTRIA 0.056128625 | 0.005204929 | 0.0000000112802
BELGIUM 0.033679182 | 0.006020976 | 0.0000000112802
DENMARK 0.032228406 | 0.009740526 | 0.0000000112802
FINLAND 0.038567052 | 0.007327035 | 0.0000000112802
FRANCE 0.041156021 | 0.008760808 | 0.0000000112802
GREECE 0.048409278 0.005288991 | 0.0000000112802
ITALY 0.038191952 0.004650733 | 0.0000000112802
LUXEMBOURG | 0.024833593  0.00845968 | 0.0000000112802
PORTUGAL 0.048177233 0.009314411 | 0.0000000112802
SPAIN 0.059058156  0.007504434 | 0.0000000112802
SWEDEN 0.03556534  0.009562269 | 0.0000000112802
SWITZERLAND | 0.033619931 0.007888075 | 0.00000000589025
UK. 0.034014633 0.004932269 | 0.0000000112802
JAPAN 0.076563662 0.010002479 | 0.00000000589025
ICELAND 0.041646473 0.02103928 | 0.00000000589025
IRELAND 0.043979598 0.008039493 | 0.0000000112802
NETHERLANDS | 0.030230736 0.013831165 | 0.0000000112802
NORWAY 0.007732509 0.014628489 | 0.00000000589025
AUSTRALIA 0.023857968 0.021364042 | 0.00000000589025
MEXICO 0.028233733 0.030730162 | 0.00000000589025
TURKEY 0.046517799  0.01948306 | 0.00000000589025

table 1 continued

103Tzouvelekas, E., Vouvaki, D. and A. Xepapadeas, "Total Factor Productivity Growth
and the Environment: A Case for Green Growth Accounting", FEEM working paper 42,
2006.
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Countries S X
CANADA 0.192667465 | —0.000268545
U.S.A. 0.154015995 | —0.005307595
AUSTRIA 0.224252472 | 0.010731307
BELGIUM 0.237979369 | —0.007877097
DENMARK 0.207586337 | —0.009204111
FINLAND 0.233684447 | 0.017010918
FRANCE 0.198030225 | —0.007721138
GREECE 0.167062284 | 0.051160436
ITALY 0.208762513 | 0.021453243
LUXEMBOURG | 0.208762513 | —0.015120024
PORTUGAL 0.202154111 0.04375945
SPAIN 0.218688333 | 0.034295707
SWEDEN 0.206691146 | —0.02630012
SWITZERLAND | 0.319314338 | 0.004782584
UK. 0.158115522 | —0.008363536
JAPAN 0.300260704 | 0.029049305
ICELAND 0.164227689 | —0.008439755
IRELAND 0.201257546 | 0.020256859
NETHERLANDS | 0.260411589 | 0.001596095
NORW AY 0.285949685 | 0.005501036
AUSTRALIA 0.200730732 | 0.011726163
MEXICO 0.197188633 | 0.024634313
TURKEY 0.201245619 | 0.044337772

table 1 continued
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Countries k N A [ ]

CANADA 29053.44 23264538.46 | 34.7 | 0.972305717
U.S.A. 26868.12 | 2221231154 | 43 | 1.110251982
AUSTRIA 22481.44 | 7513230.769 | 15.7 | 0.852257132
BELGIUM 28152.6 | 9769153.846 | 29.8 | 0.884707674
DENMARK 25440.36 | 5034653.846 | 21.9 | 0.801291883
FINLAND 31474.16 | 4758153.846 | 19.4 | 0.704514053
FRANCE 25789.96 | 53046269.23 | 17.9 | 0.932318299
GREECE 17145.92 9355846.154 | 12.3 | 0.610576308
ITALY 22957.64 55493192.31 | 15.1 | 0.919599527

LUXEMBOURG | 37022.96 357807.6923 | 74.9 | 0.828567478
PORTUGAL 7720.64 9487769.231 | 5.7 | 0.640545578

SPAIN 16900.32 36152269.23 | 12.5 | 0.895747244
SWEDEN 27359.56  8204807.692 | 18 | 0.909050164
SWITZERLAND | 53245.24 6344538.462 | 12.7 | 0.865843589
UK. 15321.44 56133653.85 | 22.1 | 0.919075505
JAPAN 19857.68 112855269.2 | 11.7 | 0.639526001
ICELAND 13281.72  223307.6923 | 15.6 | 0.949797951
IRELAND 15612.68 3251692.308 | 18.5 | 0.723397077
NETHERLANDS | 25850.72 13791192.31 | 24.9 | 0.996420422
NORW AY 41986.04 4021692.308 | 14.2 | 0.762167448
AUSTRALIA 29943.04 14228115.38 | 28.7 | 0.918414009
MEXICO 11906.36  63155307.69 | 9.5 | 0.804922725
TURKEY 5459.76  42756115.38 | 4 | 0.443093265

For tables 1 - above- and & - that follows- the parameters were obtained
as follows: the average of the saving rates s for the case of the developed
countries were obtained from the National Accounts of OECD database and
for the case of the developing countries were obtained from the Economics,
Business, and the Environment — National Savings: Gross savings as a
percent of GNI. In estimating the production function we used fixed effects
estimation so ¥ was the sum of the coefficient of the production function
and the fixed effects of the production function. The shares of capital, la-
bor, emissions and the rate of growth of labor augmenting and emission’s
augmenting technical change were obtained from Tzouvelekas, Vouvaki and
Xepapadeas, 2006'%*. 3 which is the marginal damages from CO, stock was

104 Tz0uvelekas, E., Vouvaki, D. and A. Xepapadeas, "Total Factor Productivity Growth
and the Environment: A Case for Green Growth Accounting", FEEM working paper 42,
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estimated for the developed countries using Fankhauser and Tol (1997) who
estimated damages from the doubling of C'O, in different world regions. For
the developing countries, marginal damages were obtained using Nordhaus
(1998)195,

Table 2: Common parameter values
Parameter 0] as ay g b gasz  bay )
Value 0.325968 0.596 0.077 0.014 0.026 0.008 0.002 0.03

o A=gaz+bay p vy M= _2

l1—ai—a2

0.5 0.010675682 0.03 1 0.015838539

For tables 2 - above- and 4 - that follows, the parameters were obtained
as follows: the depreciation rate ¢ was the same for the case of developed
and developing countries and was obtained from Mankiw et all., (1992). The
elasticity of marginal utility o was also the same for both cases and suggests
that the equal distribution of income does not have a significant weight in
the utility function. The utility discount rate p was taken 3%!% and v = 1
which implies a linear damage function.

The parameter values for the group of developing countries are summa-
rized in table 3 that follows.

Table 3: Parameters for the group of the 21 developing countries

2006.

105\, D. Nordhaus, 1998, Revised Estimates of the Impacts of Climate Change.

106 The value of 3% has been used by a number of researchers for the estimation of
marginal social costs of COy emissions (see, for example, surveys by Fankhauser and Tol,
1997, Tol, 2005). The values of 1% and 2%, along with time declining rates, have also
been used in these studies.
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Countries v n 15}

PERU 0.012155219  0.026573374 | 0.0000000907476
THAILAND 0.064312423 | 0.026938467 | 0.0000000529394
PARAGUAY 0.0599008 0.029792926 | 0.0000000907476
MOROCCO 0.01180978 | 0.030086627 | 0.0000000578675

DOMINICAN REP. | 0.052249044 | 0.029116439 | 0.0000000578675
GUATEMALA 0.021661835 | 0.025445452 | 0.0000000907476
HONDURAS 0.016896959 | 0.031984921 | 0.0000000907476
JAMAICA —0.00078736  0.021162102 | 0.0000000907476
BOLIVIA 0.030452654  0.021997488 | 0.0000000907476
COLOMBIA 0.02456555  0.025270989 | 0.0000000907476
ECUADOR 0.039715588  0.025793195 | 0.0000000907476

IRAN 0.069761428  0.034655315 | 0.0000000692038
SRILANKA 0.030501594  0.018220663 | 0.0000000529394

SYRIA 0.017400356 0.0300723 | 0.0000000692038

YUGOSLAVIA 0.050017192  0.008301377 | 0.0000000692058
INDIA 0.036262979  0.019425761 | 0.0000000529394
KENY A —0.007093912 0.040524848 | 0.0000000578675
MADAGASCAR 0.007302069  0.020755864 | 0.0000000578675
MALAW I 0.056975768  0.025468426 | 0.0000000578675
SIERRALEONE 0.048099166  0.014407023 | 0.0000000578675
ZIMBABWE —0.015083099 0.036904505 | 0.0000000578675

Table 3 continued
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Countries

S

X

PERU 0.1877 —0.002464966
THAILAND 0.2777297297 | 0.075204219
PARAGUAY 0.1564102564 | 0.026822542
MOROCCO 0.2085714286 | 0.038209517

DOMINICAN REP.

0.1932432432

0.043170423

GUATEMALA 0.11885 0.012405097
HONDURAS 0.1550263158 | 0.017557974
JAMAICA 0.1973 0.017935637
BOLIVIA 0.1459714286 | 0.029362691
COLOMBIA 0.1784285714 | 0.010349838
ECUADOR 0.145425 0.05290342
IRAN 0.2933793103 | 0.020324961
SRILANKA 0.17465 —0.003297832
SYRIA 0.1774857143 | 0.061044875
YUGOSLAVIA 0.1774857148 | 0.03099768
INDIA 0.20095 0.036739344
KENY A 0.167225 —0.006222883
MADAGASCAR 0.5808333333 | 0.000359423
MALAW I 0.028 —0.003835103
SIEFRRALEONE 0.3292 —0.007724857
ZIMBABWE 0.1395789474 | 0.009521261

Table 3 continued
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Countries k N A [ |
PERU 8648.615385 | 16312.34615 | 4.006080643 | 1.67630338
THAILAND 2866.730769 | 43799.96154 | 1.481421126 | 1.138801052
PARAGUAY 609.3076923 | 3010.769231 | 1.159184513 | 2.003815273
MOROCCO 2147.615385 18701.69231 | 2.280925304 | 1.487305361
DOMINICAN REP. | 3836.615385 5408.153846 | 3.602092971 | 1.448813579
GUATEMALA 3298 6600.846154 | 1.701286795 | 2.021977514
HONDURAS 4286.192308 3492.384615 | 1.628043995 | 1.206198888
JAMAICA 4436.384615 2064.615385 | 7.004211969 | 0.984705172
BOLIVIA 5720.346154 5330.307692 | 2.174962904 | 1.303648667
COLOMBIA 10647.73077  25299.73077 | 4.818757212 | 1.438349103
ECUADOR 11560.53846 7690.538462 | 4.170708691 | 1.528243444
ITRAN 8191.384615 37401.38462 | 11.59577103 | 1.966782581
SRILANKA 6924.961538 14127.73077 | 0.699531707 | 1.439297288
SYRIA 12150.84615 8287.5 7.553502822 | 1.993631799
YUGOSLAVIA 5422.346154 21765.53846 | 9.351693997 | 1.410042717
INDIA 1376.153846 656496.1154 | 1.269852887 | 0.740467897
KENY A 1130.076923 15803.53846 | 0.650252843 | 0.773179535
MADAGASCAR 1731.038462 8379.230769 | 0.258102064 | 1.05960691
MALAW I 365.7307692 5860.038462 | 0.200389063 | 0.735358606
SIERRALEONE 163.3076923 3162.692308 | 0.420699171 | 1.606222261
ZIMBABWE 5759.615385 6768.346154 | 3.451498869 | 0.569696794

Table 4: Common parameter values
Parameter 0] az = S, g b gas bas
Value 0.095117 0.330547 0.00815 0.00405 0.004684 0.001339273

A

) o A=gas+bas o 7 L
0.03 0.5 0.006023273 0.03 1 0.010487368

To determine (99) and (100), we also need values regarding the growth
of CO4 emissions and the growth of COy stock. Treating the future growth
of C'O, emissions as a policy variable, the evolution of the C'Oy stock can be
determined using (89) as:

emt Z[)

_m+x

Zo

P(t) m—+x

+ G_mt(Po —

) (101)

where m is the exponential pollution decay on emissions, x is the rate of
growth of global C'O, emissions, F, is the initial stock of COy and Z; is
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the initial level of total C'O, emissions globally. Regarding the parameters
values, the initial stock of pollution from C'Oy emissions P, was 785.3 billion
tons of C'O obtained from Guillerminet and Tol (2005) and the initial level of
global total emissions (flow) Z, was 6.15 billion tons of CO5 and was obtained
from Guillerminet and Tol (2005). m, the exponential pollution decay on
emissions taken at a value of 0.0083 from Reillly and Richards (1993). For
the value of x we used three different scenaria regarding the evolution of C'O,
emissions. The first scenario, which was motivated by the Stern Report!®7,
follows the assumption that the global C'Oy emissions increase annually by
2.5% or x = 0.025 per year. The second scenario is a scenario of constant
global C'Oy emissions x = 0, that enabled us to extract helpful results for the
impact of the environmental factor on productive base sustainability. The
third scenario is based on an annual increase of global emissions per 0.5%
or x = 0.005 per year. This is a completely arbitrary scenario chosen to
check whether for low rates of growth of annual global C'Oy emissions, the
productive base sustainability criterion changes sign.

4.6 Accounting Prices and Productive Base Sustain-
ability for Developed and Developing Countries

This chapter presents the results of our empirical estimations which are
based on our empirical model and the parameter values described in chapter
4.5. The accounting prices for the two groups of countries and the signs of
the CCSW or the productive base sustainability criterion of the economies
analyzed were obtained under the three different scenaria of global C'O, emis-
sions described in chapter 4.5.

When we follow scenario 1 (x = 0.025), the results indicate that both for
developed and developing economies the accounting prices of capital (APK),
COy emissions (A.PCO,), technological change (APG) are positive while
the accounting prices of global emissions of COy (APGz) and of the stock of
COy (APP) are negative. The signs of the accounting prices can be inter-
preted as following: When capital, C'Oy emissions and technological change
increase per one unit, then the social welfare also increases. On the other

107" Annual emissions are still rising. Emissions of carbon dioxide, which accounts for
the largest share of greenhouse gases, grew at an average annual rate of around 2%%
between 1950 and 2000. In 2000, emissions of all greenhouse gases were around 42GtCO2e,
increasing". The Stern Review, Part III: The Economics of Stabilisation, Chapter 7 pp.
169
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hand, when global emissions and of the stock of C'O, increases, this reduces
social welfare and thus the sign of those accounting prices is negative. For
the case of scenario 1, the sign of the current change on social welfare con-

ditions (V) is nmegative which is something we expected due to the positive

and high environmental degradation that the persistent increase of global
annual C'O, emissions create. Following scenario 2 (x = 0), we observe
that the results change significantly. As far as the signs of the accounting
prices are concerned, we have the same pattern, but the CCSW criterion -

<V> is now positive both for the case of developed and developing countries.

This result confirms the hypothesis that the currently regarded as plausible
path of global C'O, emissions affects negatively productive base sustainabil-
ity. Thus, our results indicate that by keeping emissions at a constant level,
this environmental friendly but probably unrealistic scenario would provide
positive results for the CCSWC and imply current productive base sustain-
ability. Scenario 8 (x = 0.005), provides the same positive values for the
accounting prices of capital, CO, emissions, and technological change, nega-
tive values for the accounting prices of global emissions, the stock of C'O, and
the productive base sustainability criterion!’®.!® This pattern confirms our
initial hypothesis and observation that even with a very small percentage an-
nual increase of C'O, emissions, the results are not optimistic for productive
base sustainability. Those results are an indication of the need for a strict
management of global C'O; emissions in order to avoid the erosion of the
sustainability of the productive base of the economy that the global warming
phenomenon creates.

4.7 Policy Implications

As shown from the results of our empirical analysis, there are some basic
parameters that affect the sign of the CCSW criterion. The basic one, is
the accumulation of global C'Os emissions in the atmosphere. We observe
from our empirical analysis that when the annual growth of global C'O,
emissions increase from 0% to 0.5% or 2.5%, the current change in social

108For the case of Mexico (developed countries) in scenario 3, the result of the Current
Changes on Social Welfare Conditions V' is positive in contrast with all the other countries
under analysis where the sign of V is negative for 0.5% global CO, emissions increasement.

109The calculations were performed using Mathematica. All the codes are available by
the author at: http://www.soc.uoc.gr/vouvaki - Mathem. Code. Two of the calculations
are presented in the appendix of the current chapter as an example.
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welfare criterion changes sign and becomes negative (V' < 0). In particular,
when we have 0% rate of growth of global emissions, then the growth of
the stock of C'Oy emissions is negative and the growth of emissions of each
country is zero. This means that the state of the environment has a positive
impact on total social welfare and the criterion is positive both for the group
of the developed and the developing economies. When we change the annual
global emissions rate of growth to 0.5%, the growth of the stock of C'Os is
positive. This implies that the CO; accumulation has a negative impact
on total social welfare and the criterion turns negative for developed and
developing countries. When the global emissions rate of growth becomes
2.5%, the growth of the stock of C'Oy is also positive and the change in social
welfare is "more negative" relative to the 0.5% C'Oy growth scenario. The
global C'Oy emission’s rate of growth can be adjusted by the use of specific
policy tools such as emission limits (Z) or emission taxes (7). Those emission
limits can be used on a country level so that global CO, emissions not to
exceed a specific maximum level Z9°b¢max  Gimjilar results can be obtained
with the imposition of a tax as a policy tool. The Kyoto protocol can be
regarded as an attempt to define Z and therefore the growth of emissions of
the participating countries and globally. Our results suggests that in order
to have productive base sustainability, the international agreements should
set the limit of emission’s growth very close to 0%.

From the results we obtained, we observe that there is a direct relationship
between the growth of emissions of each country we analyze, the growth of
global emissions, the growth of C'O, stock and productive base sustainability
criterion. The growth of emissions of each country affects the growth of
global emissions which affects the growth of C' O, stock. A result, a reduction
of global C'Oy emissions could have two conflict impacts. The first is that
reduced emissions will produce gains in terms of reduced C'Oy stock and
this a positive effect for productive base sustainability. The second is that
reduced emissions in a country may imply output reduction if other cleaner
ways of production are not used. This implies reduced consumption and
capital accumulation and a negative effect or productive base sustainability.
Our results suggest that if emissions are kept constant the gains from the
reduction of the global C'O, stock outweights any losses in output in an
individual country, for all the countries examined and promotes productive
base sustainability in all countries.

It is well known that output growth has been connected to the environ-
ment and sometimes the perception exists that environmental consciousness,
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care and environmental friendly politics can harm growth. Nevertheless,
studies as those related to the environmental Kuznets curve and the related
literature seem to provide evidence that tend to change this hypothesis and
delink output growth and the environment in terms of reduction of total
output in the case where environmental friendly policies are used. From our
model, a parameter that can play an important role toward this de linking
is the parameter b - the emission’s augmenting technological change. The
significance of this parameter is that it can be used as a potential policy
tool to compensate for the negative impact that a reduction in emissions can
have on growth. This can be obtained for example by subsidies for the use
of cleaner technologies or by international R&D cooperation.

The second question that arises is whether a single country is able to
change the sign of CSW and whether unilateral policies can have results and
how significant those results will be in terms of productive base sustainabil-
ity both for the country that takes the unilateral action of reducing C'Os
emissions and also for other countries that might benefit from the unilateral
actions, since global C'O, emissions might be reduced. This is a hard issue to
be addressed due to the reason that when we deal with the greenhouse effect
and climate change, we refer to global magnitudes. What we measure in
these cases, is the contribution of all countries in total emissions. Unilateral
policies can lead to the reduction of emissions in certain countries if these
policies are applicable and effective. The case where the contribution of a
group of countries in total emissions is positive (which is the realistic case)
but there is one country with negative contribution in total emissions, the
question that arises is whether this reduction can counterbalance the total
result on current CSW. For example, if USA reduces its annual emissions of
CO4 and the rest of the world keeps increasing annual C'Os emissions, the
question is whether and how much productive base sustainability for each
country will be affected. The significant parameter here is the percentage
(%) contribution of a single country to total emissions. When we deal with
U.S.A for instance, we know that this country has large importance in the
global warming phenomenon as implied by the large contribution of U.S.A
emissions on global emissions. If U.S.A for example followed policies that re-
duced it’s CO, emissions yearly by 2%, this could promote productive base
sustainability both in the U.S.A and in the rest of the world. This final result
however depends also on the reaction of other countries. If the unilateral ac-
tion triggers more emissions by other countries since they might expect that
their increased emissions will be counterbalanced by the unilateral action,
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then the final result might be overall negative CSW. To further examine
this question we measured the productive base sustainability criterion for
the case of U.S.A using the following assumptions. The rate of growth of
COy emissions for U.S.A was negative and at the same time we assumed
an annual global C'Oy emissions increase of 2.5% (for the other countries).
The productive base sustainability criterion was negative. This experiment
means that eventhough U.S.A, a country with a large contribution in the
global warming phenomenon, could follow policies leading to a negative rate
of growth of its own C'Os emissions, this does not imply that the productive
base sustainability criterion will be positive with a rate of growth of C'O,
emissions for the rest of the world increasing at 2.5% per year. This result
suggests that the final result about productive base sustainability depends on
the reaction of other countries. Our model could help at tracing these effects
since basically this implies the incorporation of alternative paths for C'O,
emissions for different countries. The last test we run in order to verify that
our main results were robust, was to choose a logarithmic utility function!'!’
instead of (90) where elasticity of marginal utility was o = 0.5, assuming
therefore 0 = 1 we obtain results for the productive base sustainability crite-
rion both in developed and in developing countries. The results we obtained
using the logarithmic utility function are summarized as follows: When we
follow scenario 1 (z = 0.025), with a global C'O, emissions increacement per
2.5% and a logarithmic utility function, the productive base sustainability
criterion becomes negative and the accounting prices of capital, technical
change and emissions are positive while the accounting prices of global emis-
sions and C'O, stock are negative. If we follow scenario 2 where global C'O,
emissions is zero (x = 0), we observe that the results remain the same as
before when we used (90) with ¢ = 0.5, both for developed and developing
countries. More analytically, the productive base sustainability criterion is
positive and the accounting prices of capital, technical change and emissions
are positive while the accounting prices of global emissions and C'O, stock are
negative. Thus, the same conclusions and implications regarding productive
base sustainability can be derived for the case where we use the same utility
function that the Stern Report assumes.

4.8 Concluding Remarks

110GQych a function has been extensively used in the Stern report, so our results about
productive base sustainability could be interpreted in the context of the utility function
assumptions of the Stern report.
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One of the basic variables that affect the current change on social wel-
fare (CCSW) conditions is C'Oy emissions along with other GHG’s emissions
which are considered to be the basic contributors to the global warming phe-
nomenon. This paper attempts to formulate a theoretical model to provide
empirical results for the productive base sustainability of economies under
global warming and can be characterized as a productive base approach to
sustainable development. To achieve this, we tried to determine a criterion
that measures the current change of the productive base of an economy by
taking into account the environmental damage created from the global warm-
ing phenomenon. We considered a non optimizing growth framework and we
derived results for the productive base sustainability of two large groups of
countries, developed and developing. We applied the model in 23 developed
and 21 developing countries by using three different scenaria of global C'O,
emissions’ growth and we obtained results for the current productive base
sustainability of each one of them.

The main empirical finding of the paper under two alternative utility
function specifications is that when we follow the scenaria where global C'O,
emissions increase, then the productive base sustainability criterion is nega-
tive for almost all the countries under analysis. When global C'O5 emissions
remain constant, the productive base sustainability criterion is positive both
for the case of developed and for the case of developing countries. Our em-
pirical findings confirm the perception that the intensification of the global
warming phenomenon can erode the productive base sustainability of modern
economies.

Appendix

The following calculations were performed using Mathematica.The first
one refers to Canada (from the group of the developed countries) where we
follow scenario 1, (x = grthgz =0.025; global C'O, emissions increacement
per 2.5%). The second example refers to Peru (from the group of the de-
veloping countries) where scenario 1 is used again. The results are shown
in the next pages. The rest of the codes are available by the author at:
http://www.soc.uoc.gr/vouvaki - Mathem. Code and at the CD which is
included in the end of the thesis.
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Accounting Prices CANADA gz=2.5%.nb

(*Acounnting prices, value function and derivative of value function CANADAx)

(*we define consumption hatx)

Clear[g! bl all a3l a4! rl! p! YI B! s! 6! o'I vI ‘pl ¢I §I ml X1I X2]
Clear[khat, k, zbar, z, zhat, alpha, p, n, gz, grthgz]

General::spelll :
Possible spelling error: new symbol name "zhat" is similar to existing symbol "khat". More..
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etk
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Possible spelling error: new symbol name "chat" is similar to existing symbols {khat, zhat}. More..
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Pk[k_l z2_,9z_, grthgz_, t_l alPha_r P_, n_] = 0k v1l[k, z, gz, grthgz, t, alpha, p, n]
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pgzl[k_, z_, gz_, grthgz_, t , alpha , p_, n_] =84 V1[k, z, gz, grthgz, t, alpha, p, n]

- egrthgz t
,et (n-p)

-mt grthgz t -l+y
= R e |

grthgz +m - grthgz +m - BY

grthgz +m grthgz +m "

(*accounting price for pollutionx)
pplk_, z_, gz_, grthgz_, t_, alpha_, p_, n_] =9, vl[k, z, gz, grthgz, t, alpha, p, n]

-1l+y
- - egrthgzt 7 B 7
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" grthgz +m B grthgz +m - By
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(*ACCOUNTING PRICES DEFINED BY THE INTEGRALx)
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NIntegrate[vl[k, z, gz, grthgz, t, alpha, p, n], {t, 0, 1000000}]
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NIntegrate::ncvb : NIntegrate failed to converge to prescribed
accuracy after 7 recursive bisections in t near t = 91.24152131216795°. More..
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pn[k, z, gz, grthgz, t, alpha, p, n]
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(*accounting price for gzx)

pgz[k, z, gz, grthgz, t, alpha, p, n]

~-0.137034 e70.00833614t (_30.03 e—0.00SBt +30.03 e0.0ZBt)
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acpgz = NIntegrate[pgz [k, z, gz, grthgz, t, alpha, p, n], {t, 0, 1000000}]

~-2.592690770843490x 10723°

(*# accounting price fpr pollution stockx)

pplk, z, gz, grthgz, t, alpha, p, n]

~0.137034 670.01663611:

acp = NIntegrate[pp[k, z, gz, grthgz, t, alpha, p, n], {t, 0, 1000000}]

-8.23712

(*time derivative of the value functionx)

ack

60186.

acn

-6.863495269235005x 10724

acalpha

2.03267x10%°

acz

5.98802x 10’

acpgz

~-2.592690770843490x 10723°

acp

-8.23712

growthalpha = 0.014441; growthn = 0.021663857;
growthp = 0.02198545696425092; growthz = -0.000268545; growthk = 0.032928687;

General::spelll :
Possible spelling error: new symbol name "growthp" is similar to existing symbol "growthn". More...

General::spell : Possible spelling error: new symbol
name "growthz" is similar to existing symbols {growthn, growthp}. MoOre..

General::spell : Possible spelling error: new symbol
name "growthk" is similar to existing symbols {growthn, growthp, growthz}. More...

vdot = (ack/n) * (growthk + growthn) + (acn * growthn) / k +
acalpha x growthalpha *x (alpha/nx*k) + aczxgrowthz* (z/nx*k) + acp*growthp* (p/n=*k)

-5.117802918789777x10723°
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(*Acounnting prices, value function and derivative of value function PERU%)

(*we define consumption hatx)
Clear[g! bl all a3l nl pl YI BI SI 6/ G, VI lI’I ¢I fl ml xj‘l x2]
Clear[khat, k, zbar, z, zhat, alpha, p, n, gz, grthgz]

General::spelll :

Possible spelling error: new symbol name "zhat" is similar to existing symbol "khat". More..
x1=0;%x2=0;
khat = k *Exp[-§ * t]

etk

zhat = z*Exp[-§ * t]

etez

chat[k_, z_, x1_, t_]=
(1-s) *¥* (((khat* (1-¢) -s*¥*xz”a3/ (n+6))) *Exp[-(L-¢) * (n+6+&) »t] +
s*W¥# (zhat) “a3/ (n+8))*(¢/ (1 -49)) * (zhat) ~a3

General::spell :

Possible spelling error: new symbol name "chat" is similar to existing symbols {khat, zhat}. More..

[
—t & a3 a3 -6
3 s (e Z v 1- sz ¥
(1-s) (etéz)* v s(e"z) ¥ ot (-1+9) (etéx)? )

5+n S5+n

(*we define utility per capita as u= ‘il_: *)
ulk ,z ,gz_,grthgz_, t_, alpha , p_ ] =
(((chat[khat, z, x1, t] *alpha*Exp[g*t])*(1-0))/(1-0)) -
B ((p-gz/ (m+grthgz)) *Exp[-m* t] + gz *Exp[grthgz*t] / (m+ grthgz)) * vy

grthgz t Y
(TG e 95 p)) g
grthgz +m grthgz +m
5 o 1-o0
alphaedt (1-s) (etéz)"w (L;;ZJ_‘P et (016 (149) ((e2t¢ k) 1-¢ %)) =
l1-0
(#value functionx)
vli[k_, z_, gz_, grthgz_, t , alpha ,p_, n_] =
Exp[-(p-n) *t] *xn+*u[k, z, gz, grthgz, t, alpha, p]
hgz t Y
to) |- (&R gZ e (L —
€ n (grthgz+m te grthgz +m P B+
@ 1-o

{alphaegt (1-s) (eft(gZ)a%P < s (e’éi;)“ty 4 @t (6+n+€) (-1+0) <(672t£ k)l’(b— sza3‘¥>> -

l-0

(¥accounting price for k=)
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Pk[k_l z2_,9z_, grthgz_, t_l alPha_r P_, n_] = 0k v1l[k, z, gz, grthgz, t, alpha, p, n]

alpha e t-2 EEFE (1-p)+E (8471+E) (-149) (g-2t¢ k)*fb n(l-s) (et€ z)a3
2]

-t & a3 i B a3 v -l 155
puw |5 (e "2) + et (5+71+8) (-1+9) ((e—2t§ Kyle_ Sz

S5+n 5+n

5 e B3y a3y %
alphaed® (L-s) (et€z) Py | S (e "2 + et (04 (-1+6) ((e’2t§ IS R )
o+n S5+n

(*accounting price for n%)
pnlk_, z_, gz_, grthgz_, t , alpha_, p_, n_] = 8, vl[k, z, gz, grthgz, t, alpha, p, n]

h
et (1-P) _(7@3rt gz +e™mt (_7gz +p)) B+
grthgz +m grthgz +m

—t & Z>a3

5+n

alphae?t (1-s) (e—tgz>a3\y ( s (e Y 4 et (6+n+8) (-1+0) ((e—2t§ k)17¢7 sza31¥>> =

l1-0

(¥accounting price for alphax)
palphalk , z , gz , grthgz , t , alpha , p , n ] =
6alpha Vl[k/ Zy 92z, grthgzr t, alphar 102 n}

General::spelll
Possible spelling error: new symbol name "palpha" is similar to existing symbol "alpha". More..

]
—t a3 3 1-¢
eIt 10 (1 _g) (etE )Py | (‘eéiz) ¥, et (64n+8) (-1+9) ((e—2t§k)1*¢_ SéZj n‘¥)
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alpha et (1 -s) (eftgmaﬂp s (etfz)T W 4 @t (6+0+8) (-1+0) ((e’2t§ k)l’“’_ s z? IP)
5+ 5+1

(#accounting price for zx)
pzl[k_, z_, gz_, grthgz_, t_, alpha , p_, n_] =0, vl[k, z, gz, grthgz, t, alpha, p, n]

et (1-P)
_ a3 3 19
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5+n 5+n 1-¢
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pgzl[k_, z_, gz_, grthgz_, t , alpha , p_, n_] =84 V1[k, z, gz, grthgz, t, alpha, p, n]

-1l+y

- egrthgz t e™ t egrthgz t z - z
(Et (n-p) ) ( g9 + mt g9 p) )

grthgz +m - grthgz +m - BY

grthgz +m grthgz +m "

(*accounting price for pollutionx)
pplk_, z_, gz_, grthgz_, t_, alpha_, p_, n_] =9, vl[k, z, gz, grthgz, t, alpha, p, n]

-1l+y
- - egrthgzt 7 B 7
emt+t (n-p) g9 mt 9 p))

" grthgz +m B grthgz +m By

g=0.00815; b=0.00405; a1l = 0.095117; a3 =0.330547; n=0.026573374;
p=0.03;y=1;B=0.0000000907476;s=0.1877;6=0.03;0=0.5;

v =0.012155219 ; ¥=1.67630338; ¢ =0.425664; £=0.010487368 ;
m=0.0083;A=0.006023273; x1=0;x%x2=0; grthgz=0.025;

(*ACCOUNTING PRICES DEFINED BY THE INTEGRALx)

k = 8648.615385; z =4.006080643; alpha =1.67630338;
p = 785300000000; n =16312.34615; gz = 6158700000;

(*value functionw)
vl[k, z, gz, grthgz, t, alpha, p, n]

16312.3 @ 0-00342663¢ (—9.07476><10’8 (6.00354x 101 @0-0083t 1 1 84946x 101t 0-025%) 4

0.330547 0.330547 4

3.80062 (eo-oogl“ (e0-0t0a878 %) (8.79897 (e 0-0104874%)

0.741141, 0.5
@ 0-0385154 (8 79897 + 182.444 (e 00209747t 0- 77430 ) ) )

(#*Integral of Value Function-Social Welfarex)
NIntegrate[vl[k, z, gz, grthgz, t, alpha, p, n], {t, 0, 1000000}]
~1.998768770281984x10%%7°

(#Capital per workersx)

pkl[k, z, gz, grthgz, t, alpha, p, n]

(278 35 00547668 ¢ (e’0'0104874 £ O.33o547> /

- 0.425664 _ 0.330547 _ 0.330547
((E 0.0209747t> (e0.008l5t ((E 0.0104874t) (879897 ((E 0.0lO4874t) +

0.741141, 0-5
©0.0385154 ¢ (—8.79897+182.444 (efO.O2O9747t)0-574336>> )

(8.79897

(efO.OlO4874t)O-33O547 + @ 00385154 ¢ (—8.79897 +182.444 (670.020974%)0-574336))0‘258859)

ack = NIntegrate[pk[k, z, gz, grthgz, t, alpha, p, n], {t, 0, 1000000}]

399.146

(* n Populationx)
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pn[k, z, gz, grthgz, t, alpha, p, n]
e 000320638 (—9.07476>< 107% (6.00354x 10" e %-99%3% 4+ 1.84946x 10" 2 92°F) +
3.80062 (eo.ooswt (e—0.0104874t)0‘330547 (8.79897 (e—0.0104874t)0‘330547 .
@ 0-0385154F (_g.79897 + 182.444 (e’0-0209747t>0.574336>)O~741141)0'5)

acn = NIntegrate[pn[k, z, gz, grthgz, t, alpha, p, n], {t, 0, 1000000}]

~1.225310419422398x10%37°

(*accounting price for alphax)
palphalk, z, gz, grthgz, t, alpha, p, n]
(18492.2@0'00472337t (6—0.0104874t)0'330547 (8.79897 (e—0.0104874t)0'330547 +

0.741141
@ 0-0385154¢ (879897 + 182.444 (e 0-0209747¢) 0-77430) ) )/

_ 0.330547 _ 0.330547
(60'00815t ((E 0.0104874t) (8.79897 ((E 0.0104874t) +

0.741141, 0-5
@-0.0385154 ¢ (—8.79897+ 182.444 (e’0'0209747t)0'574336)) )

acalpha = NIntegrate[palpha[k, z, gz, grthgz, t, alpha, p, n], {t, 0, 1000000}]

2.0088x107
(#accounting price for zx)
PZ[k, z, gz, grthgz, t, alpha: P, n]

8584 .05 e—0.00342663t

(2.67639 000815t (0-0104874¢) 0330547 g 996015 e 0-0385154 ¢

0.726015 (70-01048748) 0330547} ) /(g 79597 (e0-010487a¢) O30T,

0.258859
@ 0-0389154¢ (g 79897 4 182.444 (e 0-0209747¢) 0-FTEI0Y ) .

1
0.669453
(6—0.0104874 t)

0.741141
@-0-0385154 ¢ (—8.79897+182.444 (e’0'0209747t)0‘574336>) )))/

(0.297963 @0-00233737¢ (8.79897 (6—0.0104874‘:)0-330547 .

- 0.330547 _ 0.330547
e0.00815t <e 0.01048741:) (8.79897 <e 0.01048741:) +

0.741141, 0-5
e 0-0385154¢ (g 79897 +182.444 (e’0'0209747t)0’574336>) )

acz = NIntegrate[pz[k, z, gz, grthgz, t, alpha, p, n], {t, 0, 1000000}]
4.34173x10°
(#accounting price for gzx)

pgz[k, z, gz, grthgz, t, alpha, p, n]

-0.00148031 e 009342693 (_30.03e™%9% % + 30.03 - 9?°F)
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acpgz = NIntegrate[pgz [k, z, gz, grthgz, t, alpha, p, n], {t, 0, 1000000}]

~-3.245439411372504x 10°3%?

(*# accounting price for pollution stockx)

pplk, z, gz, grthgz, t, alpha, p, n]

-0.00148031 e 0-0117266¢

acp = NIntegrate[pp[k, z, gz, grthgz, t, alpha, p, n], {t, 0, 1000000}]

-0.126235

(*time derivative of the value functionx)

ack

399.146

acn

-1.225310419422398x 10375

acalpha

2.0088x10’

acz

4.34173x10°

acpgz

~-3.245439411372504x 10°3%?

acp

-0.126235

growthalpha = 0.00815; growthn = 0.026573374; growthp = 0.02198545696425092;
growthz = -0.002464966; growthk = 0.012155219;

General::spelll :
Possible spelling error: new symbol name "growthp" is similar to existing symbol "growthn". More...

General::spell : Possible spelling error: new symbol
name "growthz" is similar to existing symbols {growthn, growthp}. MoOre..

General::spell : Possible spelling error: new symbol
name "growthk" is similar to existing symbols {growthn, growthp, growthz}. More...

vdot = (ack/n) * (growthk + growthn) + (acn * growthn) / k +
acalpha x growthalpha *x (alpha/nx*k) + aczxgrowthz* (z/nx*k) + acp*growthp* (p/n=*k)

-3.764837559764863x 107367



PART II: Total Factor Productivity Growth
and Environmental Externalities
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5. Introduction

The sources of growth is an issue of particular importance in economics
which has received considerable attention during the history of economic
science. Omne of the most popular and successful ways of summarizing the
contribution of each factor of production to output growth is the growth
accounting framework introduced by Solow. Growth accounting leads to
the well known concept of the Solow residual, which measures total factor
productivity growth (TFPG), which is growth not attributed to the use of
factors of production but in general to technical change that can include apart
from labor augmenting technical change also emissions augmenting technical
change, energy augmenting technical change etc.

A strong positive TFPG has been regarded as a desirable characteristic
of the growth process. The traditional growth accounting framework, at-
tributes growth to factors of production and TFPG is what remains from
output growth after the contribution of the factors used to produce output
is subtracted. This contribution is measured by the ‘value’ of the factor used
which is reflected in the factor’s share in output. To obtain this share, the
cost of using the factor as it is determined in a market economy is used.

However, what if a factor is used in the production process but its cost
is not accounted for in a market economy? That is, what if an unpaid factor
is contributing to growth? This question is far from hypothetical since it
has been understood in the recent decades that the growth process is using
environment as a factor of production. In general, environment is used for
depositing by-products of the production process, the most striking example
being the emission of green house gasses which have been closely associated
by scientific research with global warming and climate change phenomena!!!.
The use of the environment is however equivalent with the use of an unpaid
factor, in the absence of internalization of the use of the environment due to
lack environmental policy. If however environment is an unpaid factor, which
contributes to growth, then at least part of what we think is TFPG, is the
unaccounted contribution of the environment. So positive TFPG estimates
that would suggest a ‘healthy’ growth process might be the unaccounted
contribution of the environment. When this contribution is accounted, TFPG
might not be as strong and the growth process might not be as ‘healthy’ as we
think, since the unpaid factor is excessive and inefficiently used. For example

11 The IPCC Report, European Commission Report 2006, The Stern Report.
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a negative TFPG after the contribution of the environment is accounted for,
would imply in broad terms that the ‘value‘ of the factors we use exceeds
the ‘value’ of what we produce by these factors. Such a growth process
is clearly not sustainable by any definition. Analyzing the contribution of
unpaid factors in the growth process could have potentially significant policy
implications. Given the fact that certain economies are characterized recently
by large growth rates, one might want to examine whether unpaid factors
are contributing to this growth, to what extend and what kind of policy is
required in order to internalize the cost of these factors and thus use them
efficiently. This might produce sustainable growth processes.

Thus, the second part of this dissertation analyzes extensively this matter
that acquires particular importance today and examines whether the use of
the environment, proxied by C'Os emissions and by the use of energy as an
input in the production process, can contribute to output growth in a group
of developed and a group of developing countries.

More analytically, in chapter 6 entitled as: "Total Factor Productivity
Growth and the Environment: A Case for Green Growth Accounting", we
examine whether the use of the environment, proxied by C'Oy emissions,
as a factor of production contributes, in addition to conventional factors of
production to output growth, and thus it should be accounted for in to-
tal factor productivity growth (TFPG) measurement and deducted from the
‘residual’. A theoretical framework of growth accounting methodology with
environment as a factor of production which is unpaid in the absence of
environmental policy is developed. Using data from a panel of 23 OECD
countries, we show that emissions’ growth have a statistically significant con-
tribution to the growth of output, that emission augmenting technical change
is present along with labor augmenting technical change and that part of out-
put growth which is traditionally attributed to technical change should be
attributed to the use of the environment as a not fully compensated factor
of production. Our results point towards the need for developing a concept
of "Green Growth Accounting".

In chapter 7 of the second part of this dissertation entitled: "Green" Total
Factor Productivity Growth in Developing Countries, we further extend and
analyze the idea of "Green Total Factor Productivity Growth" which consists
of the decomposition of total output to the factors that constitute it with the
inclusion of natural capital as an input in the production process in a context
of a group of developing countries. We develop a theoretical framework of
growth accounting methodology with environment as a factor of production
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which is unpaid in the absence of environmental policy and apply our model
in a panel of 21 non-OECD countries. Our results show that emissions’
growth have a statistically significant contribution to the growth of output
per worker and emission augmenting technical change is present along with
labor augmenting technical change.

In chapter 8 entitled: "Total Factor Productivity Growth with External-
ity Generating Inputs", we examine whether energy, as an input in the pro-
duction process, contributes along with conventional inputs to output growth
and changes Total Factor Productivity Growth (TFPG) measurements. Af-
ter developing our theoretical framework by introducing the environment - in
the form of energy - as an input in production, which is partially paid in the
absence of environmental policy, we apply our model in a panel of 23 OECD
countries and observe how TFPG measurements change when the unpaid
part of energy, that is the C'Oy emission’s part, becomes fully compensated
by the introduction of an environmental tax on CO, emissions. Our results
indicate that when the inputs used in production are "fully" paid, there is
no technical change present to drive output growth.

6. Total Factor Productivity Growth and

the Environment: A Case for Green Growth
ccounting

6.1 Introduction

Growth Accounting is the empirical methodology that allows for the
breakdown of output growth into its sources which are the factors of produc-
tion and technological progress, and provides estimates of the contribution
of each source in output growth. The concept of total factor productivity
growth (TFPG) which is central in growth accounting, measures the part of
output growth which is attributed to technological progress, and which cor-
responds to the part of output growth not ‘accounted for’ by factors of pro-
duction such as capital or labour. Growth accounting still remains a central
concept in growth theory, although there are still conceptual disputes about
the subject, and Easterly and Levine (2001) state that "economists need to
provide much more shape and substance to the amorphous term TFP". In
this paper we try to provide some additional "shape" by considering the use
of environment as a source of growth.
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It was Solow in the late 1950’s, (Solow, 1957) who provided an explicit
integration of economic theory into the growth accounting calculations,'!?
which imply decomposing total output growth and measuring the contribu-
tion to growth of specific factors, including that of technological progress.
During the last decades many different approaches have been used to mea-
sure TFPG, which include dual approaches using mainly factor prices instead
of factor quantities, and approaches which basically involve disaggregations
and refinement of inputs in the production function.!!?

In the early 1970’s, a new dimension was given to the theory of economic
growth with the introduction into growth models of environmental damages
created by emissions. This new dimension which has generated a large volume
of literature on "Growth and the Environment"!''*, implies a new way of
looking at TFPG measurement. Brock (1973) stated that "received growth
theory is biased because it neglects to take into account the pollution costs
of economic growth". This is because in an unregulated market the cost
of pollution is not internalized. Pollution in this case is an unpaid factor of
production, with production becoming more costly if less pollution is allowed.
In this context environment is used as a factor of production which is not
fully compensated, and its use in the production process can be captured by
introducing emissions as an input in an aggregate production function.!?

Following this methodological approach, the idea developed in this part
of the thesis is that when emissions are introduced as an input in the pro-
duction process and are properly measured, the contribution from the use of
environment in total output growth can also be measured. This contribution
can be approximated even when emissions is an unpaid factor in the absence
of environmental policy. In this sense, emissions can determine, along with
other inputs and technological progress output growth in a growth account-

112Gee the historical note by Griliches (1996).

H3See for example, Barro (1999), Barro and Sala-i-Martin (2005).

14Gee for example Aghion and Howitt (1998) or surveys such as: Brock and Taylor
(2005), Xepapadeas (2005).

I15Tn this context, the production function has been specified to include the flow of
emissions as an input and some times, productivity enhancing environmental quality as
a stock variable. This formulation has been used frequently in the theoretical analysis of
growth and the environment. In addition to Brock (1973), see for example, Becker (1982),
Tahvonen and Kuluvainen (1993), Bovenberg and Smulders (1995), Smulders and Gradus
(1996), Mohtadi (1996), Xepapadeas (2005), Brock and Taylor (2005). See also Considine
and Larson (2006) for the treatment of environment as a factor of production at the firm
level.
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ing framework. Therefore, the present paper can be regarded as an attempt
to explore systematically whether the use of the environment as an input in
production contributes to output growth, and how this contribution can be
measured.'0 117

We develop a growth accounting framework for measuring TFP growth
by approximating the use of the environment by carbon dioxide (C'O3) emis-
sions. We argue that environment such as the atmosphere can be regarded
as a component of social overhead capital (Uzawa, 2003), and that CO,
emissions can be thought of as a reduction of this social capital - a form of
disinvestment. Thus, we use C'O, emissions as a proxy for the use of this
component of social capital in the production process.!''®. Our purpose is to
examine the contribution of C'Oy emissions’ growth, as a proxy for the use
of environment, on economic growth and to show that since external pol-
lution costs which are created during the production process are not taken
into account in the measurement of total factor productivity growth, the cur-
rent measurements of TFP growth, or the Solow "residual", could provide
biased results. Our basic hypothesis, which has been tested empirically, is
that environment is basically an unpaid source of output growth. If this
source is not taken into account into the growth accounting framework, then
output growth which should be attributed to the use of the environment will
be incorrectly attributed to TFPG. Furthermore, if emissions saving tech-
nical change is present this could be another source of growth in addition
to the conventional labor augmented technical change. This hypothesis is
tested empirically in this paper by using data from a panel of 23 OECD
countries.!?

16Tt is important to note that the approach we choose to follow is an aggregate macro-
economic approach that belongs to the Solow tradition of measuring TFP growth from a
macroeconomic perspective. This is not the same as TFPG measurement at the micro-level
where TFPG is usually measured with the use of distance functions and linear program-
ming approaches. (See for instance, Pitman (1983), Fare, et all, (1989, 1993).

"TIn a recent paper Jeon and Sickles (2004) analyze productivity growth using the di-
rectional distance function method and treating CO, emissions as a undesirable output.
Although they analyze a different time period, some of their results for OECD countries
could be comparable to our own.

18Strictly speaking C'Oy emissions is not a pollutant but we treat them as such because
of their close relation to climate change and the implied environmental damages. See for
example the recent Stern Report (2006).

119The 23 countries used in our analysis are the following: Canada, U.S.A, Austria, Bel-
gium, Denmark, Finland, France, Greece, Italy, Portugal, Spain, Sweden, Switzerland,
U.K., Japan, Iceland, Ireland, Netherlands, Norway, Australia, Mexico, Turkey, Luxem-

89



Our theoretical and empirical analysis seems to suggest that the "unpaid"-
due to absence of taxation - environmental factor, proxied by C'Oy emissions
could be a source of growth, and an important component in the growth ac-
counting methodology, supporting the case of a "Green Growth Accounting"
approach. We feel that this type of analysis could be important, because
if the use of the environment is a source of growth, as our results seem to
suggest, but environment is used as an unpaid factor, environmental dam-
ages remain ‘unpaid’. By being ‘unpaid‘ or not ‘fully paid’ however, they are
not kept at a ‘socially optimal level’ during the growth process and this fact
might eventually erode the sustainability of the growth process itself.!?’

Emissions of C'O;y could be related to energy use and energy could have
been regarded as an input in the production function with C'O, emissions
as a by product. In the absence of a carbon tax for a given period there
still exist an unpaid factor since the full cost of energy - private and social
(environmental) - is not fully paid by private markets, and this is a source
of potential bias for TFPG measurement. In this paper we choose to use
emissions as the ‘environmental input’ and not energy in order to provide a
more direct link between and environment, since C'O, emissions are related
to climate change.?!

The rest of the paper is structured as follows. Chapter 6.2 is a descrip-
tive chapter that provides some stylized facts related to emissions growth
and output growth in per worker terms. Chapter 6.3 develops the growth
accounting framework and interprets emissions’ share in output in the con-
text of optimal growth and competitive market equilibrium. Since in general

bourg.

120Tn recent papers, Chimeli and Braden (2005) explore the relationship between total
factor productivity (TFP) and the Environmental Kuznets Curve, while Kalaitzidakis et
al (2006) try to determine an empirical relationship where measured TFP, when capital
and labor are used as inputs in the production function, is the dependent variable, and
CO4 emissions are treated as an independent variable. Their results suggest the existence
of such a relationship. Our approach differs basically because we provide a net TFPG
estimate after all the factors used, including 'uncompensated’ environment, have been
accounted for. It also allows for the possibility of a ‘negative residual’ if the cost of using
the environment is properly accounted and output growth is not sufficient to cover the
true social cost of all inputs used, which will be a strong sign of unsustainable growth.

121The long term relationship between energy and COs emissions in USA has been re-
cently explored by Tol et al. (2006). If a stable relationship exits for a given period,
then results based on C'O5 emissions can be expressed in terms of energy by appropriate
conversion factors.
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we don’t have taxation for the emissions of C'O5 and therefore the ‘environ-
ment’s share’ is not included in National Accounts, estimating TFPG, as it is
the most common approach, using data on input shares might provide biased
estimates. We try to solve this problem at the empirical level in chapters 6.4
and 6.5 by: (i) equating the emission’s share in total output with the share
of environmental damages in total output, using independent estimates for
CO, damages, and (ii) by estimating directly the emission’s share from an
aggregate production function where C'Oy emissions is an input along with
labor and capital. Estimation results suggest that the use of the environment
seems to be a statistically significant factor in explaining output growth. This
can be interpreted as an indication that the TFPG measurements that do
not take the environmental factor into account might be biased in estimating
the contribution of technological progress. Our results indicate furthermore,
that labor augmenting technological progress, is not the only factor that con-
stitutes the ‘true residual’ but ‘emission augmenting technical change’ might
also be present. The last chapter concludes.

6.2 co,Emissions and Growth: Some Descriptive Re-
sults

This chapter provides some stylized facts regarding possible links between
the growth of C'O, emissions and output growth for a group of 23 OECD
economies'?2.

Figure 1, shows gross domestic product (GDP) in per worker terms (GDP /W)
for a group of 21 OECD countries'??, relative to the GDP/W in the USA.!*
The years we compare are 1965 and 1990 and it seems that the countries
analyzed managed to reduce the growth "distance" from USA in GDP per
worker terms and increased their GDP/W from 1965 to 1990, both in ab-
solute terms and relative to the USA.

Figure 1

1220ur data are taken from the Penn Tables v5.6. Real GDP measured in thousands of
USS$ is the variable (RGDPCH), multiplied by the variable POP in the Penn Tables. Cap-
ital stock and employment are retrieved from Real GDP and capital per worker (KAPW)
and real GDP per worker (RGDPW). All values are measured in 1985 international
prices. COy data are taken from the World Bank and are measured in thousand tons of
CO5 emissions.

123, uxembourg, has been excluded for presentation purposes.

124USA is used as a benchmark country, so that USA=1.
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Figure 2 that follows, makes the same comparisons using emissions of C'O,
per worker (CO2/W) for the years 1965 and 1990 respectively. It can be
noticed that for some countries (6 out of 21),'% CO,/W was reduced during
these years, while for the rest (15 out of 21)'?°, C'O, emissions per worker
increased.

Figure 2

Figure 3, shows C'O, emissions per unit of GDP (CO,/GDP) for the years
1965 and 1990. USA is taken as the benchmark country again and the
comparisons show that for the majority of countries COy (13 out of 21) 27
emissions per unit of GDP increased whereas in the rest (8 out of 21)'?8
emissions per unit of GDP decreased.

Figure 3

In figure 4, the vertical axis measures the average annual growth of GDP
per worker and the horizontal axis the corresponding growth of C'O, per
worker between 1965 and 1990. Each point of the scatter diagram repre-
sents one of the 23 countries we analyze. There is on the average a positive
relationship between the two variables, suggesting that countries with high
growth of C'Oy per worker can be associated with a high growth of GDP per
worker. This can be regarded as an indication that the growth of C'O, per
worker contributes to the growth of GDP per worker.

figure 4

Figure 5, shows on the horizontal axis GDP per worker relative to the GDP
per worker in USA at 1965, and on the vertical axis the average growth of
CO4 per worker for the examined period. Countries with GDP per worker
close to the USA GDP per worker in 1965 (which is normalized to 1) had
relatively low growth rates of C'O, per worker. On the other hand, countries
that were ‘far’ (below) in GDP per worker relative to the USA in 1965, show a
relatively high rate of growth of CO, per worker. An attempt to explain this

125The countries are: Belgium, Denmark, France, Sweden, UK and Iceland.

126The countries are the following: Canada, Austria, Finland, Greece, Italy, Portugal,
Spain, Switzerland, Japan, Ireland, Netherlands, Norway, Australia, Mexico, Turkey.

127The countries are: Austria, Finland, Greece, Italy, Portugal, Spain, Switzerland, Ire-
land, Netherlands, Norway, Australia, Mexico, Turkey.

128 These countries are: Canada, Belgium, Denmark, France, Sweden, UK, Japan and
Iceland.
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would be to say that countries with low GDP per worker in 1965 relatively
to the USA, were developing relatively fast and during their development
processes emitted relatively more carbon dioxide per worker, probably due
to the use of ‘dirtier’ technologies and not sufficiently strong emissions saving
technical change.
figure b

These descriptive data seem to provide some indications that the growth
of C'Oy emissions per worker is positively related to the growth of output
per worker. This could imply that the use of the environment is a factor
that influences the output growth of an economy, and as such it should be
taken into account into growth accounting calculations. In the following we
are trying to develop a theoretical and empirical framework for testing this
hypothesis.

6.3 Primal Growth Accounting with Environmental
Considerations

We state first the traditional Solow’s residual under environmental con-
siderations. Let,

Y=F(K,F)=F(K,AL) (102)
where Y is aggregate output, K is physical capital, E = AL is effective
labour, with L being labour input and A reflecting labour augmenting (Har-

rod neutral) technical change. The ‘Solow residual’ is defined (e.g. Romer
1999, Barro and Sala-i-Martin 2004) as:

A Y K L
ol Fn(l) () o

where six and s; are the shares of capital and labor in output, with two
factors receiving their competitive rewards. Under constant returns of scale,
sr, + sk = 1, and we have:

A j k
gs = SL (Z) = % —SKY (104)

where /1 is the rate of growth of output per worker (y = Y/L) and k/k is the
rate of growth of capital per worker (k = K/L)!'%. The rate of the exogenous

129 Ag is the convention in this literature lower case letters denote per worker quantities.
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labor augmenting technical change z = A /A can be directly determined by
(104)

By following ideas appeared in Denison (1962), Dasgupta and Méler
(2000), Xepapadeas (2005) which relate environment to growth accounting,
we define a standard neoclassical production function that includes human
capital and emissions as an input of production and we use it to determine
a growth accounting equation. Let

Y =F(K,H,E,X) (105)

where in addition to K and E, H is human capital, X = BZ is effective
input of emissions, with Z being emissions in physical units and B reflecting
emission saving technical change, or input augmenting technical change.

Differentiating (105) with respect to time, and denoting by €;, j = K, H, L, Z
the elasticity of output with respect to inputs, the basic growth accounting
equation is obtained as:

§ = €K (%) +ey (%) +e€r, (%) +er, <%) +ez (g) +€z (g) (106)

Equation (106) says that the growth rate of GDP can be decomposed into
the growth rate of manufactured capital, human capital, physical labor, emis-
sions in physical units and technical change. To transform equation (106)
into a growth accounting equation in factors shares, we use as before, profit
maximization in a competitive market set up. We assume that physical and
human capital receive there rental rates Rx and Ry, labor receives wage w
and emission are taxed at a rate 7 > 0, since they create external damages.
Thus, profits for the representative firm are defined as:

NI=F(KHEX)— RxkK—-RygH —-wL—1717 (107)
with associated first-order conditions for profit maximization:
or oF or oF
ok ~ T o = ppt=op =V (108)
oF oF

Denoting by s;,j = K, H, L, Z the factors’ shares in total output, then under
profit maximization the basic growth accounting equation is obtained as:

Y K a A L B Z
v =K <E) +SH (E) +sL (Z) +SL (Z) t5z <§> tsz (E) (110)
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where: sk = %,SH = %,SL = wTL,SZ = %

If we assume that investment in physical and human capital is carried out
up to the point where marginal products in each type of capital (physical
and human capital) are equated in equilibrium,'®® (see for example Barro

and Sala-i-Martin 2004), we have:

L (111)
SK

Substituting (111) into (110) we obtain:

v K A L B 211
v = SKH iid + sz, 1 + sz, 7 + sz B + Sz 7 (112)
Skg = Sk +Sg (113)

Thus, the Solow residual augmented with human capital and emissions can
be defined as:

) ) ) ()

or by using the assumption of equality of marginal products between physical
and human capital as:

Y = SL (%) + Sz (g) = § — SKH (%) — SL (%) — Sz (%) (115)

Under constant returns to scale (114) and (115) become:

g k h 3
= S —Sg— —Sg— — Sz— 116
Y " SKk SHh Szz ( )
= y — k— : (117)
Y= Y SKHk SZZ

By comparing the new definitions for TFPG, (114)-(115) or (116)-(117)
with (103) or (104), it can be seen that the new definitions include the term

130This assumption has been used to justify relatively high estimates of capital’s share
in empirical growth equations.
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Sz (Z /Z ) . This indicates that there is one more source generating output
growth in addition to capital and labour, namely emissions, along with the
term sy (B / B) which reflect emission augmenting (input saving) technical

change in addition to the standard labour augmenting technical change. In
order to obtain a "net" estimate of TFPG the environment’s contribution
should be properly accounted. In the context of our analysis (115) - (117) can
be regarded as the Green Growth Accounting equations. In order however to
provide a meaningful definition of the TFPG when environment is an input,
there is a need to clarify what is meant by the share of emissions in output,
especially since when it comes to empirical estimations there might be data
sets where 7 = 0, that is emissions are untaxed and we have one unpaid input
in the production function.

6.4 Interpreting the Emissions’ Share in Growth Ac-
counting

The Social Planner

To interpret the emissions share even when no environmental taxation
is present (7 = 0), we consider the problem of a social planner seeking to
optimize a felicity functional defined over consumption and environmental
damages and to determine an optimal emission tax, optimal in the sense that
if firms pay this tax on their emissions they will emit the socially desirable
levels of emissions. An optimal tax would internalize the externalities that
the emissions create during the production process.

We assume that emissions (flow variable), accumulate into the ambient
environment and that the evolution of the emission stock S, is described by
the first order differential equation:

S(t)=2Z(t)—mS(t), S(0)=Sy,m >0 (118)

where m reflects the environment’s self cleaning capacity'*!. The stock of
emissions generate damages according to a strictly increasing and convex
damage function D (S), D' > 0,D" > 0.

Assume that utility for the "average person" is defined by U (¢ (t),S (1))
where ¢ (t) is consumption per capita, ¢ (t) = C (t) /N (t), with N (¢) being

131We use a very simple pollution accumulation process which has been often used to
model global warming. The inclusion of environmental feedbacks and nonlinearities which
represent more realistic situations will not change the basic results.
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population. We assume as usual that U, (¢, S) > 0, Us (¢, S) < 0 Ugs (¢, S) <
0, that U is concave in c¢ for fixed S, and finally that U is homogeneous
in (¢,S). Then social utility at time ¢ is defined as N (t) U (¢ (t),S (1)) =
Noe™U (c(t), S (t)) where n is the exogenous population growth rate and N
can be normalized to one. The objective for the social planner is to choose
consumption and emission paths to maximize:

max / e~ (¢, S) dt (119)
{e(®),2®)} Jo
where, p > 0 is the utility discount rate, subject to the dynamics of the
capital stock and the pollution stock (118). The capital stock dynamics
can be described in the following way. Assume a constant returns to scale
Cobb-Douglas specification for the production function (105):

Y = K H% (AL)* (BZ)® (120)

Expressing output in per worker terms we obtain:

Y (K\™ [(H\"® (AL\" (BZ\™
L~ \1 L L L » O
y — ectkalhazz(m’ C:$a3+a4(b_n>

where labor augmenting technical change grows at the constant rate z, input
(emission) augmenting technical change grows at a constant rate b, labor
grows at the population rate n, and h = % Assuming equality of depreciation
rates and equality of marginal products between manufactured and human
capital in equilibrium, the social planner’s problem can be written as:'3?

max / e U (¢,9)dt (121)
{e®),2®)} Jo
¢
w = p—n—(1-0)¢, f:m
subject to:

ot (k2)—e—mriroh  f(kz)=siz (122
S$=Z—mS (123)

132For the derivation see Appendix.
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where " indicate variables in efficiency units (see Appendix). The current
value Hamiltonian for this problem is:

H=U(E8)+p|f(k2Z)—e=(+o+ O +A(Z-mS)  (124)

and the optimality conditions implied by the maximum principle are:

Us (,5) =p, Uss (2,5) ¢+ Uss (2,8) $ = p (125)
pfz (l%, Z) =-AorZ=gyg (/2:, )\,p) (126)
p= (p+5+6’§—fk (/%,Z))por (127)
gzé[f,; (l%,g(/%,A,Ué(a,S)))—p—(s—ge]—gis (128)
A= (w+m)\—Us(¢5) (129)

The system of (128), (129) along with (122) and (123), form a dynamic
system, which along with the appropriate transversality conditions at in-
finity (Arrow and Kurz 1970) characterizes the socially optimal paths of
(é,l%,A,S, Z).

Let the value function of the problem be defined as:

J (Ko, So) = max/ e U (¢, 9) dt (130)
0

then it holds that (Arrow and Kurz 1970):

oJ
550 = At) <0 (131)
Thus the costate variable A can be interpreted as the shadow cost of the
pollution stock. By comparing (126) with (109) and noting (131) it is clear
that if a time dependent tax 7 (t) = —A (¢) /p (t) is chosen, then firms will
choose the socially optimal amount of emissions as input.
Then the emission’s share can be written as:

szzzzw,ﬁz—:f (132)



where from (132) A can be interpreted as the shadow cost of the pollution
stock in terms of marginal utility. Thus the share of emissions in output coin-
cides, under optimal environmental taxation, with the share of environmental
damages in total output. It can be further shown that under the emission tax
7(t) = A(t) competitive equilibrium will coincide with the social planners
solution.

Competitive Equilibrium
The representative consumer considers the stock of pollution as exogenous
and chooses consumption to maximize lifetime utility, or:

max / e~ P (¢, S) dt (133)
c(t 0

subject to the budget flow constraint:
G=w+ra—c—na+7z (134)

where a is per capita assets, w, r the competitive wage rate and interest rate
respectively and 7z are per capita transfers due to environmental taxation,
z=Z/L.

The representative firm maximizes profits given by (107), where by as-
suming that physical capital, human capital and loans are perfect substitutes
as stores of value we have r = R — 6 = Ry — 0.

In equilibrium a = k£ + h. Then the following proposition can be stated:
—A)
p(t)
the paths (é ), k(t),St),Z (t)) of a decentralized competitive equilibrium
133

Proposition 2 Under optimal environmental tazation, that is T (t) =

coincide with the socially-optimal paths.
For proof see Appendix.

6.5 TFPG Measurement Issues

As shown above, under optimal taxation the time paths for consumption,
capital and pollution at the social optimum coincide with the corresponding
optimal paths in a decentralized competitive equilibrium. Our basic problem

1331t can be shown that a similar result holds if we define the model in terms of energy,
and there is a simple proportional relationship between energy and emissions.
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in measurement is that usually in practice we don’t have taxation (optimal or
not) for CO, emissions, so we need an estimate of damages as a proxy for tax-
ation. The only clear case where C'O, emissions have a cost for those emitting
can be found in the recently created European emission trading scheme. This
however is a very recent development and our data set corresponds to the "no
regulation" case. Furthermore, since we don’t have taxation on emissions and
therefore the share of emission taxes are not included in National Accounts,
estimating TFPG using data from National Accounts, might provide biased
estimates since the share of emissions damages is ignored.

TFP growth estimation involves, most of the times, a direct implementa-
tion of growth accounting equations such as (103) using data for Y, K, L, sk, sz
There is a difficulty however, as indicated above, if we want to include emis-
sions in the equation. Theory suggests that sy is emission damages as a
share of GDP. If optimal taxation is applied then sz is can be measured as a
share of GDP. If however emissions are not taxed, that is environment as an
unpaid factor of production, then we need an independent estimate of mar-
ginal emission damages. In the absence of such estimate, the implementation
of growth accounting equation like (114) or (115) using data on Y, K, L, Z,
Sk, SL, S» is not possible. Thus, the presence of the environment as an input
in the production function and the absence of emission taxation make the
non econometric estimations which is usually followed, problematic. In this
case, direct adjustments using independent estimates of emission damages,
or econometric estimation could be used.

6.6 Direct Adjustment using Marginal Damage Cost
Estimates of Carbon Dioxide Emissions

In the absence of environmental policy, but if independent marginal dam-
age cost estimates of COy (MDCCO,) emissions exist, then adjusted TFPG
estimates can be obtained using:

A1 7 7 Z
gds = 3ds — Sz (E) (135)

which can be derived directly from (116) or (117), where g% is the estimate of

Z

the traditional Solow residual in country i, 5) “the growth of C'O, emissions,
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and s%, is the share of COy emissions in GDP defined as

Si — pzZzt
2t GDPZt

(136)

Since, in the absence of optimal taxation, the share of emissions cannot
be obtained from tax data, we use our theoretical result that under optimal
taxation the emissions’ share in GDP should be equal to the share of damages
from carbon dioxide in GDP. Thus, with p, a proxy for MDCCOs, (136) can
be obtained by using existing MDCC'O; estimates (e.g. Tol 2005).

6.7 Econometric Estimation

In this case the measurement of TFP growth is based on an aggregate
production function which includes C'Oy emissions as an input. This can be
regarded as a more appropriate way to estimate input shares and the share
of C'Oy emissions which is an unpaid factor in the production process, since
it’s share in GDP cannot be measured by existing data in the absence of C'O,
emission taxes. An additional advantage of econometric estimation is that of
direct testing the statistical significance of emissions growth as a determinant
of output growth.

Using the Cobb-Douglas specification (120), we obtain under constant
returns the loglinear specification:'3*

4
Iny = ag+ (zag + bay)t +a;Ink +aslnh+aglnz | Zai =1 (137)
=1

Equation (137) provides estimates of input elasticities. To have a meaningful
interpretation of these elasticities as factors’ shares in the absence of optimal
environmental policy, we need to consider the choice of emissions in the
context of the constraint optimization problem:

maxIl = F(K,H,AL,BZ)— RxkK — RyH —wL (138)
subject to Z < Z

134Tn the empirical analysis we use as proxy for H, an index constructed as H; =
exp(¢ (€;¢)). Where €j; is average years in education in country ¢ at year ¢, and ¢ is a piece-
wise linear function with zero intercept and slope 0.134 for ¢;; < 4, 0.101 for 4 < ¢j; <8,
and 0.068 for €;; > 8.(seec Hall and Jones (1999); Henderson and Russel (2005)). Data on
education were obtained from the World Bank, World Development Indicators (2002).
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The upper bound on emissions could reflect technical constraints associated
with production technologies or emissions. For example, even without C'O,
taxation, general environmental policies on air pollutants (SOy, NO, ) might
introduce technological responses or capacity constraints which eventually
generate upper bounds for CO, emissions. Associating the Lagrangian mul-
tiplier ;1 with the constraint Z < Z the first order condition for the optimal
input choices, including emission choice, which correspond to (138) are:

oF oF or oF
-7 = Bk, O_H:RH’ 9L "W oy T H

0K
by the envelope theorem p is the shadow cost of emissions Z, and measures
the response of maximum profits to changes in the upper bound Z. This
shadow cost should be distinguished from the shadow cost of the pollution
stock, defined in (131), that measures the response of maximum welfare to a
change in the stock of pollutants, the stock of C'Oy in our case.
Thus in the absence of environmental policy the share of the unpaid factor
in equilibrium is defined as;
 FzZ uZ

= =_ 1
Sz % % ( 39)

In general this share will be different from the correct share (—S\Z) /Y,

unless Z is set at the level corresponding to the social welfare maximization
path for the emissions’ flow, in which case u = \. This however, is not the
case for the period under investigation.

Therefore the elasticities obtained from the production function can be
interpreted as shares associated with the constraint optimization problem
(138) but not with the social welfare optimization problem (121). This has
certain implications for the interpretation of any estimation results.

Given an estimate of 55, the shadow value of emissions can be obtained
as 1 = $7 (Y/Z) where Y/Z is the observed ouput-emissions ratio. This not
however the ‘social shadow cost’ of pollution since this ‘social shadow cost’ is
A, which is based on a social welfare function that incorporates environmental
damages.'?

135 There is a subtle point here associated with the shadow cost of pollutants obtained by
productivity studies using mainly micro-data, where emissions or undesirable outputs are
included and distance functions or linear programming methodologies are used for esti-
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In the growth accounting exercise the contribution of C'O; emissions on
output growth using elasticities estimated from an aggregate production func-
tion, in the absence of C'O, related environmental policy, can be interpreted
in terms of emissions contributions under the existing technological con-
straints, and not as the ’true’ contribution, when environment is properly
valued by the welfare cost of using it. On the other hand this is a useful
measure since it provides an indication of the impact on aggregate output,
from introducing an environmental policy that restricts emissions.

Actually, since in the absence of a C'O, policy it is expected that emissions
constrained only by technological restrictions would be high'®¢, relative to the
case where the socially optimal regulation is followed, the estimate of u is
expected to be low relative to .

In this context elasticities can be interpreted as shares, and we can set:

a1 = Sg,0 = Si,04 = Sz (140)

By comparing (137) with (114), TFPG can be obtained by estimating
xaz + a4b. In this case TFPG is approximated by the contribution of labor
augmented technical change and emissions augmented technical change.

There are several ways to further specify the production function.

e With a4 # 0, by imposing in (137) a; = 0, we obtain a production
function with emissions but without human capital, or

Iny = (zas +asb)t +a;Ink+aylnz (141)

e With a4 # 0, as = 0 and by using, instead of the labour (L) in physical
units, the quality adjusted labor input defined as L, = LH we have:

Iny, = (xaz + asb) t + a1 Inky, + agln 2, (142)

where all variables are measures in per ‘quality adjusted’ worker terms.

mation purposes. The shadow cost estimates reflect the impact on the objective function
associated with emissions, but they do not reflect damages due to emissions. So although
these estimates are appropriate for studying the impact of sectoral environmental policies
on firms profits or costs, they do not reflect the welfare cost of using the environment,
especially if environmental policy is not well defined, or is not present during the sample
period.

136We have unregulated profit maximization in this case.
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e Imposing a, # 0 and the assumption of equality of marginal products
between human and physical capital, we obtain:

Iny = (zag + asb) t + (a1 + az) Ink + asln 2 (143)

It is clear that for ay, = 0 we have the traditional aggregate production
function without emissions as an input.

Each of the production function specifications (141), (142),(143) with the
elasticities interpreted as shares by (140), can be associated with a growth
accounting equation. Specification (137), which is the most general has as a
counterpart the growth accounting equation:

Y k h 5

= = — - - 144
Y ’}/‘i‘SKk—FSHh—i-SZZ ( )
v = zag+ asb (145)

The counterparts of (141), (142) can be easily obtained by imposing appro-
priate restrictions on elasticities.

Using (137) or (144), TFPG can be estimated econometrically, either
from the trend term zaz + a4b of (137) or the constant term 7 of (144).
Alternatively, using the estimated shares Sk, $,$7 from (137) and average
growth rates of output and inputs per worker, TFPG can be calculated from
(144) as:

AN AT

=1=)- - - — 146

1= (3)-(3) -+ () e
The corresponding measures for the other specifications follow directly.

6.8 Green TFPG Estimates

In this chapter we provide TFP growth estimates within the framework
developed in the previous section by using: (i) independent estimates of
MDCCO,, and (ii) estimates obtained from econometric estimation.

6.9 Direct Adjustment of TFPG Estimates

We adjust previous estimates of TFPG using estimates of MDCC O, and
growth of C'O, emissions. Tol (2005) reports 103 such estimates gathered by
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28 published studies. In order to cover the range of MDCC'O, estimates, we
calculate the emission’s share (136) using three point estimates for MDCCOs,
pz = ($20/tC,$93/tC, $350/tC) . The results are shown in table 1.

Table 1

In table 1, the second column presents traditional TFPG (TTFPG) esti-
mates for 1960-1995 reported in Barro and Sala-i-Martin (2004), the third
column shows the corresponding average annual growth of C'O, emissions,
and columns 4-12 show the emission’s share in GDP, the ‘green’ TFPG es-
timates (GTFPG) and the proportional deviation between the TTFPG and
the GTFPG estimates, for the three point estimates of MDCCO,. It can be
noticed that for countries like Canada, USA, Italy and Japan, for which C'O,
emissions grow during the relevant period, total factor productivity growth
is overestimated by TTFP relative to GTFPG. The average overestimation
ranges from around 4.5% when MDCCO; is $20/tC, to 80% when MDCCO,
is $350/tC.137 This means that when the cost of using the environment is
taken into account a certain proportion of what was thought as the contri-
bution of technical change to output growth, is actually the contribution of
environment, which was the uncompensated factor because of suboptimal
environmental policy. In France where the growth of C'O, emissions is very
small the effect from accounting for the the use of the environment is also
very small. For the UK where C'O, emissions declined during the period
under investigation, TTFPG estimates underestimated total factor produc-
tivity growth. This is because the recorded output growth corresponds to
a decline in the use of the uncompensated factor, therefore there is a larger
contribution of technical change to output growth relative to what is cap-
tured by TTFPG estimates. So our results suggest that when emissions grow
during a given period and policy is not optimal a part of what is interpreted
as growth due to technical progress should be attributed to the use of the
environment as a factor of production. Negative TFPG estimates in this con-
text could be interpreted as implying that the ‘unpaid factor’ environment,
outweights, as a source of growth, technical change.

6.10 Econometric Estimation of TFPG

137The closest observable proxy for CO, ‘price’ is the recent carbon dioxide allowance
price in the European Union. For the period March 2005-May 2006, this average price
was $26.22 per metric ton, with a maximum of $37 and a minimum of $11.5.
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Following the analysis in chapter 6.7 we estimate the following models:
Production Function FEquations

PF1 lny = (xaz+bag)t+a;lnk+aylnh+aglnz
PF2 Iny = (xaz+ asb)t +a;lnk+ aslnz (147)
PF3 lnyh:(xa3+a4b)t+a11nkh+a4lnzh

Growth Accounting Equations

GAl %Z’}/—i‘(ll%—i‘ag%—}-cué
GA2 §:7+a1£ + ay* (148)
GA3 Z—::7+a1’;—z+a4j—z

There is a clear correspondence between PF'1 — PF'3 and GAl — GA3. Re-
garding the estimation of the production function and the growth accounting
equations the following observations are in order:

e Estimation of the growth accounting (GA) equations represent esti-
mations of the corresponding production functions in first differences,
since we use the approximation #/z = Inx; — Inz;_;. Thus the GA
estimation could address problems associated with the stationarity of
the variables in levels.

e The estimation of the production function (PF) models represents es-
timation of a primal model, that might suffer from endogeneity asso-
ciated with inputs, implying inconsistency of direct estimators of the
production function. However as it has been shown by Mundlak (1996,
proposition 3), under constant returns to scale, OLS estimates of a k-
input Cobb-Douglas production function, in average productivity form,
with regressors in inputs-labour ratio, are consistent. This type of pro-
duction function is exactly what we have in PF1-PF3.

e To estimate the PF or the GA models we adopt a panel estimation
approach with ‘fixed effects’ to allow for unobservable ‘country effects’
(e.g. Islam (1995). As shown by Mundlak (1996) this estimator ap-
plied to the primal problem is superior to the dual estimator which is
applied to the dual functions. Furthermore the ‘fixed effects’ estima-
tor addresses the problem of correlation between the constant term -+,
which is the TFPG estimator in the GA models, with the regressors.!?®

138 This correlation has been regarded as one of the disadvantages of the regression ap-
proach in TFPG measurement (Barro 1999, Barro and Sala-i-Martin 2004).
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e GA models can provide individual country TFPG estimates through
the ‘fixed effects’ estimator. They are not however capable of iden-
tifying separately the contributions of labour augmenting and input
augmenting technical change. Separate identification of the effect of
the two possible sources of technical change is possible in the PF con-
text. It should be noticed first that if both sources of technical change
are modeled with the traditional way via a simple time trend, it is
impossible to separate these two distinct effects using a single-stage
estimation procedure. From PF1-PF3, it is evident that the parame-
ters as and a4 cannot all be identified using a single-stage estimation
procedure due to the linear dependency among some of the right-hand
side variables and the resulting singularity of the variance-covariance
matrix. At most either as or a4 can be identified implying respec-
tively no technical change in conventional or damage abatement inputs
(Kumbhakar, Heshmati and Hjalmarsson, 1997)'3.

An alternative model capable to overcome the aforementioned identifi-
cation problem can be applied by altering the specification of technical
change in the production function. More specifically, it is possible to
separate these effects by employing Baltagi and Griffin (1988) general
index to model technical change in conventional inputs and traditional
simple time-trend to account for changes in the productivity of damage
abatement input (Karagiannis et al., 2002). In particular relation PF'1
may take the form!4:

Iny;, = (t+A({t)+arlnky +aslnhy + aqln zy

T
Aty = ) (bas), Dy
¢ = 1;13

139Hypothetically the Cobb-Douglas production function in relations (148) can be es-
timated including only the technical change in conventional inputs under a fixed or a
random effects formulation and then in a second-stage individual country effects can be
regressed separately against time to identify the technical change in damage abatement
inputs. However, this consists only an artificial way to separate these two effects and
in general is unsatisfactory solution to aforementioned identification problem. Moreover,
in econometric grounds, arguments related to the efficiency of the estimated parameters
surely apply compared to a single-stage estimation procedure.

140Relations (PF2) and (PF3) can be adjusted accordingly.
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v and D; is a time dummy for year ¢. All the relevant parameters in
the above relation can be identified by imposing the restriction that
as initially was suggested by Baltagi and Griffin (1988). The above
specification, apart of enabling the identification of the two technical
change effects is flexible as A(t) is not constrained to obey any func-
tional form, it is capable of describing complex and sometime erratic
patterns of technical change consisting of rapid bursts of rapid changes
and periods of stagnation, which might be relevant when we study the
emission, that is, the input augmenting technical change.

All different specifications PF and G A were estimated using weighted
least squares (WLS) in order to take into account both cross-section
heteroscedasticity and contemporaneous correlation among countries
in the sample. The estimation is carried out in two steps. In the
first step the model is estimated via simple OLS. Using the obtained
residuals the conditional country specific variance is calculated and it
is used to transform both the dependent and independent variables of
the second-stage regression. Specifically for each country, y; and each
element of z; (independent variables) are divided by the estimate of
the conditional standard deviation obtained from the first-stage. Then
a simple OLS is performed to the transformed observations expressed
as deviations of their means. This results in a feasible generalized least
square estimator described by Wooldridge ( 2000, Ch. 8) and Greene
(2003, Ch. 11)

Tables 2a, 2b show estimates of the shares s, s, s, for models PF1—PF'3
and GA1 — G A3 respectively'!.

Table 2a

Table 2b

The estimates of the input shares from the PF estimation, suggest a value for
capital’s share between 32% and 49.6%, a share for CO, emissions between
7.8% and 3.3% and a share for education in the only equation which is used

141 PF models were also estimated by using as regressors the original regressors lagged,
one period, and by instrumental variables estimation using as instruments the original
regressors lagged one period. There was no substantial change in the results.
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as a proxy for human capital, of 4.3%.'*2> When we use the GA equations, the
share of capital goes down by approximately 10% while the share of emis-
sions goes up to around 15%. The higher value of the capital share both
in PF and GA estimations occur in the equation where labor input is ad-
justed for education with the use of the variable L, = LH. In all estimations
where labour is measured in physical units, the sum of capital’s share and
emissions’ share is between 35% and 39%., an estimate within the expected
range. The estimates for the C'Oy share in all estimated regressions, with
the interpretation given in (139), are highly significant and in a sense this
suggests a significant contribution of C'Oy emissions in output. This result
seems to justify empirically the introduction of emissions as an input in the
production function. Furthermore, by using (139), we can obtain the shadow
cost of emissions as, u = 5, (Y/Z). Using the average values for GDP and
COs for the 23 OECD countries, the average shadow value of emissions p
for the sample period is between 32% and 76$ per ton of CO,. This value,
which reflects the private costs in terms of profits related to C'O, emissions,
should be contrasted with the value of A that reflects the social cost of the
accumulated CO,.

Table 3a, provides overall average estimates of labor augmenting technical
change z, emission augmenting technical change b, and estimates of average
TFPG obtained as zas + bay. For the models that includes human capital
(approximated by years of education) or does not include human capital at
all, average TFPG is around 1%. When we use quality adjusted labor as
input, the TFPG estimate drops to 0.4%. It should be noticed here, that
our methodology allows to distinguish between two different types of tech-
nical change and identifies positive emissions augmenting technology. This

142 Capital’s share increases and emissions’ share decreases as we move from a model
where labour is measured in physical units, to a model where labour is measured in ‘qual-
ity adjusted terms’ as Ly, = LH. This can be explained in the context of an argument put
forward by Griliches (1957) for a Cobb-Douglas production function. Consider the two
production functions, disregarding technical change to simplify notation, Y = Kb Lb2 Zbs
and Y = K (HL)" Z% and the ‘auxiliary’ equation H = KP1LP2ZP3_If the true pro-
duction function is the one where labour is measured in ‘quality adjusted terms’, then
input elasticities will be €; = a1 + pras, €2 = as + paas, €3 = az + pzas. If there is a
positive relationship between labour quality and capital, since higher quality of labor in-
creases the marginal productivity of capital, and a negative relationship between labour
quality and emissions (because higher quality of labor could imply high-tech and relatively
clean production process), then p; > 0 and p3 < 0, and capital’s elasticity increases, while
emissions elasticity decreases when we use quality adjusted labour input.
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result can be also regarded as an empirical verification for introducing input
augmenting technical change in the production function, through the term
X = BZ.

Table 3a

Table 3b provides individual country TFPG estimates from the GA mod-
els. The estimates are obtained by adding to the overall constant of each
regression the estimate of individual country fixed effect.

Table 3b

As shown in table 3b the average TFPG estimates are very close to the
estimates obtained from the production function in table 3a.

Table 4 uses the growth accounting equations (146) and the estimated
shares from the production function to obtain TFPG estimates for individual
countries.

Table 4

It should be noticed that the average estimates of TFPG in table 4,, are
very close to those obtained directly from the regressions using was + bay,
and the GA estimates This can be regarded as providing a confirmation of
the robustness of our estimations. Negative estimates of TFPG correspond
to the case where we use quality adjusted labor as input. These numbers
seem to suggest that for these specific countries, the contribution of physical
capital, capital quality adjusted labor and emissions to output per worker
growth, exceeds the growth of output per worker.

6.11 Concluding Remarks

This part of the thesis aimed at formulating a new approach to Total
Factor Productivity Growth measurement methodology, at a macroeconomic
level, which would take into account the use of environment in the traditional
TFPG measurement. We approximate the use of environment by C'Oy emis-
sions. Our contribution at the theoretical level lies in deriving growth ac-
counting equations with the input space of the aggregate production function
augmented to include emissions and emission augmenting technical change,
and interpreting the emissions share in output, in the context of a comple-
tive equilibrium under optimal taxation, as well as in the contrasting case
where emissions is an unpaid factor, that is when emissions are not taxed. At
the empirical level we provide (i) adjustments of existing TFPG estimates
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when C'O, damages are taken into account, (ii) direct estimates of TFPG
from an aggregate production function, and (iii) decomposition of technical
change to labour augmenting and emissions augmenting technical change.
Our approach can be regarded as a Green TFPG measurement methodology.

Our results suggest that when emissions grow, that is environment is used
in production, traditional estimates overestimate TFPG relative to our esti-
mates, by attributing part of environment’s contribution to output growth,
to technical change. The opposite happens when emissions decline, that is,
when there are savings of environment as a factor of production, then tra-
ditional estimates underestimate TFPG. The size of deviation depends on
size of damage estimates of C'Oy emissions. Direct econometric estimation
of TFPG, suggests an average TFPG which for the period 1965-1990 and for
the countries under examination is around 1%, or less. It also suggests that
emissions in the form of CO, is a statistically significant input in the ag-
gregate production function and that emission augmenting technical change
coexist with labour augmenting technical change. This implies that the use
of the environment approximated by C'Oy emissions, which is an unpaid fac-
tor, contributes to the growth of output along with physical capital, human
capital, and labour, and its contribution should be accounted for in TFPG
measurements. It should be also noted that the environment’s contribution
we estimated through the production function analysis might underestimate
or overestimate the "socially optimal contribution", which is associated with
an optimal tax determined by marginal environmental damages along the op-
timal path. If marginal damages are relatively high the socially optimal use
of the environment in the growth process, should be relatively small, while
the opposite holds for low marginal damages. If, in the absence of optimal
environmental policy, this contribution is sizable, and our results suggest
that the C'O, emissions contribution is statistically significant with a share
in output which could be as high as 14%, then excess use of the environment
as an input might question the eventual sustainability of the current growth
process. For example if, after solving the social planner’s problem, we have
an estimate of A\, the true shadow value of the C'O,, and calculate emissions’

share, sz as <—5\Z ) /Y, then the growth accounting equation (?7?) might pro-
duce a negative result. This result can be interpreted as an indication that

total use of resources, including the "unpaid" environment properly valued,
exceeds the output growth generated by these resources. In this case devel-
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opment that uses "unpaid" factors may be considered as not sustainable.!*?
This observation provides a link between direct adjustments and econometric
estimations, which approach the problem from different directions. The two
approaches will coincide only along a socially optimal path.

Areas of future research include TFPG estimates by approximating envi-
ronment’s use not just by C'Oy emissions, but by a more general index that
will include additional environmental variables; introduction of stock vari-
ables into the aggregate production function; use of our production function
estimates along with damage functions for C'Os to solve the social planners
problem and define the structure and the parameters of the corresponding
value functions; reformulating, at a more general level, some of the recent
empirical approaches to growth to take into account possible unpaid and
damage generating factors of production. We hope that this approach will
enhance growth empirics by incorporating the environmental dimension in a
meaningful way.

143 Along the socially-optimal path the use of the "unpaid" factor the environment, will
be determined by its true social shadow cost.
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Appendix

Derivation of the Social Planner’s Problem

Capital accumulation in per worker terms, assuming that the two capital
goods depreciate at the same constant rate (Barro and Sala-i-Martin, 2004),
is given by:

k+h=y—c—(n+0)(k-+h) (149)
Define in efficiency units k& = kef'.and h = he®t, ¢ = ée¥ so that ko=
ke€t + ket and h = hett + €hett. Substituting k and h in (149) we obtain:
ket + 5/2:6@ + hebt + ﬂAlegt = ect(l%egt)al (lALe@)“2 7% — ¢t — (n+9) (/%egt + ilegt)
dividing by e
k+h = ¢ (ectl%aleft‘“ fz”e“ﬁZ‘“) —e—(+5+8&(k+h), or
k+h = el-stamétadijapa o o (n 454 ) (k+ h)

to make the above equation time independent we choose & such that ( — & +

@€ +as =0 or § = b = zeotealon)
bt h=kuheze e (n+o+e)(k+h) (150)

Assuming as above that the allocation between physical and human capital
is such that the marginal products for each type of capital are equated in

equilibrium if we use both forms of investment, we have that'#}:
alg—(S:ag%— (151)
Ky hy

The equality between marginal products implies a one to one relationship
between physical and human capital, or:

h==k h=-k (152)

144Thig substitution is convenient since by adopting it we do not need a seperate state
equation for human capital. It does not however affect the basic results of this section
regarding the interpretation of the emissions share in output.
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Using (152) in (150) we obtain:

. . a2 .
Y- <@k> 7% —¢—(n+06+¢) (k+@k;)

ay a1 a1

k= APz —e—(n+6+ &)k, (153)
as’ay
f— _— 5 pr— +
(aiu (a1+@2)> = mta

Considering a utility function U (¢, S) = ﬁcl_eS_7 0,~v > 0 we obtain
using the substitution ¢ = ée®’.

[ ey 1 V170 o
U(C,S) = mc S 7:m(065) ST = (154)
1

— ell-0)et

© 1o
Using (119), (154), (118), and (153) the social planners problem can be
written as (121) W
Proof of Proposition 1:. Consumers: Defining the current value Hamil-
tonian for the representative consumer as:

e85 = =08ty (¢, 9)

H=U(S)+7m(w+ra—c+na+72) (155)
standard optimality conditions imply:
Uc(c,S) = 7, Upl(e,S)e+Us =7 (156)
T = (p—r)mor (157)
c 1 Us -
- =3 (r—p)— 0. S (158)

Firms:The profit function for the firm can be written in per worker terms,
using the Cobb-Douglas specification and setting k = kef, h = hef, and
(—&{ta§+af=0¢{=(—af—afas

NI=F(K,HEX)— RxkK—RyH—wL—71Z (159)
or
1 (t1.a1 1,02 r7a
7 = e kMh? 7% — Rk — Ryh —w — 72
II IS . .
7 = Sk h2 7% — Rk — Ryh —w — 72
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% = et [f (/%, h, Z) — Rick — Rygh — we ™8 — rze‘ft] , 2= % (160)

In equilibrium firms take Ry, Ry, w, and 7 as given and maximize for any
given level | = Left by setting:

T =

fi=Rg=r+6 (161)
fi=Ru=r+6 (162)
fZ: % jfZlA:7'7 (163)

1 Z - 7 T
— e D et [ = et = —. 164
fZ TLG y % L’ €, € ’fZ i (6)

el [f (l%,ﬁ, Z) — f,;l% — f;jz — (fo> ze_ﬂ =w (165)

The wage w equals the marginal value of labor and ensures that profits are
zero in equilibrium, since by substituting (161)-(165) into (160) we obtain:

f (/%, h, Z) — Rik — Ryh — €& [f (l%, fL, Z) — f,;l% — f;fb — Tze_ft] e ¢t — rze ¢
f (k h, Z) —fh—fh—f (k h, Z) + file+ fih+ (fzi) zeét (fzi) zeé
Equilibrium: In equilibrium a = £+ h so a = k+h , then the flow budget

constraint :
a=w+ra—c—na+71z (166)

can be written as:
k+h=w+r(k+h)—c—n(k+h)+r2 (167)

Setting as before k = ke and h = he', ¢ = ¢e®!, and taking the time
derivatives of k£ and h we obtain:

ket + & ket + hett + £ heft =
w+r (/%eﬁt + ﬁegt) ) (/%egt + ﬁe§t> + 72 (168)

substituting (161)-(165) into (167), and using in equilibrium r = f; — ¢ =
fi =0, fzl =7, 1 = Leéf* we obtain:

l;{:egt + f/%egt + ;Left + 5?16& =
[ (b1 2) = fi = fih = (f20) 2e7€] 4 (= 0) he! +
(f; — 0) het — et —n (/%egt + /Azegt> + <fzi) 2 (169)
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Dividing by €& we obtain under the Cobb-Douglas assumption:

k+h=k"hezm —¢—(n+6+&)(k+h) (170)

Using as above the assumption that in equilibrium the allocation between
physical and human capital is such that the marginal products for each type
of capital are equated if we use both forms of investment, we have as before

alg—i —= agg—i —b6and h = Z—fl% ho= Z—fl% Then (170) becomes
l%zf(l%,Z)—é—(n+5+§)l%, f(/%,Z)zsfll%BZ“‘* (171)

which is the social planners transition equation.

Setting ¢ = ¢et! and ¢ = £cett + ce€t into (158) and using (161) we obtain

Uss ¢
S 172
L (172

4l 0:2)-0-s-0 -

[e NN

Under optimal taxation we have from the social planner’s problem that
fz (/%,Z) = —\p =17, with p = U;(¢,9), then Z = g <l§:,/\,p> . Substi-

tuting Z into the equation above and into (118) we obtain

(ko (k) -] - 5

(12;, A) —mS (174)

S, (173)

U ol oy

1
0
g

The dynamic system (171), (173) and (174) determines the evolution of
<é, l%, S ) in a decentralized competitive equilibrium under optimal emission

taxation. By comparing them with (122), (128), (129) it is clear that the
path of the decentralized competitive equilibrium under optimal emission
taxation coincides with the socially optimal path. =
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Figure 1: GDP per worker in 1965 and 1990 (USA=1)
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Tablel- Direct adjustments of traditional THFPG estimates

Colum (2): Traditional THPG estimates. Source: Barro and Sala-i-Martin (2004)
Colum (3): Average annual growth of CO, ernissions
Colums (4,7,10): Emissions share in GDP using the corresponding MDCCO, estimate.

Columrs (5,8,11): Green THPG estimates

Colunrs (6,9,12): Proportional deviation between traditional THFHPG and GTHPG estimates.

Counries Trad. TFPG | GrowthCO, MDCCO;, MDCCO, MDCCO,
(%) (%) $20/tC $93/tC $350/tC
Siz GIFPG % Dev. Siz GIFPG % Dev. Siz GIFPG % Dev.
@ ) 3 ) %0 (5) ®) ) (%) (6) ©)) 10 | (% 11) 12)
CANADA 0.57 2.12 0.0241 0.52 -9.01 |0.1123 0.33 —41.9 | 0.4226 -0.33 —157
USA 0.76 1.32 0.0266 0.72 —4.62 | 0.1237 0.60 -21.5 | 0.4657 0.14 -80.9
FRANCE 13 0.04 0.0146 1.30 -0.05 | 0.0679 1.30 -0.22 | 0.2556 1.29 -0.84
ITALY 1.53 2.97 0.0128 1.49 —-2.50 | 0.0597 135 —11.6 | 0.2248 0.86 —43.7
UK 0.8 -0.35 0.0213 0.81 0.94 | 0.0991 0.83 4.39 |0.3729 0.93 16.5
JAPAN 2.65 4.07 0.0156 2.59 —2.39 | 0.0724 2.35 —11.1 | 0.2724 154 —41.9



Table2a— Production Function Estimation for the three PF models

PF1 PFE?2 PF3
c —0.25711 | —0.20460 | —0.08791
a; = s, | 0.32199 0.32597 0.49580
as =5, | 0.07603 0.07774 0.03294
az = s, | 0.04256 — —
bay 0.002059 | 0.002064 | 0.0028012
xras 0.009169 | 0.008611 | 0.000593
R? 0.99 0.99 0.99
DW 2.00875 2.02950 2.00932

All coefficients are significant at 1% level

Table2b— Growth Accounting Estimation for the three GA models*

GAl GA2 GA3
a; = s | 0.21494 | 0.21485 | 0.44633
as = s, | 0.14407 | 0.14448 | 0.15488
as = sy, | 0.02405 — —
R? 0.89 0.89 0.97
DW | 2.05828 | 2.05849 | 2.06371

All coefficients are significant at 1% level

(*) We do not report the constant term since the overall constant plus
the fixed effect estimator for each county defines the TFPG for this country.

These estimates are reported in table 3b.
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Table 3a:— TFPG and technical change estimates using the production
function

Tas bay T b TFPG
PF1 | 0.00917 | 0.00206 | 0.01639 | 0.02708 | 0.01122
PF2|0.00861 | 0.00206 | 0.01444 | 0.02656 | 0.01067
PF3 | 0.00059 | 0.00280 | 0.00126 | 0.08504 | 0.00339

Table 3b: TFPG estimates using the growth accounting equations

Countries GAl GA2 GA3
CANADA 0.009825 | 0.009452 | —0.00057
U.S.A. 0.005149 | 0.004922 | —0.003864
AUSTRIA 0.011807 | 0.011726 | —0.00208
BELGIUM 0.017204 | 0.01691 | 0.01179
DENMARK 0.007932 | 0.007759 | —0.000514
FINLAND 0.017121 | 0.016993 | 0.007033
FRANCE 0.014472 | 0.014404 | 0.002705
GREECE 0.014883 | 0.015025 | —0.001442
ITALY 0.018542 | 0.018566 | 0.007159
LUXEMBOURG | 0.021252 | 0.021199 | 0.013261
PORTUGAL 0.023597 | 0.023525 | 0.009182
SPAIN 0.010792 | 0.010754 | —0.00578
SWEDEN 0.009019 | 0.00885 | 0.000109
SWITZERLAND | 0.005414 | 0.005204 | —0.002261
UK 0.01332 | 0.013055 | 0.007811
JAPAN 0.023158 | 0.022758 | 0.007299
ICELAND 0.011533 | 0.010966 | 0.002536
IRELAND 0.022938 | 0.022673 | 0.013404
NETHERLANDS | 0.010253 | 0.00991 | 0.003105
NORW AY 0.018458 | 0.018253 | 0.01395
AUSTRALIA 0.007183 | 0.006713 | 0.000304
MEXICO 0.005397 | 0.004921 | —0.006345
TURKEY 0.014218 | 0.013845 | 0.000786
AVERAGES 0.013629 | 0.013408 | 0.003373
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Table 4: TFPG calculations using factor shares estimates from the pro-
duction function

Countries PF1 PF?2 PF3
CANADA 0.00657 | 0.005774 | —0.002668
U.S.A. 0.00221 | 0.001713 | —0.006308
AUSTRIA 0.00659 | 0.006204 | —0.003676
BELGIUM 0.01329 | 0.012640 | 0.009634
DENMARK 0.00399 | 0.003563 | —0.003396
FINLAND 0.01424 | 0.013842 | 0.0070440
FRANCE 0.00959 | 0.009315 | —0.000681
GREECE 0.01306 | 0.013059 | 0.001541
ITALY 0.01589 | 0.015753 | 0.007459
LUXEMBOURG | 0.01761 | 0.017429 | 0.009761
PORTUGAL 0.02146 | 0.021091 | 0.011636
SPAIN 0.00682 | 0.006479 | —0.004975
SWEDEN 0.00356 | 0.003142 | —0.004999
SWITZERLAND | 0.00230 | 0.001786 | —0.003274
UK 0.00931 | 0.008716 | 0.005570
JAPAN 0.01724 | 0.016188 | 0.007519
ICELAND 0.00705 | 0.005885 | —0.000350
IRELAND 0.01981 | 0.019137 | 0.013902
NETHERLANDS | 0.00739 | 0.006656 | 0.001841
NORW AY 0.01816 | 0.017760 | 0.013792
AUSTRALIA 0.00578 | 0.004844 | 0.000414
MEXICO 0.00441 | 0.003427 | —0.00555
TURKFEY 0.01253 | 0.011634 | 0.00356
Averages 0.010385 | 0.0098277 | 0.002513
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7. Green Growth Accounting in Developing
Countries

7.1 Introduction

One of the basic issues of economic growth is to discover the factors which
are the drivers of output growth and provide useful insights for the character-
istics of a sustainable growth process. In this framework, developing countries
are the countries that have the most urgent need of adopting policies that
will provide them the basic directions towards a long run economic growth
in the 21st century where environmental consciousness is among the main
points of global interest. The need for a sustainable development process, is
the goal to be attained not only by the developed but also by the develop-
ing countries. United Nations World Conservation Strategy, the Report of
the World Commission on Environment and Development also known as the
Brundtland Report'*?, Agenda 21, the Kyoto Protocol, the Stern Report,
are some of the well documented reports which suggest that environmen-
tal degradation on the name of development cannot be a solution anymore.
When these concepts and arguments are applied to growth accounting they
could suggest that the traditional growth accounting measurements might be
a misleading indicator of growth especially for developing countries. That is
because one of the production factors that create growth, the environment, is
not properly accounted in growth accounting measurements and this might
lead to incorrect TFPG results for these countries. Based on this idea, the
analysis of chapter 7 has two basic aims. The first, is to provide a well defined
theoretical framework for measuring TFPG by including the use of the envi-
ronment as an input in the production process for a group of 21 developing
countries.'*® The second is to provide measurement results of the "Green"
TFPG (GTFPG) for those countries and comparisons with prior estimates
of other studies.

We follow the theoretical model of chapter 6 where the structure of the
TFPG model is augmented with the input "environment". By considering

145United Nations (1987)

146The 21 Developing countries used in our analysis are the following: Peru, Thailand,
Paraguay, Morocco, Dominican Republic, Guatemala, Honduras, Jamaica, Bolivia, Colom-
bia, Ecuador, Iran, Srilanka, Syria, Yugoslavia, India, Kenya, Madagascar, Malawi, Sierra
Leone, Zimbabwe.
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Carbon Dioxide (C'O;) emissions as a proxy for the use of this unpaid envi-
ronmental factor, the environment (a place where the negative externalities
of the production process are deposited) is introduced in our model as an
input in the production function and is considered as a source of growth.
In other words, we treat the environment as a sort of social-natural capi-
tal which is an unpaid source of growth!?” that has been omitted from the
current traditional growth accounting measurements.

This idea is then tested empirically for a group of 21 developing countries
and our results suggests that the environment can be considered as an extra
unpaid (due to the lack of environmental policy) source of growth for devel-
oping countries. In our model, emission’s augmented technical change is also
present along with labor augmented technical change. This way we assume
the existence of some kind of "abatement" in the production process along
with labor productivity. We believe that this kind of analysis addresses the
problem of environmental degradation in an effective way because it high-
lights the contribution of the environment in total output growth and reflects
the use of CO, emissions as an environmental proxy in the aggregate output
production. If the environment as a factor of production, had a price'*®, then
it would be less exploited due to the positive cost of its use and this would
lead to a much more efficient use of this factor and would change the growth
accounting measurement results.

Based on this idea, we graphically describe the relationship between emis-
sions growth and output growth in per worker terms for the group of the 21
developing countries in the next chapter 7.2. In chapter 7.3 we develop the
"Green" TFPG model and provide the measurements of Green TFPG using
two approaches. Independent estimates for C'O, damages and also econo-
metric estimation of a growth accounting equation and a production function
equation (chapters 7.4.1, 7.4.2). The results encourage our belief of an extra
factor of production, the environment. The last chapter concludes.

7.2 Emissions-Output Growth in Developing Coun-
tries

This chapter attempts to illustrate graphically the link between the growth
of C'O, emissions and the growth of the final output in a data set of the 21

147Unpaid in the sense that there is no optimal environmental policy for emissions.
148The price of the factor of production environment could be a tax on the emissions
released in the ambient environment
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developing countries!*®, 159, The figures that follow reveal a relationship be-
tween the environment proxied by C'O, emissions and the growth of the final
output in these countries. The years compared are 1965 and 1990. Figure 1,
shows the level of gross domestic product in per worker terms (GDP/W) for
the group of the 21 developing countries. We observe an increase in gross do-
mestic product per worker from year 1965 compared to the year 1990 for 16 of
the countries'! and a reduction in GDP/W for only 5 developing countries.

Figure 1

Figure 2 that follows shows emissions of C'Oy per worker (COy /W) for the
years 1965 and 1990 respectively for the same group of countries. It can be
noticed that in some cases (5 out of 21),%2 CO,/W was decreased during
these years, while for the rest (16 out of 21)'3 CO, emissions per worker
increased. Almost the same result is also confirmed in Figure 3 that follows,
which represents C'O, emissions per unit of GDP (COy/GDP) for the years
1965 and 1990. As figure 2 shows, for the majority of the developing countries
(16 out of 21)'* CO, emissions per unit of GDP increased by comparing
year 1965 to 1990, whereas in the rest countries, emissions per unit of GDP
decreased!?®.

Figure 2
Figure 3

149Peru, Thailand, Paraguay, Morocco, Dominican Republic, Guatemala, Honduras, Ja-
maica, Bolivia, Colombia, Ecuador, Iran, Srilanka, Syria, Yugoslavia, India, Kenya, Mada-
gascar, Malawi, Sierra Leone, Zimbabwe.

1500ur data are taken from the Penn Tables v5.6. Real GDP measured in thousands of
USS$ is the variable (RGDPCH), multiplied by the variable POP in the Penn Tables. Cap-
ital stock and employment are retrieved from Real GDP and capital per worker (KAPW)
and real GDP per worker (RGDPW). All values are measured in 1985 international
prices. C Oy data are taken from the World Bank and are measured in thousand tons of
CO> emissions.

151The 16 developing countries whose GDP/W in 1990 had increased compared to 1965
are: Thailand, Paraguay, Morocco, Dominican Republic, Guatemala, Honduras, Bolivia,
Colombia, Ecuador, Srilanka, Syria, Yugoslavia, India, Kenya, Malawi, Zimbabwe.

152Peru, Srilanka, Kenya, Malawi, Sierra Leone.

153 Thailand, Paraguay, Morocco, Dominican Republic, Guatemala, Honduras, Jamaica,
Bolivia, Colombia, Ecuador, Iran, Syria, Yugoslavia, India, Madagascar, Zimbabwe

154Pery, Thailand, Paraguay, Morocco, Dominican Republic, Guatemala, Honduras, Ja-
maica, Bolivia, Ecuador, Iran, Syria, Yugoslavia, India,Madagascar, Zimbabwe

155These countries are: Colombia, Srilanka, Kenya, Malawi, Sierra Leone.
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Figure 4, represents on the vertical axis the average growth of GDP per
worker (GDP/W) and in the horizontal axis the growth of C'O per worker (COy/W)
for the years 1965 and 1990. Each point of the scatter diagram represents one

of the 21 countries. There is on the average a positive relationship between

the two variables, suggesting that countries with high growth of C'O, per
worker can be associated with a high growth of GDP per worker. This can

be regarded as an indication that the growth of C'Os per worker contributes

to the growth of GDP per worker.

figure 4

The last six figures (5, 6, 7, 8, 9, 10) depict the evolution of GDP/W and
CO5 /W for the years 1965-1990 for Peru, Iran, Syria, India, Yugoslavia and
Zimbabwe respectively. These figures represent peculiar patterns. GDP per
worker and emissions per worker is upward sloping only for Syria, India
and Yugoslavia. (figures 7, 8, 9). Peru, Iran and Zimbabwe follow on the
average, an inverted U shape both for GDP/Wand CO,/W (figures 5, 6,
10).

figures 5, 6, 7, 8 9, 10

The descriptive data, provide us with some indications that the growth of
CO, emissions per worker seem to be positively related to the growth of
output per worker. This could imply that the use of the environment is
a factor that influences the output growth of an economy, and as such it
should be taken into account into growth accounting measurements. We
next develop a theoretical and empirical framework for testing this hypothesis
which, provides a "green" perspective to TFPG measurement.

7.3 "Green" TFPG - The Model

Following the analysis of chapter 6.3, we use a standard neoclassical pro-
duction function that includes emissions as an input of production'®® but not
human capital®®:

156We follow the idea appeared in Denison (1962), Dasgupta and Miler (2000), Xepa-
padeas (2005) which relate environment to growth accounting. Our model does not include
human capital due to the lack of data for the countries analyzed.

15"We do not include human capital because of lack of appropriate data for the developing
countries during the examined period.
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Y = F(K,E,X) (175)

where K is physical capital, £ = AL is effective labour, with L being labour
in physical units and A reflecting labor augmenting technical change and
X = BZ is effective input of emissions, with Z being emissions in physical
units and B reflecting emission saving technical change, or input augmenting
technical change.

Defining the factor shares in a competitive equilibrium market set up, the
"green" residual is defined as follows:

B ) Fn ()4 (8) o

The term sy (B /B ) in (176) reflects emission augmenting technical change in
addition to the standard labour augmenting technical change s, (A/A), while

the term sy (Z /Z ) indicates that there is an extra source generating output
growth apart from capital and labour, namely emissions. More specifically,
Sz (Z /Z ) reflects the contribution of the environment to output growth that

we believe it should be properly accounted and could be regarded a "Green"
contribution to total output growth.!s.
Under constant returns to scale (176) becomes:
- =7 + Sg— + Sz—
Y k z
We next try to clarify the interpretation of the share of emissions in
output, since emissions is an unpaid factor in production because there is no
environmental policy. In order to effectively interpret the emissions’ share in
"Green" TFPG even when no environmental taxation is present (7 = 0), we
consider the problem of a social planner who optimizes a felicity functional
defined over consumption and environmental damages and we determine an
optimal emission tax'® 7 > 0, that would internalize the externalities that

1581Tn the conventional formulation for the estimation of TFP growth the definition of the
production function does not include emissions so that sz = 0.

1590ptimal in the sense that if firms pay this tax on their emissions they will emit the
socially desirable levels of emissions.
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the production process creates. Then, the share of emissions can written as:

-3)z o

SZ:£:_< N P (177)
where ) can be interpreted as the shadow cost of the pollution stock in terms
of marginal utility Us. Thus the share of emissions in output coincides, under
optimal environmental taxation, with the share of environmental damages in
total output. It can be further shown that under the emission tax 7 (£) = A (¢)
competitive equilibrium will coincide with the social planners solution!¢".

7.4 "Green" TFPG Measurements

The environmental factor which is used as an input in the production
function in our model is in practice an unpaid production factor since there
is no taxation for C'O, emissions for the period analyzed. When we start
considering the environment as a source of growth we need to determine a
cost for it’s use. A proxy for the cost of the use of the environment is the
marginal CO, emission damages. We choose to measure our "green" TFPG
using: 1) Two direct adjustments based on: i) Independent estimates of
the emission damages on share of GDP taken from the World Bank!%! | ii)
Measurements of the marginal damage cost estimates of COy (MDCCOs)
by using existing MDCCO, estimates from Tol (2005). 2) Estimates of the
share of C'O, emissions by using econometric methods, a methodology which
has the advantage of testing the statistical significance of emissions growth
as a determinant of output growth.

7.4.1) Direct Adjustments: Theoretical Formulation
and Empirical Results

i) Estimates of the emission shares using World Bank estimates

The "Green" residual, in the absence of environmental policy can be
measured by using independent estimates of C'O; damages. We use the
estimates of carbon dioxide damages as proportion of GDP provided by the
World Bank!6? and adjust previous estimates of TFPG using data on CO,

160For the solution see Tzouvelekas, Vouvaki and Xepapadeas, (2006).

161'World Bank (2001)

162 Toward a measure of genuine savings, World Development Indicators, World Bank,
2001
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damages from the World Bank and growth of C'O, emissions using (135).
The results we obtain are illustrated in Table 1.

Table 1

Table 1 presents the traditional TFP growth rates from 1940-1990 reported
in Barro and Sala-i-Martin (2004). The 1st column reports the countries we
test 19, The 2nd column contains the CO, growth rates of those countries
and the 3rd column the share of CO, emission damages in GDP, (sz) taken
directly from the World Bank estimates. In the 4th column the traditional
TFP growth rates are reported, while the 5th column presents our "Green"
TFP growth for the same time period. What we observe from this first
adjustment is that after the introduction of the environmental factor, TFP
growth rates reduce marginally and the reduction is based on the contribution
of the environmental damage of C'O; emissions which were excluded from
previous TFPG measurements. This is a first indication that the introduction
of the environment affects TFPG measurement and that the environment
could be an element in growth accounting, in the sense that part of the
growth of total output per worker can be explained by the growth of C'O,
per worker.

i1) Estimates of the emission share using marginal damage cost of COq
emissions

A second approach to adjust TFPG measurements is by estimating s,,
the share of CO; emissions in GDP, using an approximate measure of p,,
the cost or damage per units of COy emissions. We use (135) and (136)
and approximate s},. Then ¢ is our adjusted "Green residual". Z;; is C'O,
emissions for country ¢ in year t and GDP;; being Gross Domestic Product
produced in country ¢ in year t. We then perform sensitivity analysis by
choosing three different values for p.. The first value is 20$ per ton of CO,,
a value that is proposed by the World Bank to represent the cost or damage
per tons of CO, emissions!®*. The price of p, taken by the World Bank can
be regarded as a proxy for the price that is assigned to the cost or damage
per ton of emissions created by C'O,, in the European permits market 6%

163 These countries were chosen because there were estimates avaliable for the Traditional
TFPG measurement from Barro and Sala-i-Martin (2004) and a comparison between the
traditional and the Green residual could be made.

164 Towards a measure of Genuine Savings, World Development Indicators, 2001

165 Current prices (2006), have been reported in the range of 20euros per ton of CO,.
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This price should be the cost of taxation on C'O5 emissions, if an optimal tax
was set on emissions in a competitive framework where the basic equivalence
between emission taxes and emission permits holds. This equilibrium price
should be equal to the marginal damages of C'O, emissions. Although, these
conditions do not hold in the actual permits market for CO,, we believe that
an approximation on these grounds could provide useful indications. The
second value of p,,we use is 93$ per ton of CO,'%, and the third value of p,
we use equals 350$ per ton of CO,'%".Using (135), (136) and the proxy of p,
= 208%, 93% and 350%, we obtain the "Green" TFPG presented in table 2.

Table 2

The results of table 2 indicate that "Green" TFPG reduces and some
times can even take negative prices as p, - the cost or damage per units of
COs- increases. (Columns 5, 8, 11 - table 2). Columns (4, 7, 10 - table
2) show the share of the environmental factor in GDP and we observe an
increase in this contribution as the cost per unit of C'Oy increases. Columns
(6, 9, 12 - table 2), show the percentage deviations between the traditional
and the "green" TFPG. The percentage deviations increase, as the cost of
per unit C'O, increases from 203, to 93$ to 3508.

7.4 2) FEconometric Estimation: Theoretical Formu-
lation and Empirical Results

We next use econometric estimations to measure the share of emissions
in total output, a methodology which has the advantage of testing the sta-
tistical significance of emissions growth as a determinant of output growth
and thus can provide more appropriate measurements. We use an aggregate
production function which includes C'O, emissions as an input, but in con-
trast with chapter 6, we leave out of the production function human capital
due to the lack of data for the case of developing countries. The econometric
estimation is considered as a more appropriate way to estimate input shares
and the share of C'Oy emissions which is an unpaid factor in the production

166 The price for the cost or damage per ton of CO, emissions is proposed by Tol (2005)
and represents the mean of the 28 published studies that he combined in his analysis.

167 This value is also taken from the study of Tol (2005) and represents the higher value
P, can obtain.
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process since it’s share in GDP cannot be measured by existing data in the
absence of C'O4 emission taxes.

Following the analysis of chapter 6.7, we use a Cobb-Douglas specification
that includes emissions:

Y = AgK“ (AL)*™ (BZ)™ (178)

and we simplify the notation in (178) by setting Ay = 1. Under constant
returns to scale (178) in per worker terms becomes:

y = e(:va2+a3b)tkalza3 (179)

k= % Taking logs, we have the log linear form:

Iny = (zay+baz)t+alnk+azlnz, (180)
a9 = 1-— a1 — as (181)

Equation (180) provides estimates of input elasticities. To have a meaningful
interpretation of these elasticities as factors’ shares in the absence of optimal
environmental policy, we need to consider the choice of emissions in the
context of the constraint optimization problem:

maxIl = F(K,AL,BZ)— RxK —wL (182)
subject to Z < Z

where the upper bound for emissions reflect technical constraints associated
with production technologies and emissions. Associating the Lagrangian mul-
tiplier ;¢ with the constraint Z < Z the first order condition for the optimal
input choices, including emission choice, which correspond to (182) are:

L=F(K,AL,BZ) — RxkK —wL+ n(Z - 2) (183)
and
OF _p OF _ OF
oK ~ oL " ez T H

by the envelope theorem p is the shadow cost of emissions Z, and measures
the response of maximized profits to changes in the upper bound Z. This
shadow cost should be distinguished from the shadow cost of the pollution
stock, defined in (131), that measures the response of maximum welfare to a
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change in the stock of pollutants, the stock of CO; in our case. Thus in the
absence of environmental policy the share of the unpaid factor in equilibrium

is defined as:
_ ez _p2

YTy T Y
In general this will be different from the correct share <—5\Z> /Y, unless

(184)

Z is set at the level corresponding to the social welfare maximization path
for the emissions’ flow, which clearly is not the case for the period under
investigation.

Therefore the elasticities obtained from the production function can be
interpreted as shares associated with the constraint optimization problem
(234) but not with the social welfare optimization problem!®®. This has
certain implications for the interpretation of any estimation results. Given an
estimate of §; the shadow value of emissions can be obtained as 1 = 55 (Y/Z)
where Y/Z is the observed ouput-emissions ratio. This is not however a
"true shadow cost’ of pollution in developing countries since the true shadow
cost’ ), is based on a social welfare function that incorporates environmental
damages and preferences in developing countries.

In the growth accounting exercise the contribution of C'O; emissions on
output growth using elasticities estimated from an aggregate production func-
tion, in the absence of C'O, related environmental policy, can be interpreted
in terms of emissions contributions under the existing technological con-
straints, and not as the ’true’ contribution, when environment is properly
valued by the welfare cost of using it. On the other hand this is a useful
measure since it provides an indication of the impact from introducing an
environmental policy that restricts emissions on aggregate output.

Actually since in the absence of a C'O; policy it is expected that emissions
constrained by technological restrictions, would be high'®, relative to the
case where the socially optimal regulation is followed, the estimate of u is
expected to be low relative to .

In this context elasticities can be interpreted as shares, and we can set:

a, = Si, 3 = Sz (185)

By comparing (180) with (176), TFPG can be obtained by estimating

168For the solution of the social planner see Tzouvelekas, Vouvaki and Xepapadeas,
(2006).
169We have unregulated profit maximization in this case.
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xas + asb. In this case TFPG is approximated by the contribution of labor
augmented technical change and emissions augmented technical change. For
a3 = 0 we have the traditional aggregate production function without emis-
sions as an input. The equation that follows is the most general growth
accounting equation with the introduction of the environment:

A - z 186
) ’V—FSKk +SZZ (186)
v = xzas+ agdb (187)

Using (180) or (186), TFPG can be estimated econometrically, either from
the trend term zas + agb of (180) or the constant term v of (186). Alter-
natively, using the estimated shares Sk, $7 from (180) or (186) and average

growth rates of output and inputs per worker, TFPG can be calculated from
(186) as:

Y= (%) — 3K (%) — 3z (2) (188)

We can use the following two formulations in order to econometrically
estimate TFPG, either by using a production function or a growth accounting
equation that follow:

Production Function Iny = (zas + asb)t+a;Ink +azlnz (189)
Growth Accounting = =y + a1y + as— (190)
Yy 2

The estimation of the growth accounting (GA) equation (190) represent es-
timation of the corresponding production function (PF) (189) in first differ-
ences, since we use the approximation #/x = Inz; — Inz;_;. Thus the GA
estimation could address problems associated with the stationarity of the
variables in levels.

Following the econometric analysis of chapter 6.7, we use the following
model to estimate "Green" TFPG:

Iny, = (t+ A(t) +arlnk; + azln zy

T

A(t) = > (bas), D,
t=1
¢ = zap
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and Dy is a time dummy for year ¢. All the relevant parameters in the above
relation can be identified by imposing the restriction that as initially was
suggested by Baltagi and Griffin (1988). The above specification, apart of
enabling the identification of the two technical change effects is flexible as
A(t) is not constrained to obey any functional form, it is capable of describing
complex and sometime erratic patterns of technical change consisting of rapid
bursts of rapid changes and periods of stagnation, which might be relevant
when we study the emission, that is, the input augmenting technical change.
We estimate PF and GA using weighted least squares and our results are
summarized in tables 3-5.

Tables 3a, 3b show estimates of the shares sy, s, for the production func-
tion model PF and the growth accounting model G'A respectively'™.

Table 3a

Table 3b

The estimates of the input shares from the PF estimation, suggest a value
for capital’s share 9.5% and a share for CO, emissions of 33%. When we use
the GA equation, the share of capital goes up by approximately 25, 6% while
the share of emissions goes down to around 8%.

The estimates for the C'O, share with the interpretation given in (184) in
all estimated regressions, are highly significant and in a sense that suggests
a significant contribution of C'Oy emissions in output. This result seems to
justify empirically the introduction of emissions as an input in the production
function of the developing countries. Furthermore, by using (184), we can
obtain the shadow cost of emissions as, u = §,(Y/Z). Using the average
values for GDP and C' O, for the 21 countries of our analysis, the shadow
value of emissions i is between 136$ and 565$ per ton of C'Os.

Table 4a, provides estimates of labor augmented technical change x, C'O,
emission augmented technical change b, and estimates of average TFPG ob-
tained as (zas + baz). Our methodology allows to distinguish between two
different types of technical change and identifies positive emissions augment-
ing technology. This result can be also regarded as an empirical verification
for introducing input augmenting technical change in the production func-

170The PF model was also estimated by using as regressor the original regressor lagged,
one period, and by instrumental variables estimation using as instruments the original
regressors lagged one period. There was no substantial change in the results.
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tion, that is the specification BZ.
Table 4a

Table 4b provides individual country TFPG estimates from the GA model.
The estimates are obtained by adding to the overall constant of each regres-
sion the estimate of individual country fixed effect.

Table 4b

As shown in table 4b the average TFPG estimates are very close to the
estimates obtained from the production function in table 4a.

Table 5 uses the growth accounting equation (188) and the estimated
shares from the production function to obtain TFPG estimates for individual
countries.

Table 5

It should be noticed that the average estimates of TFPG in table 5 are very
close to those obtained directly from the regressions using xas + baz, and
the GA estimates This can be regarded as providing a confirmation of the
robustness of our estimations. Negative estimates of TFPG correspond to the
case where we use quality adjusted labor as input. These numbers seem to
suggest that for these specific countries, the contribution of physical capital,
capital quality adjusted labor and emissions to output per worker growth,
exceeds the growth of output per worker.

7.5 Concluding Remarks

The aim of this chapter is to provide a new perspective in Total Factor
Productivity Growth measurement for developing countries by taking into
account the contribution of the environment in total output growth. We
chose to approximate the use of the environment by C'O, emissions and we
developed a theoretical and an empirical analysis in order to include this
new factor of production in TFPG measurements and measure its actual
contribution in the growth of the final output. We included in our model
emission augmenting technical change and interpreted the emissions share
in GDP, in a context of a completive equilibrium under optimal taxation,
and in a context where emissions is an unpaid factor, that is untaxed. Our
results provide adjustments of existing TFPG estimates when C'O, emissions
are taken into account and direct estimates of TFPG from an aggregate
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production function. Our approach can be regarded as a "Green" TFPG
Measurement Methodology.

Our results suggest an average TFPG for the period 1965-1990 for the de-
veloping countries under examination of the order of less than 1%. They also
suggest that emissions in the form of C'O, is a statistically significant input
in the aggregate production function and that emission augmenting techni-
cal change coexist with labour augmenting technical change. This implies
that the use of the environment approximated by C'O, emissions, which is
an unpaid factor, contributes to the growth of output of developing countries
along with physical capital, human capital, and labour, and its contribution
should be accounted in the context of a "green TFPG" or a "green residual
estimation".

When environment’s contribution in TFPG is accounted, it seems that
TFPG in developing countries is low and in some cases as indicated in ta-
bles 4b and 5 even negative. This result questions tha sustainability of the
development process in these countries. It should be also noted that the
environment’s contribution we estimated through the production function
analysis might underestimate or overestimate the "socially optimal contribu-
tion", which is associated with an optimal tax determined by marginal en-
vironmental damages along the optimal path. If marginal damages are high
the socially optimal use of the environment in the growth process, should be
small, while the opposite holds for low marginal damages. If in the absence
of optimal environmental policy this contribution is sizable, and our results
suggest that the C'O, emissions contribution is statistically significant with
a share in output which could be as high as 33%, then excess use of the envi-
ronment as an input might question the eventual sustainability of the current
growth process. For example if, after solving the social planner’s problem,
we have an estimate of A\, the true shadow value of the C'O,, and calculate

emissions’ share, sz as (—5\Z> /Y | then the growth accounting equation

(??) might produce a negative result. This result can be interpreted as an
indication that total use of resources, including the "unpaid" one properly
valued, exceeds the output growth generated by these resources. In this case
development that uses "unpaid" factors is not sustainable.!™

Our future research includes TFPG estimates, within this new framework,
for developing countries, introduction of stock variables into the aggregate

171 Along the socially-optimal path this will not happen since the use of the "unpaid"
factor - the environment - will be determined by its true shadow cost.
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production function, use of our production function estimates along with
damage functions for C'Oy to actually solve the social planners problem,
and define the structure and the parameters of value functions, and at a
more general level reformulating some of the recent empirical approaches to
growth to take into account possible unpaid, and damage generating, factors
of production. We hope that this approach will enhance growth empirics
by incorporating the environmental dimension in growth accounting in a
meaningful way.
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Figures and Tables
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Figure 1: GDP per worker in developing countries 1965 and 1990.
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Figure 2: C'Oy per worker in 1965 and 1990
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CO2/GDP 1965 and 1990
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Figure 3: CO2/GDP in 1965 and 1990
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Figure 4: Growth of GDP per worker vs growth of CO, per worker.
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GDP/W vs CO2/W Peru 1965-90
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Figure 5: GDP/W vs CO2/W Peru 1965-90

GDP/W vs CO2/W Iran 1965-90
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Figure 6: GDP/W vs CO2/W Iran 1965-90
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GDP/W vs CO2/W Syria 1965-90
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Figure 7: GDP/W vs CO2/W Syria 1965-90
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Figure 8: GDP/W vs CO2/W India 1965-90
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GDP/W vs CO2/W Yugoslavia 1965-90

14

12

10

2

0
1960 1965 1970 1975 1980 1985 1990 1995

¢ CO2/W = GDP/W

Figure 9: GDP/W vs CO2/W Yugoslavia 1965-90
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Figure 10: GDP/W vs CO2/W Zimbabwe 1965-90
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Table 1: Traditional and Adjusted TFP growth rates from 1940-1990
using s, from the World Bank

Countries (1) | Growth COs (2) | s;. (3) | Trad. TFPG (4) | GTFPG (5)
Peru 3.21 0.003 | —0.62 —0.62
Colombia 3.88 0.004 | 0.84 0.82
HongKong 6.43 0.001 | 2.3 2.29
Mezico 4.51 0.005 | 1.13 1.11
Argentina 2.73 0.003 | 0.54 0.53
Chile 3.28 0.004 | 1.38 1.36
Column (1): Countries
Column (2): CO, growth *100

):
):
Column (3): s, — share of CO, emissions. Source: The World Bank
4): Traditional TFPG estimates. Source: Barro and Sala-i-
Martin (2004)
Column (5): "Green" TFPG
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Table 2: Traditional and Adjusted THP growth rates from 1940-1990 using s, from the World Bank

Countries TTFPG | Gr. OO, MDOOO; MDCCO; MDCCO;
(%) (%) $20/tC $93/tC $350/tC
Siz GTHPG % Dev. Siz GTHPG % Dev. Siz GTHPG % Dev.
® @) 3 4) (%) (5) ©) ) COXE)) ) 10 | (% 11) (12)
Peru -0.62 2.41 0.0088 | -0.64 3.22 0.0411| 0.72 16.13 0.1545 | —0.99 59.68
Colombia | 0.84 2.53 0.0113| 0.81 -3.57 0.0526 | 0.71 —15.48 0.1979| 0.34 —59.52
HongKong | 2.29 6.79 0.0079 | 2.25 -1.75 0.0367 | 2.05 —10.48 0.1381 1.36 —40.61
Mexico 1.13 5.60 0.0122 | 1.06 —6.19 0.0565 0.81 —28.32 0.2128  —0.06 —105.31
Argentina | 0.54 2.47 0.0122 | 0.51 —5.55 0.0569 | 0.40 —25.92 0.2141 | 0.01 —98.15
Chile 1.38 2.75 0.0126 | 1.34 —2.90 0.0585| 1.22 —11.59 0.2202 | 0.77 —44.20

*Colum (2): Traditional TFPG estimates. Source: Barro and Sala-i-Martin (2004)
Colum (3): Average amnual growth of CO, emissions
Colunms (4,7,10): Emissions share in GDP using the corresponding MDCCO; estimate.

Colums (5,8,11): "Green' THPG estimates
Colums (6,9,12): Proportional deviation between traditional TFPG and GTFPG estimates.



Table3a— Production Function Estimation for the PF model

PF

c 0.2484

a; = s; | 0.0951
as = s, | 0.3305
bas 0.0013
Tao 0.0047
R? 0.9997
DW 1.8519

All coefficients are significant at 1% level

Table3b— Growth Accounting Estimation for the GA model*

GA
a; = s | 0.2562
a3 = s, | 0.0801
R? 0.8567
DW | 2.0696

All coefficients are significant at 1% level

(*) We do not report the constant term since the overall constant plus
with the fixed effect estimator for each county define the TFPG for this
country.

Table 4a:— TFPG estimates using the production function
Tas bas T b TFPG
0.0047 | 0.0013 | 0.0081 | 0.0040 | 0.0060

PF
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Table 4b: TFPG estimates using the growth accounting equation

Countries GA
PERU —0.0099
THAILAND 0.0207
PARAGUAY 0.0021
MOROCCO 0.0109
DOMINICANREP | —0.0001
GUATEMALA 0.0035
HONDURAS 0.0025
JAMAICA —0.0027
BOLIVIA 0.0012
COLOMBIA 0.0138
ECUADOR 0.0093
IRAN —0.0202
SRILANKA 0.0142
SYRIA 0.0199
YUGOSLAVIA 0.0099
INDIA 0.0114
KENY A 0.0144
MADAGASCAR —0.0159
MALAW I 0.0002
SIERRALEONE —0.0141
ZIMBABWE 0.0074
Average 0.0037
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Table 5: TFPG calculations using factor shares estimates from the pro-
duction function

Countries PF
PERU —0.0074
THAILAND 0.0122
PARAGUAY 0.0050
MOROCCO 0.0032
DOMINICANREP | —0.0025
GUATEMALA 0.0039
HONDURAS 0.0008
JAMAICA —0.0073
BOLIVIA —0.0013
COLOMBIA 0.0152
ECUADOR 0.0024
IRAN —0.0141
SRILANKA 0.0199
SYRIA 0.0074
YUGOSLAVIA 0.0103
INDIA 0.0080
KENY A 0.01482
MADAGASCAR —0.0149
MALAW I 0.0104
SIERRALEONE —0.0044
ZIMBABWE 0.0026
Average 0.0031
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8. Total Factor Productivity Growth with
Externality Generating Inputs

8.1 Introduction

In the context of a Green Growth Accounting framework, the present
paper is an attempt to further extend the traditional total factor produc-
tivity growth (TFPG) measurements or the Solow residual that was first
introduced in 1957 (Solow 1957), by including the use of the environment,
proxied by energy use, as an extra input in the production process. In this
context energy is an input that generates an environmental externality and
furthermore it is a partially unpaid factor of production in the absence of
environmental taxes which would internalize the environmental externality
associated with its use. If we start by accepting that the environment is
contributing to output growth but since, in the absence of internalization,
its contribution is not accounted for in the traditional TFPG measurements,
then what is interpreted as TFPG might be the unaccounted contribution of
the environment and thus traditional TFPG measurements might be biased
upwards!™. It is obvious that there exists a direct functional relationship
between energy and emissions. This relationship can be also deducted at
the data level since emissions data are constructed from energy data. Nev-
ertheless, although energy is paid as an input in production, there is also
an unpaid part of energy which is the C'O, emission’s'” created from the
use of energy. This part is considered unpaid since no carbon policy was
in general applied in the OECD or the non-OECD countries until the re-
cent Kyoto protocol and more specifically no carbon tax policy was in use
for the period analyzed in the present paper!™. The functional relationship

172In Tzouvelekas, Vouvaki, and Xepapadeas (2007) CO, emissions were introduced as
an extra input in the production function and contributed to total output growth. In the
present paper we seek to measure the Solow residual by using energy instead of emissions
as a proxy for the use of the environment.

173 There are also other ’greenhouse’ gases created by the use of energy but carbon dioxide
(CO3) emissions are considered to be one of the most important of them all as has been
indicated by various reports.

174 The period we analyze in this paper is 1965-1990. In 1991 Sweden reformed the energy
taxation system and a carbon tax was introduced. See: Bengt Johansson, Economic
Instruments in Practice 1: Carbon Tax in Sweden, Swedish Environmental Protection
Agency. Nevertheless, for the period of our analysis in this paper carbon taxes were not
in use.
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between energy and emissions shows that for the 23 OECD countries'™ we

analyze, there is a strong proportional relationship between energy and C'O,
emissions. Based on this fact, we seek to estimate the contribution of the
uninternalized or the unpaid part of emissions, which is embodied into en-
ergy, in TFPG measurements. First, we set up a model that examines the
equivalence of the ‘emission based model’ and the ‘energy based model’!"®
under optimal emission taxation and exogenous energy prices. We use this
model to derive an externality adjusted TFPG measure and then apply it to
a panel of OECD countries. The results show that TFPG measurements are
significantly affected when we assign a certain price to the emission’s part
which is the unpaid part of energy input. Our results can be interpreted as
externality adjusted TFPG measurements.

The rest of the paper is structured as follows. In chapter 8.2, we develop
a model based on neoclassical growth theory that includes energy as an in-
put in production and we further develop a growth accounting framework
that allows us to measure TFPG when energy is a partially paid factor of
production. Chapter 8.3 tries to interpret the energy’s share in output in
a context of an optimal growth model and competitive market equilibrium.
The problem that needs to be addressed is that for the period we analyze
there is no taxation or other environmental policy for the emission’s part of
energy and therefore estimating TFPG in the traditional way, that is through
econometric estimation based on production function or using data on input
shares in GDP, might provide biased estimates. chapter 8.4 attempts to
solve this problem by using two different approaches for the measurement
of the externality adjusted TFPG. First, we estimate the input shares by
using an aggregate production function which includes energy as an input
in the production process. From this aggregate production function we can
estimate either an overall average traditional TFPG!"" for all the countries
of the sample, as the coefficient of the time trend of the aggregate production

175 The 23 countries used in our analysis are the following: Canada, U.S.A, Austria, Bel-
gium, Denmark, Finland, France, Greece, Italy, Portugal, Spain, Sweden, Switzerland,
U.K., Japan, Iceland, Ireland, Netherlands, Norway, Australia, Mexico, Turkey, Luxem-
bourg.

176In an "emission based model", emissions are regarded as an input in the aggregate
production function while in an "energy based model" energy is regarded as an input in
the aggregate production function. Both models can be regarded as alternative approaches
of introducing environment as a factor of production.

1""We use the term "traditional TFPG" to indicate TFPG measurements which are not
adjusted for non internalized externalities.
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function, or individual countries TFPGs by using the estimated input shares
from the production function and the average growth rates of output and in-
puts per worker for each one of the countries we analyze. Second, we convert
these traditional TFPG estimates to an externality adjusted TFPG concept
by a specific adjustment. This adjustment is carried out by subtracting from
output growth the growth associated with the value of the unpaid part of
energy. This unpaid part relates to emissions which are created during the
production process and which are not accounted for in the traditional mea-
surements due to the lack of an environmental tax. To value the unpaid part
we use current estimates of the marginal damages from C'O, emissions. Our
results are summarized in chapter 8.5. These results suggest that when the
emission’s part of energy, valued by marginal damages from C'O, emissions,
is accounted for in the measurements, the Solow residual can even take neg-
ative values. This indicates that when we account for the environmental cost
of the emissions created from the use of energy, in other words when this
unpaid part of energy becomes internalized, TFPG could become negative.
A negative residual could imply that when each input used in the production
process is fully paid for its contribution in total output growth then no TFP
that can drive growth is present. Clearly this growth process is not sustain-
able, by any definition of sustainability, since the value of output is less than
the value of inputs used to produce this output. The last section concludes.

8.2 The Model

We use the neoclassical production function:
Y =F(K,HW,X) (191)

where K is physical capital, H is human capital, W = AL is effective labour,
with L being labour in physical units and A reflecting labor augmenting
technical change and X = BE is effective input of energy, with E being
energy in physical units and B reflecting energy saving technical change,
or input augmenting technical change. Differentiating (191) with respect to
time, and denoting by ¢;,j = K, H, L, F the elasticity of output with respect
to inputs, the basic growth accounting equation is obtained as:

Y K a A L B E
v - €K (g) +e€n (E) +e€r (Z) +er <z) +ep <E> te€E (E) (192)
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We assume that energy is related to emissions by the following function:
E(t)=0¢(Z(1),1) (193)

where Z (t) is emissions created by the use of energy E at time ¢ and the
introduction of ¢ as a separate argument into (193) indicates that there could
be technical change in the energy-emission relationship with the result of
producing for example more energy with less emissions. We assume that
¢, >0, ¢, > 0 and that the inverse function exist, so we can alternatively
express emissions as a function of energy use!™:

Z(t) =9 (E(t),t) =¥ (E(t),1) (194)
differentiating (193) with respect to time we have:

_99(Z2(1),1) 96 (£ (1))
AE = =5 2dd + =

dt

dE _08(Z (1,047 90 (Z(1),1)
dt o7 dt ot
dividing by E we have:

E 0Z E ot E
and multiplying by % we have:

E 8¢(Z(t),t)z+8q§(Z(t),t) 1

E 0EZZ OFEZ1

E_(?ZEZ+ ot EZ

. ) oFE 7 1
if we set the second part of the equation, NEZ v then:
E Z
E = €E, (E) +v (195)

178 As we show in the section of the paper where competitive equilibruim is analyzed, ex-
istence of a competitive equilibruim when the emissions incorporated into a given amount

of energy are taxed, requires a simple proportional relationship between energy and emis-
sions.
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where €g, is the elasticity of energy with respect to emissions from (193).
Then (192) becomes:

v (K i i i B z‘

v=x | % +ex T +er a1 +er 7 +ep B +eg EEZZ—H/

Yy K H A L B Z

v = €K 17 +en T +€r, a1 +€r, 7 +eg B +E€peE; 7 +epv
(196)

Therefore the growth accounting equation can be expressed either in
terms of energy by (192) or in terms of emissions by (196). To transform
(196) into a growth accounting equation in factor shares we use profit maxi-
mization in a competitive market set up. Profits for the representative firm
are defined as:

I=F(K HWX)- RgK — RyH — wL — ppE — 7 (E) (197)

where pg is the competitive price for energy, 7 is the emission tax, and we
assume no technical change in the energy-emission relationship to simplify
things. The associated first-order conditions for profit maximization are:

oF oF
8_[( - RK 5 8_H - RH (198)
oY _OF W _ OF DAL _ OF ,  OF _0Y 1

oL “aw oL —aw oL _ow’ " aw ~apa 1%
oF oF
T = AU (200)
oY oF 0X oF OBE oF oF oY 1
OoF 0X OF 0X OF 0X 0X OF B
oF oF
9E G_XB =pg +1YR(E) (202)
Then input shares are defined as'™:
R K RyH L E+ E)E
SK = I;v ySH = g—]/ ySL = w?? SE = be ;pE( ) (203)

1" The share of energy (sg) consists of two parts. The paid part for energy and the share
corresponding to the emissions generated by energy. If 7 = 0 then the part which reflects
the use of the environment is unpaid.
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Thus the Solow residual augmented with energy is defined as:

)l )

or by replacing (195) into (204) we have the following expression:

o) )0

Under constant returns to scale (204) becomes:

7:%_3K%_3H%_3E§ (205)
where lower case letters indicate per worker (or per capita) quantities. It
can be seen from (205) that the contribution of the environment in TFPG
is reflected in the term SEE. This indicates that there is one more source
generating output growth, the environment used as an input in production,
in addition to capital and labour. Thus, in order to obtain a "net" estimate
of TFPG the environment’s contribution should be properly accounted. Re-
lationships (204) and (205) can be considered as externality adjusted growth
accounting equations and v is the "externality adjusted Solow residual". In
order to provide a meaningful definition of the TFPG when environment is
an input, we need to clarify what is meant by the share of energy in output.
This is because the total cost of energy includes apart from the price of en-
ergy that is accounted for in the measurements, since energy has a market
price, the untaxed (or unpaid) value of emissions that energy creates.

8.3 Interpreting the Shares of Inputs in the External-
ity Adjusted TFPG Measurements

The Social Planner

To interpret the share of energy, when energy use releases emissions which
are an environmental externality, we consider the problem of a social planner
who optimizes a felicity functional defined over consumption and environ-
mental damages. We determine an optimal tax 7, that if paid, it would
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internalize the externalities that the emission’s part of energy creates during
the production process. We assume that emissions (flow variable), accumu-
late into the ambient environment and that the evolution of the emission

stock S, is described by the first order differential equation!®’:
S(t)=2Z(t)—mS(t), S(0)=Sy,m >0 (206)
V(E)=Z =67 (B) (207)
S(t) =19 (F)—mS(t) (208)

where m reflects the environment’s self cleaning capacity'®'. The stock of
emissions generate damages according to a strictly increasing and convex
damage function D (S), D" > 0,D" > 0.

Assume that utility for the "average person" is defined by a function
U (c(t),S (t)) where ¢ (t) is consumption per capita, ¢ (t) = C () /N (t), with
N (t) being population and S (t) being the stock of pollution. We assume
that U.(c,S) > 0, Us(¢,5) < 0 Ues (¢, 5) < 0, that U is concave in ¢ for
fixed S, and finally that U is homogeneous in (¢, .S). Then social utility at
time ¢ is defined as N (¢t) U (¢ (t),S (t)) = Noe™U (¢ (t), S (t)) where n is the
exogenous population growth rate and Ny can be normalized to one. The
objective for the social planner is to choose consumption and energy paths
to maximize:

{e(t),E(t
where, p > 0 is the rate of time preference, subject to the dynamics of the
capital stock and the pollution stock (208). The capital stock dynamics
can be described in the following way. Assume a constant returns to scale
Cobb-Douglas specification for the production function (191):

max)}/ e P (¢, S) dt (209)
0

Y = K9 H (AL)™ (BE)® (210)

where: a;+as+asz+ay =1and E (t) = ¢ (Z (t)) as defined above. Expressing

180 Emissions here are defined in terms of energy use.

181We use a very simple emission accumulation process which has been often used to
model global warming. The inclusion of environmental feedbacks and nonlinearities which
represent more realistic situations are of further research but we expect that it will not
change the basic results.
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output in per worker terms we obtain:

- (5 (D (EH (5 (211)
— \ L L L L

— y:kalhaz(emt)ag,(e(b—n)tE>a4’ or

= SRR ES, ¢ = a3+ as(b— )

e NN

Labor augmenting technical change grows at the constant rate x, input (en-
ergy) augmenting technical change grows at a constant rate b, labor grows
at the population rate n,and as usual y = %, k= %, c= % and h = % and
ey = % are expressed in per capita (or per unit of worker) terms. Assum-
ing equality of depreciation rates and equality of marginal products between
manufactured and human capital in equilibrium the social planner’s problem
can be written as:'%?

max eU (6,9 dt , w=p—n—(1—-10 212
[T @8 dt = p—n—(1-0)¢ (212)

subject to:

P-g (k: E) —e—ppér— 6+ f (k; E) = Ak’ E(213)

S =1 (E)—mS, Z=1(F) (214)
with k = ke, h = he®t, ¢ = ¢ef! and ey, = éret!, where ~denotes per effective

worker magnitudes and & = 17(57&2. The current value Hamiltonian for this
problem is:

H=U (&) +pf (E) == ppér — 1+ 0+ O k] + A (0 (B,t) - m5)
(215)
the optimality conditions implied by the maximum principle are:

182For the derivation see Appendix 1.
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Us(6,8) =p, Us (¢,9) e+ Uss (¢,9) S = p (216)
) &

p [fE (k. E) - pE%} = My (B,1) (217)
p [fE (h.2) -5 ] = Xy (B.1) (218)
pfe (k’ E) —ppi = —\g (E,t) (219)
s (k E) [ — ppp = — Ny (E, 1)1, dividing with p we have: (220)
frl =pp — W, = where E =g (l%, A, D, f) (221)
p:(p+5+95—f,; (%,E))por (222)
. . . Uss (&, 5)

g - % [f,% (k:,g (k:,)\, Us (¢, S),l)) —p—b— eg] - US((S 835(223)
A= (w+m)A—Us(&S) (224)

The system of (223), (224) along with the two differential equation below:

~

o= f(l%,g(l%,A,U@(é,S),Z>>—é—pEéL—(n+6+£)l% (225)
S = 1/)[9 (/%,A,Ué(é,S),Q,t} —mS (226)

form a dynamic system, which along with the appropriate transversality con-
ditions at infinity (Arrow and Kurz 1970) characterizes the socially optimal

paths of (é, /Af, A, S, E>
Let the value function of the problem be defined as:

7 (Ko, So) = max / U (¢, S) dt (227)
0
then it holds that (Arrow and Kurz 1970)

—A(t) <0 (228)



Thus the costate variable A can be interpreted as the shadow cost of the
emission stock. By comparing (202) with (221) and noting (228) it is clear

that if a time dependent tax 7 () = — _TMis chosen, then firms will choose
the socially optimal amount of energy as input by fully internalizing the
externality:.

Then the energy share can be written as:

E) E N =M
SE: [pE+T¢E( )] , WlthT:_:

Y D Uc

(229)

The share of energy in output consists of two parts. The first one is
associated with the market price of the energy used in production and the
second part is associated with the tax imposed on the emissions created by
the use of the production factor energy. This second part reflects the cost
of externality associated with the use of energy in production. Under the
optimal emission tax it can be shown that the solution of the competitive
equilibrium will coincide with the social planners solution.

Competitive equilibrium

The representative consumer considers the stock of pollution as exogenous
and chooses consumption to maximize lifetime utility, or:

max / e~ P (¢, S) dt (230)
c(t 0

subject to the budget flow constraint:
G=w+ra—c—na+7z (231)

where a is per capita assets, ¢, w, r the competitive wage rate and interest
rate respectively and 7z are per capita lump sum transfers due to environ-
mental taxation, z = Z/L. The representative firm maximizes profits and in
equilibrium a = k£ 4+ h. Then we have the following proposition.

Proposition 3 Under optimal taxation, T = _TMA of the emission content of

~

energy used, the paths (é t),k(t),S(t),Z (t)) of a decentralized competitive

equilibrium coincide with the socially-optimal paths's3.

183Gee proof in Appendix 2.

158



8.4 Externality Adjusted TFPG Measurement

To obtain the externality adjusted TFPG we proceed in the following
way. From the aggregate production function we can estimate: i) an overall
average traditional TFPG for all the countries of the sample as the coeffi-
cient of the time trend of the aggregate production function or ii) individual
countries TFPG’s by using the estimated input shares from the production
function and the average growth rates of output and inputs per worker for
each one of the countries we analyze.

There is however the part of energy that is unpaid. This is the emissions
created by the use of energy that do not have a "price"!%*. Thus in our mea-
surements we might "loose" the part of the energy input which is associated
with the generation of the environmental externality and which remains un-
paid if the price of energy does not include an environmental tax (optimal
or not) or other policy instrument. Thus, traditional TFPG measurements
can be biased. If emissions were taxed at a rate 7 > 0, environment could
be considered a paid factor of production and the externalities created by
the use of energy would be internalized. If however emissions are not sub-
ject to any regulatory policy, (which is the realistic case at least for the
sample period), environment is an unpaid factor of production and we need
independent estimates of marginal C'O, emission damages to adjust TFPG
measurements.

The Cobb-Douglas production function (210), under constant returns to
scale takes the log linear specification:

4

Iny = ag + (zag + bag)t + a1 Ink + aslnh + aglney, Zai =1 (232
i=1

where:
zas + bay = Y4 = TFPG (233)

In (233), Yiorar s v in (204) that includes labor augmenting (xas) and
energy augmenting (bas) technical change.

Equation (232) provides estimates of input elasticities. To have a mean-
ingful interpretation of these elasticities as factors’ shares in the absence of

184 A "price" in this case could be an environmental tax for the period we analyze, a
traditional permit system with a well defined emission permit price or a binding emission
limit.
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optimal environmental policy, we need to consider the choice of energy in the
context of the constraint optimization problem:

maxIl = F(K,H, AL, BE) — RxK — RyH — wlL — ppE  (234)
subject to Y (E)=2<7

The upper bound on emissions created by the use of energy, could reflect
emission limits associated with environmental policy. The Lagrangian for
the problem is:

L=F(K,H AL BE) — RgK — RgH —wL — ppE + A\ [Z — ¢ (E)]

Associating the Lagrangian multiplier \; with the constraint Z < Z the first
order conditions for the optimal input choices which correspond to (234) are:

by the envelope theorem J\; is the shadow cost of Z and measures the response
of maximum profits to changes in the upper bound of emissions. This shadow
cost should be distinguished from the shadow cost of the cost of C'O; stock,
defined in (228), that measures the response of maximum welfare to a change
in the stock of C'Os.

When environmental policy, which is applied by using emission limits,
is chosen optimally in the sense of maximizing social welfare, then it is a

standard result that \; = 7, where 7 is the optimal emission tax defined as:
Y

T = = _Til . Therefore under optimal emission limits the emissions share
is defined as: 5
+ 7

When there is no environmental policy, then there is no emission constraint
or equivalently 7 = 0, and the emissions’ share is simply:

_ :PEE

Thus the elasticities obtained from the production function can be inter-
preted as shares associated with the constraint optimization problem (234)
where the constraint can be binding or not. However, the elasticities can-
not be associated with the social welfare optimization problem (212) in the
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absence of optimal environmental policy. We interpret elasticities as shares
and we set:

a1 = Sk, Gy = Sy, (4 = SE (238)

Specifying the production function (232), with the elasticities interpreted as
shares by (238), the TFPG can be estimated econometrically by the constant
term ,,,,; of (233).

We can also measure TFPG by using the estimated shares Sk, Sy, §g from
(232) and the average growth rates of output and inputs per worker for each
one of the countries we analyze and estimate 4, for each country using the
following equation:

Vi = (%) — 8K <%) — Sy (%) — S <§> (239)

Since our data correspond to a period of time where environmental policy
regarding CO, emissions was not present!®®, what we actually estimate by
(232) when we set ay = sg, is not sg but §g, so to obtain externality adjusted
TFPG estimates that include the share which corresponds to the damages
of the emission generated by the use of energy, we need to subtract the term
# from (233) to obtain :

- 7—wE-EiEotal
f}/adj total = Vtotal — Y,
total

(240)

where FEipq and Yige in (240) are the overall averages of energy and
output accordingly for the group of the 23 OECD countries we analyze.

By substracting the term = fE from the individual country estimates
(239), we obtain:

N T¢EE1'
Yadji = Vi — Y.

where F and Y are the averages of energy and output for each country
over the sample period. The numerical results are summarized in chapter 8.5
that follows.

8.5 Externality Adjusted TFPG Results

1850ur data correspond to the 1965-1990 period of time.

(241)
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Based on the analysis of chapter 8.4, the results of the estimated produc-
tion function (232) are summarized in table 1 that follows'®C.

Table 1: Estimated shares and TFPG results using the production function
estimation from (232).

Production Function
a; = Sg 0.298
as = Sy, 0.027
a4 = Se 0.16
TFPG =,,, % | 1.21
R? 0.99
DW 2.08

Table 1 shows the shares of the three inputs, capital s;, human capital sj,
and energy s. we use. The results suggest a value for capital’s share around
29.8%, which can be considered as a plausible estimate, a share for energy
as an input at 16% and a share for education which is used as a proxy for
human capital of 2.7%. Therefore overall total factor productivity growth
(Viotar) 1 estimated at 1.21%.

All estimators are highly significant. The estimation of (232) represents
estimation of a primal model, that might suffer from endogeneity associated
with inputs, implying inconsistency of direct estimators of the production
function. However as it has been shown by Mundlak (1996, proposition 3),
under constant returns to scale, OLS estimates of a k-input Cobb-Douglas
production function, in average productivity form, with regressors in inputs-
labour ratio, are consistent. This is exactly the type of production function
we have in our model.

To estimate (232) we adopt a panel estimation approach with ‘fixed ef-
fects’ to allow for unobservable ‘country effects’ (e.g. Islam (1995). As shown
by Mundlak (1996) this estimator applied to the primal problem is superior
to the dual estimator which is applied to the dual functions. Furthermore
the ‘fixed effects’ estimator addresses the problem of correlation between the

1860Qur data are taken from the Penn Tables v5.6. Real GDP measured in thousands of
USS$ is the variable (RGDPCH), multiplied by the variable POP in the Penn Tables. Cap-
ital stock and employment are retrieved from Real GDP and capital per worker (KAPW)
and real GDP per worker (RGDPW). All values are measured in 1985 international prices.
Energy data are taken from the International energy agency, Furostatand, OECD, refer
to the total primary energy supply and are measured in million tons of energy.
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constant term 7,,,,;, which is the TFPG estimator with the regressors'®’.

The estimation was performed using weighted least squares (WLS) in
order to take into account both cross-section heteroscedasticity and contem-
poraneous correlation among countries in the sample. The estimation is
carried out in two steps. In the first step the model is estimated via simple
OLS. Using the obtained residuals the conditional country specific variance
is calculated and it is used to transform both the dependent and independent
variables of the second-stage regression. Specifically for each country, y; and
each element of z; (independent variables) are divided by the estimate of the
conditional standard deviation obtained from the first-stage. Then a simple
OLS is performed to the transformed observations expressed as deviations
of their means. This results in a feasible generalized least square estimator
described by Wooldridge ( 2000, Ch. 8) and Greene (2003, Ch. 11).

The results of the externality adjusted TFPG by using the estimated
shares of the production function and the average values of each type of
capital for each one of the countries under analysis, are summarized in table
2 that follows. Column 1 shows the countries we analyze, column 2 shows
the results obtained by the estimation of (239) and column 3 shows the
results of the externality adjusted TFPG obtained by (241). In order to
perform the adjustment indicated by (241) we need the parameters 5 and
7. We obtain 15 as the coefficient of the relationship Z = o E, where 0 = 9.
This parameter was obtained by the regression of energy measured in million
tons on C'Oy emissions measured in million tons. The value of the coefficient
is 2.43 and this value is highly significant with R? = 99%'%%. As 7, which
should be interpreted as a tax imposed on the emissions created by the use
of energy we used a value of 203/tC'O,. This value is taken from Tol (2005)
and represents the marginal damage cost of C'O, emissions. Thus, to obtain
the externality adjusted TFPG, we approximate the environmental policy
parameter 7, by the marginal damage of C'Oy emissions.

Table 2: TFPG results using (239) and (241).

187This correlation has been regarded as one of the disadvantages of the regression ap-
proach in TFPG measurement (Barro 1999, Barro and Sala-i-Martin 2004).

188 Correction for first order autoregressive at the residual was also performed. The first
order autoregressive coefficient was significant.
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Countries (1) TFPG =9 % (2) | Yagji (r=208/1) %0 (3)
CANADA 0.670 —1.979
U.S.A. 0.275 —2.206
AUSTRIA 0.635 —0.779
BELGIUM 1.079 —1.039
DENMARK 0.321 —1.289
FINLAND 1.144 —1.107
FRANCE 0.705 —0.778
GREECE 0.831 —0.479
ITALY 1.537 0.387
LUXEMBOURG | 1.699 —2.580
PORTUGAL 1.690 0.649
SPAIN 0.415 —0.695
SWEDEN —0.040 —2.028
SWITZERLAND | —0.059 —1.122
UK 0.859 —0.896
JAPAN 1.646 0.235
ICELAND 0.473 —2.533
IRELAND 1.638 —0.172
NETHERLANDS | 0.489 —1.414
NORW AY 1.564 —0.247
AUSTRALIA 0.567 —1.226
MEXICO 0.330 —0.814
TURKEY 1.420 0.214
Averages 0.865 —0.952

In column 2 the value of 4, in % is between 0.2% and 1.7% with the
exception of two countries that give negative TFPG results. The average
traditional TFPG for the 23 countries is 0.865%. In column 3 where 7,4, in
% after the adjustment for the externality is presented there are only four
positive values of TFPG. The average value for all the countries is negative
and close to 0.95%. We also performed sensitivity analysis using two more
arbitrary values for 7 .The value of 10$/tC O and 5$/tC'O,. The results we
obtained indicated that when 53/tCO; < 7 < 103/tCO,, the externality
adjusted TFPG takes positive values (when 7 = 5$/tCOy) and negative
values (when 7 = 10$/tC'O,).Thus we can consider a value between 5$/tC'Os
and 10$/tCO;y as a turning point for the sign of the externality adjusted
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TFPG.

The overall average TFPG from (240) using the overall averages of the
input energy (FEioa) and output (Vi) of the 23 countries we analyze and
T = 20$/tCO,, are summarized in table 3 that follows:

Table 3: TFPG results using (240).

’Y&Ot% 0.012

TV ELtotal

Y;fotal (T=20$ t) 0019
Vadj total —0.007

From the results, v,4j 1o, 15 negative. This shows that if the externality
is internalized, with a tax of 20$/¢, value imposed on the emissions part
of the input energy, then all the inputs can be regarded as receiving their
marginal products. In this case, there seems to be no contribution from
TFPG to output growth, what is regarded as productivity growth in the non
internalized part of the externality associated with the use of energy.

8.6 Concluding Remarks

This part of the thesis tries to extend the traditional measurement of
Total Factor Productivity Growth by taking into account the use of the
environment proxied by the use of energy as an input in the production
process. We use an aggregate production function model. The basic prob-
lem that comes up in the estimation of TFPG through this model, is that
the share of energy can be considered as containing a part associated with
an uninternalized externality. This means that even though energy is paid
as an input in production, there is also an unpaid part of energy, which is
the C'Oy emission’s created from the use of this factor, which is unpaid since
there is no carbon policy for the countries and the years we investigated in
this study. We attempt to solve this problem by adjusting traditional TFPG
estimates by the marginal environmental damages of C'Oy emission’s which
are associated with energy use. We use a production function to estimate
the shares of inputs and an overall average traditional TFPG, directly from
a panel set of 23 OECD countries as the coefficient of the time trend of
the aggregate production function. We also estimate individual traditional
TFPG results by using the shares obtained from the production function
estimation combined with the average per country values of the inputs and
output in production. We obtain the externality adjusted TFPG estimates,
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by subtracting from output growth the value of the unpaid part of energy
which is associated with embodied emissions which are not accounted for
in the traditional measurements due to the lack of an environmental policy.
We use current estimates of the marginal damages from C'O, emissions to
approximate the value of the unpaid energy part. Our results indicate that
our externality adjusted residual measurements are significantly affected rel-
ative to the non-adjusted TFPG estimates. The externality adjusted TFPG
estimates could take negative values depending on the value of the marginal
CO, emission damages. If this value is close to 20$/tC Oy then the resid-
ual takes negative values, that is: when each input used in the production
process is fully paid for its contribution in total output growth and no TFPG
can be detected. When the value of marginal C'O, emission damages is close
to 5$/tC Oy, then the externality adjusted residual is positive and TFPG is
present.

Our results seems to support the idea that part of what has been regarded
as TFPG is actually the "unpaid" part of the environment use in production.
The extend to which this part is sufficiently large, so that TFPG is non
existent at all for a certain time period, is an issue that largely depends on
the estimates of environmental damages. Nevertheless, there seems to be
strong, empirical support that at least part of what has been thought as
TFPG is the unaccounted use of the environment in the growth process.

Appendix 1

Derivation of the Social Planner’s Problem

Net investment is total output minus consumption energy cost and minus
the depreciation of human and man made capital. Capital accumulation in
per worker terms, assuming that the two capital goods depreciate at the same
constant rate (Barro and Sala-i-Martin, 2004), is given by:

k+th=y—c—pge,— (n+0)(k+h) (242)
where pg is the price of energy in terms of consumption. Set k = ket and
h = hett, ¢ = et and e, = ére! so that k= k€ + ket and h = heft +Ehett,
Substituting k and h in (242) we obtain:

ket 4-e ke +heSt+Ehett = e (keft)™ (heft)®2 B4 —cef' —pgé et —(n40) (kef'+-hett)
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dividing by e

k+h = ¢ (ectl%‘lleftallAz‘IQeaQﬁtE““) —é—pger — M+ 0+ (k+h), or

k+h = elSrastadtiajoepa o poo  (n4 64 €)(k+ h)

to make the above equation time independent we choose £ such that ( — & +

@€+ s = 0 or € = o = kol
k+h=k"h2EY" —¢—pgép — (n+ 064 &)(k+h) (243)

Assuming as above that the allocation between physical and human capital
is such that the marginal products for each type of capital are equated in

equilibrium if we use both forms of investment, we have that!'s:
a5 =at - (244)
ky hy

The equality between marginal products implies a one to one relationship
between physical and human capital, or:
h=20% h=2% (245)
aq aq
Using (245) in (243) we obtain:

~ Qo ~ ~ ao ~\ ~ Qo ~
E+ 2k = k“l(—%) E“4—é—pEéL—(n+6+§)(k+—2k)
a

aq 1 a1
. ag
(a1+a2)k — jm (%) kaQEa4_é_pEéL—(?7+(5+f) <a1+a2>k
ay a; ai

dividing with (%ﬁ) we have:

k= ARPE™ —ae—ppaé, — (n+ 0+ &)k, (246)

as’ay ay
= [—=——— ), B8=0a1+as, a=
(a‘fz (a1+a2)) b ! 2 (a1+a2)

189 This substitution is convenient since by adopting it we do not need a seperate state
equation for human capital. It does not however affect the basic results of this section re-
garding the interpretation of the unpaid part of energy associated with emissions generated
by a given quantity of energy which is unpaid due to the abscence of carbon taxes.

1
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By abusing notation and in order to simplify relationships we will keep writ-
ing ¢ and ér, instead of a¢ and aérin the capital accumulation equation (246)
since the results are not affected.

Considering a utility function U (¢, S) = 35¢75™7 0,4 > 0 we obtain

using the substitution ¢ = ée®’.

— L io -7 — 1 it 170 oy
Ul,S) = g€ S —1_9(66) ST = (247)

= naLpng_ 00sy o, 5)

Using (209), (247), (214), and (246) the social planners problem can be
written as (212)

Appendix 2

Consumers

Defining the current value Hamiltonian for the problem as:
H=U(,S)+7n(w+ra—c+na+r7z) (248)

standard optimality conditions imply:

U(c,S) = 7, Un(c,S)é=% (249)
7:T = (p—r)wor (250)
) (251)

Firms

The representative firm maximizes profits (197) assuming that physical
capital, human capital and loans are perfect substitutes as stores of value we
have r = Rg — 6 = Ry — 0. The profit function for the firm can be written in
per worker terms, using the Cobb-Douglas specification and setting k = l%eft,
h=hest and ¢ — €+ a1€+axé =0, & =( — a1€ — as€ as:

I=F(K HWX)— RgK — RyH — wL — ppE — 7 (E) (252)
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or:

IT E

Z = ectkalhmE’a4 - RK/C — RHh — W — pPge€r, — Tw(L >, (253)
where k = lz:egt, h= ﬁegt, er = éret

11 R . . n FE

T = St (kes) ™ (he®)2E™ — Ryke® — Ryhe® —w — ppépes — Tw(L )

% —  lCtaigtazd)tarfas pas RK];‘G& _ RHiw&t —w— pEéLegt _ Tw E_JE)

where ( = £ — a1 — ax§ we obtain:

I A . A E
i%E-E::ea{f<hhwE>——RKk——RHh——we5t—pE&;—T%i—legt

L
(254)
In equilibrium firms take Ry, Ry, w, and pg and 7 as given and maximize
for any given level [ = Le€! by setting:

fi=Rx=r+0 (255)
fi=Ru=r+6 (256)
JE = Pt T¥E\") T;ﬂE(E) = fel = pp + T (E)™ (257)
e [f (k.2 B) = fik = fih = (o + 70 (B)) ere™!] = w, (258)
ér, = epe t = %e‘gt (259)
el [f (lz:,lAl, E) - fkl% — fhil - (fEZ> eLe_Et} =w (260)

Competitive equilibrium implies that profits are zero. The zero profit condi-
tion implies:

f (k: h, E) ~ Rich — Ryh — ¢t [f (k: h, E) — fik = fih — (pg + 745 (B)) eLe—ft] 1961

FE
&t —T—w(L )e_ft =0

prere
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For the zero profit condition to hold it is necessary that:

E _ 'QD E _
T@bE(E/)—e &t _—T—( )6 &
which 1mphes that

vp(E)E = ¢ (E) or
dp(E) E

dE 4 (E)

(262)

Therefore, existence of competitive equilibrium when the emissions em-
bodied to energy are taxed, requires that the emission function has unit
elasticity with respect to energy or that it can be written as Z = o F.

FEquilibrium

In equilibrium a = k + h so @ = k + h . Then the flow budget constraint:

Ga=w+ra—c—na+Tz

(263)

can be written as:

k+h=w+4r(k+h)—c—n(k+h)+712 (264)

Setting as before k = ke and h = he, ¢ = ée®', and taking the time
derivatives of k£ and h we obtain:

ket + f/%egt + hebt + 5?163 =
w+Tr (/%egt + ﬁe§t> — ettt —m (lz:egt + ﬁeft> + 7z

substituting (255)-(258) into (2
fi =0, [el =pp + T¢p(E), | =

(265)

65), and using in equilibrium r = f; — 6 =
Let! we obtain:
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foe€t 4 Ehet + het + Ehett =

(1 (kb B) = fik— fih— (o + 7 (B)) ene ] +

(fi =9) e + +(f;, —9) 0) het" — e —n (l%eét + il@gt) + 72,
(

where , z = ) . Dividing with e we have:

bt bt gﬁ - [f (k h, E) — fii = fih — (pg + T (E)) eLe*ﬂ
b(E)

—i—(f,;—é)/%—i—(f,;—é)ﬁ—é—n(/%—kil)—i—T

bt b= [ (kA E) = (r40) (k4 ) — (o + 705 (E)) ese™]

A ) 2B g

>
+
>
I
—
/N
x>
>
&

>
+
>
I
~
/N
>
>
&

using (262) we have:

k+h=k"h2E% —¢—pgép —(n+064&)(k+h) (269)

Using as above the assumption that in equilibrium the allocation between
physical and human capital is such that the marginal products for each type
of capital are equated if we use both forms of investment, we have as before

alz—: —§= ag— —dand h = an: b= “2k: Then (269) becomes

P f <k E) —aé—appér — (n+ S+, f (k E) — sAlPE™ (270)

which is the social planners transition equation (213).

Setting ¢ = ce®! and ¢ = £éet’ + cet! into (251) we obtain

ORI =
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Under optimal taxation 7 = =Y /p. We have therefore, from the so-
cial planner’s problem that [z (l%, E) [ = pp — (A@/JE (E,t) [) /p with p =
Us(¢,5), E=g (l%, A, D, i) while from the firms problem, (257), we have
/e (/2:, E) [ = pp+ 7 g(E). The optimality conditions for the choice of en-

ergy coincide. It should be noticed that 7/ [ = —M\/p, that is the tax per
effective worker is equal to the shadow cost of emissions expressed in utility
terms.

Substituting £ into the equation above and into (214) we obtain

= 2 [h (ko (hAU:@9),0)) —p—5-6¢] - %s(m)

— ¥ [g (k;)\ U (¢, 9) ,Z) ,t] —mS (273)

U 1o

The dynamic system (270), (271) and (273) determines the evolution of
(é, l%, S > in a decentralized competitive equilibrium under optimal emission

taxation. By comparing them with (223), (225) and (226) it is clear that the
path of the decentralized competitive equilibrium under optimal emission
taxation coincides with the socially optimal path.
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9. Conclusions and Areas for Further Re-
searc

Based on part I of this thesis where we define the concept of sustainability
and measure sustainability conditions for developed and developing countries
and part II, where we extend the subject of total factor productivity growth
measurements by introducing the environment as an input in production, this
last chapter is an attempt to summarize the novel theoretical and empirical
results and findings and indicate areas for further research.

To do that, we begin with the basic results of the first part of this disser-
tation. The aim of chapter 3 is to develop a model capable of approaching
sustainability by measuring the change in current social welfare (CCSW)
conditions of economies. Based on a non-optimizing framework, we develop
a model that allows us to choose policies with respect to their impact on cur-
rent social welfare (CSW) conditions. We consider two different approaches
for choosing policy instruments, a feedback and an arbitrary rule and de-
termine two corresponding criteria for measuring the change in CSW condi-
tions. Our theoretical framework is designed to provide applied results for
actual economies. Positive changes in social welfare imply positive genuine
investment and current productive-base sustainability. Negative changes in
social welfare (thus negative genuine investment) are regarded as an indi-
cator of currently unsustainable policies. When policy rules are chosen in
an arbitrary way, then genuine investment should be adjusted accordingly
and this remark might have important implications. Thus, by considering
a "Solow" economy, where domestic population growth, migration, labor
augmenting technical change, and environmental damages associated with
pollutant flows generated by economic activities are present, we determine
CSW conditions, value functions and accounting prices. The application of
our theoretical model to the case of the Greek economy provides us with find-
ings that show that migration inflows, exogenous technical change, growth
of capital per worker, and SO, emissions damages, are important factors for
characterizing the current changes in social welfare conditions of the Greek
economy. Our main finding is that the Greek economy seems to be currently
‘productive-base sustainable’, given the current estimates of SO, emission
damages, which is the only pollutant considered in our analysis. Taking into
account environmental damages of SO, emissions has an undoubtelly nega-
tive effect on the current social welfare conditions and affects social welfare
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conditions in a negative way. Our approach provides empirical confirmation
of this result and can also be used to quantify environmental impacts on
social welfare.

We then extend our model to the case of two large groups of countries,
developed and developing (chapter 4) and attempt to determine the sustain-
ability conditions for those two large groups of countries in terms of current
change on social welfare (CCSW). We observe that one of the basic variables
that affects CCSW conditions is C'O, along with other GHG’s emissions
which are considered to be the basic contributors to the global warming phe-
nomenon. Thus, we formulate a model able to provide empirical results for
the productive base sustainability of those economies which are negatively
affected by C'O, and GHG’s emissions. We determine the criterion that
measures current change of the productive base by taking into account the
environmental damage created from the global warming. We derive results
for the productive base sustainability criterion in a context of a non optimiz-
ing growth framework for the two large groups of countries, 23 developed and
21 developing using three different scenaria of global COy emissions’ growth.
Our main empirical finding is that when global C'Oy emissions increase, the
productive base sustainability criterion is negative for almost all the countries
under analysis and when global CO, emissions remain constant, the produc-
tive base sustainability criterion is positive both for the case of developed
and for the case of developing countries.

In the second part of the dissertation, we analyze the concept of Total
Factor Productivity Growth (TFPG). Our aim was to formulate a new ap-
proach to TFPG measurement which would take into account the use of the
environment in the form of C'O, emissions and energy, in a group of developed
and developing economies.

We begin by approximating the use of the environment with C'O, emis-
sions as an input in the production process and formulate a theoretical model
that includes emissions and emission augmenting technical change (chapter
6). We interpret the emission’s share in output in a context of a completive
equilibrium under optimal taxation since emissions is an unpaid factor of
production, that is when emissions are not taxed. We next apply our model
to a group of 23 OECD countries and provide direct adjustments of existing
TFPG estimates when C'Oy damages are taken into account in the aggregate
production function. We also decompose technical change to labour aug-
menting and emissions augmenting technical change. Our results show that
when emissions grow, the traditional estimates overestimate TFPG relative
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to our estimates, by attributing part of environment’s contribution to output
growth, to technical change. The opposite happens when emissions decline,
that is, when there are savings of environment as a factor of production,
then traditional estimates underestimate TFPG. The size of deviation de-
pends on size of damage estimates of C'O, emissions. Thus, our approach
can be considered as a Green TFPG measurement methodology that intro-
duces the environment as an extra input in the production function that if
accounted, changes current TFPG results. The direct econometric estima-
tion suggests an average TFPG which for the period 1965-1990 we analyze,
around 1%, or less. It also suggests that emissions in the form of CO, is a
statistically significant input in the aggregate production function and that
emission augmenting technical change coexists with labour augmenting tech-
nical change. This implies that the use of the environment approximated by
C Oy emissions, which is an unpaid factor in production, contributes to the
growth of output along with physical capital, human capital, and labour and
its contribution should be properly accounted in TFPG measurements. In
the case where an optimal tax, determined by marginal environmental dam-
ages along the optimal path, is imposed on emissions, this would internalize
the externalities created by the use of the "unpaid" environmental factor and
this factor would obtain a price. Nevertheless, there is always the possibility
to overestimate or underestimate the "socially optimal" use of the environ-
mental factor. Our results show that if marginal damages are relatively high,
the socially optimal use of the environment in the growth process should be
relatively small, while the opposite would hold for low marginal damages. If,
in the absence of optimal environmental policy, this contribution is sizable,
and our results suggest that the contribution of C'O, emissions is statistically
significant with a share in output as high as 14%, then excess use of the envi-
ronment as an input might question the eventual sustainability of the current
growth process. For example if, after solving the social planner’s problem,
we have an estimate of A, the true shadow value of the C'O,, and calculate

emissions’ share, sz as (—;\Z> /Y | then the growth accounting equation

(114) might produce a negative result. This result can be interpreted as an
indication that total use of resources, including the "unpaid" one properly
valued, exceeds the output growth generated by these resources. In this case
development that uses "unpaid" factors cannot be considered sustainable.
The results we obtained for TFPG measurements for the case of the 23
OECD countries are then extended to the case of 21 developing countries
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(chapter 7). Our aim is to measure again the contribution of the environmen-
tal factor, approximated by C'Oy emissions in a group of developing countries
and form a theoretical and an empirical analysis able to provide measurable
results for the contribution of the environment in the growth of the final
output. To do that, we follow the same theoretical and empirical methodol-
ogy as before and interpret the emissions share in output, in a context of a
completive equilibrium under optimal taxation, where emissions is an unpaid
factor, that is they are not taxed. We also provide adjustments of existing
TFPG estimates and our results suggest an average TFPG for the period
1965-1990 for the countries under examination of the order of 1%. This im-
plies that the use of the environment, approximated by C'O, emissions, which
is an unpaid factor, contributes to the growth of output along with physical
capital, human capital, and labour, and its contribution should be accounted
in the context of a "green TFPG" or a "green residual estimation". As be-
fore, the "socially optimal contribution of the environment, might be under
or overestimated. This is closely associated with the "optimal" tax deter-
mined by marginal environmental damages along an optimal path. If there
is no optimal environmental policy, our results suggest that the C'O, emis-
sions contribution is statistically significant with a share in output as high as
33% and the excess use of the environment as an input in production might
question the eventual sustainability of the current growth process.

Chapter 8 is a last extension of the traditional measurements of Total
Factor Productivity Growth. Our aim is to take into account the use of
the environment proxied by the use of energy as an input in the production
process. Using an aggregate production augmented with energy, we define
the shares of the inputs used in production in a context of a competitive
equilibrium model. In this set up, energy is a partially paid input in the
production process. More analytically, the share of energy is considered as
containing a part associated with an uninternalized externality. This means
that eventhough energy is paid as an input in production, there was also an
unpaid part of energy, which is the CO5 emission’s created from the use of
this factor, which is unpaid since there is no carbon policy for the countries
and the years we investigate. We attempt to solve this problem by adjust-
ing traditional TFPG estimates by the marginal environmental damages of
CO5 emission’s which are associated with energy use. We use a production
function to estimate the shares of inputs and an overall average traditional
TFPG, directly from a panel set of 23 OECD countries as the coefficient of the
time trend of the aggregate production function. We also estimate individual
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traditional TFPG results by using the shares obtained from the production
function estimation combined with the average per country values of the in-
puts and output in production. We obtain the externality adjusted TFPG
estimates, by subtracting from output growth the value of the unpaid part of
energy which is associated with embodied emissions that are not accounted
for in the traditional measurements due to the lack of an environmental pol-
icy. We use current estimates of the marginal damages from C'Oy emissions
to approximate the value of the unpaid energy part. Our results indicate that
our externality adjusted residual measurements are significantly affected rel-
ative to the non-adjusted TFPG estimates. The externality adjusted TFPG
estimates can take negative values depending on the value of the marginal
COs emission damages. If this value is close to 20$/tC'O, then the resid-
ual takes negative values, that is: when each input used in the production
process is fully paid for its contribution in total output growth and no TFPG
can be detected. When the value of marginal C'Oy emission damages is close
to 5$/tC Oy, then the externality adjusted residual is positive and TFPG is
present. Our results seem to support the idea that part of what is regarded
as TFPG is actually the "unpaid" part of the environment use in production.
The extend to which this part is sufficiently large, so that TFPG is non ex-
istent at all for a certain time period, is an issue that largely depends on the
estimates of environmental damages. Nevertheless, there seems to be strong,
empirical support that at least part of what has been thought as TFPG is
the unaccounted use of the environment in the growth process.

In this thesis, productive base sustainability conditions were analyzed,
flows and stock of carbon dioxide were used as factors that determine growth
and have an effect on productive base sustainability conditions. It was shown
that the global warming phenomenon has a significant negative effect on sus-
tainability conditions of current economies and that traditional total factor
productivity growth measurements are biased at the introduction of the envi-
ronment as a driver of growth. The unpaid part of emissions and energy used
as environmental inputs in production, showed that there exists a deviation
between the traditional Solow residual and our green TFPG or the exter-
nality adjusted TFPG. All these results, summarize the contribution of the
present thesis. Therefore, starting from the concept of sustainable develop-
ment that constitutes one of the most important and significant international
environmental goals of today, our attempt to transform this definition into
something measurable and tangible and to explore the impact of the widely
used concept such as TFPG or sustainability conditions lead to the develop-

177



ment of this thesis that we believe provides a contribution to the quest for
theoretical and empirical foundations and the insight which will allow us to
characterize whether our future is on a sustainable path or not and which
might provide indications about sustainabilty promoting policies.

The research developed in the present thesis could be extended along
various lines. In chapter 3, the model developed could be extended and
made more realistic by including transition equations for stocks of pollutants,
natural resources (depletable or renewable), human capital, or by introduc-
ing uncertainty in the evolution of the economy. These extensions would
provide better insights regarding the changes in social welfare conditions of
economies and would enhance our ability to provide meaningful estimates of
such changes.

In chapters 6 and 7 and 8, areas of future research could include TFPG
estimates by approximating environment’s use not just by C'O, emissions,
but by a more general index that will include additional environmental vari-
ables; introduction of stock variables into the aggregate production function;
use of our production function estimates along with damage functions for
CO4 to solve the social planners problem and define the structure and the
parameters of the corresponding value functions; reformulating, at a more
general level, some of the recent empirical approaches to growth to take into
account possible unpaid and damage generating factors of production.
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