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XYNOYH
AIAAKTOPIKHX ATATPIBHX

Yt 21/1/2004 eyxpibnke and v Fevikn Xvvéhevon Ewwume ZovOeong (10/21-1-
2004) tov Tunuatog Owovopkov Emomuov, Havemompiov Kprtng n exmévnon
Awaxtopikng Alatpifg pe titho:

«PoOmon Heprparioviikov EEotepikotiitov 6tov Aypotiko Topéa:

Mo E€ghktikn] [pocéyyion»

Kwobuevn oto yopo g Mikpoowovoukng Osowpiog ko IlepiBarloviikng
[MoMtikng, n ev Ady® Awatpin peretd TV amoTEAEGHATIKOTNTO TOV £0EAOVTIKDOV
pnedddwv (Voluntary Approaches) og pétpo moltikng mopspnfaong yo v poduion
npoPAnubtov pn-onuetakng teptPailoviikng pomavong (non-point-source) pHEco omd
éva  efelktikd, duvapkd  mAaicto  avdivong  (evolutionary  dynamic),
yopaxtnplopevo omd v vmobeon g memepacpévng opBoroYIKNG KOVOTNTOG
emhoyng (bounded rationality) tov vrd pOBuion owovoukdv povadwv. ‘Epeoon
otdeTon o€ VIOPKTA PETPO PLOUGTIKNG TOAMTIKNG TOV APOPOVV KaBapd TOV oypOTIKO
TOpEN, TO, OTTOl0L KOl £YOVV OTOGYOANGEL EVPEMG TOGO TNV OtKovopkn PifAtoypapio
000 KOl TO TOMTIKO YiyvecOor o€ TavELPOTOIKO EMIMEOO OAVOPOPIKE HE TNV

OTOTEAEGLATIKOTITOL KOL TNV €V YEVEL XPNOTIKOTNTO TOVG.

H ovveispopd g exmovnbeicoc Awatpific otnv  vadpyovco  OlKOVOMIKT
Broypapio ykettor oto yeyovdg OTL LIWOODETEITOL L OLPOPETIKY OVOAVTIKY|
TPOGEYYIoN OGOV APOPA TOV TPOTO dPACNS TOV VIO €EETACT] OIKOVOLUK®Y LOVAOMV.
H xhaoikn veoBeon g mApovg — ameptoplotng opOoAOYIKNG KAVOTNTOG ETAOYNG
(full - unbounded rationality) avtwafictator Kot vioBeteitanr o EVOALAKTIKY Ko
EVOEYOUEVMC TO PEAMOTIKY VIOBEST, eKelvn TG TOONTIKNG, LWUNTIKNG SUVOUIKNG
ooumepLpopds, n omoio otnpiletor 6e po cvveyn OAOIKOGIO ATOKTNONG YVOONS

péc® NG ovveyovg aAAniemidopaong (interaction) T®V OWKOVOUIKAOV HOVAS®V GTO
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Awaxtopikn Atotpin [Mavemoto Kpnng

xpOVo Kot ekEpaleTor HEC® UUNTIKOV SLuVOUIKOV poviélmv (replicator dynamics

equations).

H ev AMdyo Awaxtopikn Awrpipr] amaptileton amd ta kdtmd tpia pépn:

Mépog A: "llegprparrovrikég Iiéoerig kor POOmon g Evpomaikng
Aypotiknc Apaotnprotyrog: Mo Bipiloypagiki Avackonnon oe
Tpéyovra Zntpoatoe ko Holtikég Hapéppaonc

Mépog B: "Movtehomoinon tng AypoTIKNG ZopmepLoopas Kot Arotipnon g
Anotereopotikotnrog  Tpeyovrov IMomtikov Méowm  &evog

E&ehktikov ITAorciov"

Mépog I': "Amotehéopata, Xvveis@opd otnv Biploypogio wor IIBavég
IIpogktacelg g Awaktopikig Awatpifng"

2VVOTTIKA TOL €V AOY® pépm e€etdlovv:

To Mépog A amotedel To gl0aymyIKd pépog g Atatpipne. Ot guepyetikés Kot 1img
Ol Ououevelg emOPACE; NG  AYPOTIKNG OpacTnpuOTTag o010  TePPaAlov
Topovctalovtal TEPIMTTIKA. AgdoUévVov OTL 1 TAEWVOTNTO TOV TPOPANUATOV
POTOVONG AYPOTIKTG TPOEAEVGEMS €lval UN-CNUEWKOD TUTOV, EUEOACT] OIOETOL GTNV
TEPLYPOUPT] TOV 1010 OVIMV YOPOKTNPIOTIKOV TPOPANUATOV TETOWG PVOEMG KOl GTNV
EMICNUOVOT] TOV ELPAVAV SAPOPDOV AVTAOV Omd To cLVION TPOPALOTO CTUELOKNG

poravong (point-source) (Tpnqpa 1).

Avoeopd vyivetar ot PociKA YVOPIGHOTO TGOV OOE0UEVOV GTNV OLKOVOLIKTY
Broypapioa OempnTik®v HOVIEA®V UN-OMUEWKNAG PUTOVONG, TO Omoio Kot
amodidovtor  10iw¢  pEo®  PeEATIOTOMOMTIKOV — HOVTEA®V  Pacllopevov otV
KaOlepoUEVT] KOl EKTEVAOG YPNOLLOTOOVUEV VIOBeon NG TANPovG opBoAoyiKng
KOVOTNTOG TOV VTOEEETAGT OIKOVOLK®MV HOVAO®V. AESOUEVIC TNG 1010HTEPN G PVGEMS
TOV aypO-TEPPOALOVTIIKOV TPOPANUATOV, T 1OL0HTEPA YOPAKTNPIOTIKE TOV €V AOY®
mpoPfAnudtov Pedtiotonoinong mpocdlopilovtal TOG0 6 OTATIKO Kot SUVAUIKO

mAaiclo, 660 Kot Vo 10 Kabeotmg Pefardtnrag kot afefordmrag, Kabdg kot vd v
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TOPOVGIO. TANPOPOPLOKDY OGVUUETPIOV OVOPOPIKA LE TOV TOTO TMOV OIKOVOUIK®OV

povéadwv (Tpnpa 2).

Ymoypappilovior ot mAnpogoplakoi meplopicHol mov mopoTnpodVTOL KATO TNV
EMAOYY] TOV UETPOV TOAMTIKNG pOOUIONG YOO TNV EMOPKN OVIIUETOMION TOV
TpofAnUdT@V pUn-onuelKng pOTavVoNG, VA 0 TOPOVLCLALETOL EMYPOUUATIKE TO
OUVOAO TOV EPIKTOV UETPOV TOATIKNG Yoo TV ovTipetdmion ovtdv (Tpnqpa 3).
YVYKEKPYEVO, TO PLOOTIKG TAAICIO TTOV TEPLYPAPOVTAL GLUVOTTIKO GTNV €V AOY®

Bproypapikn emokdmn o, glvat:

Métpa Pacilopeva otig atopukég ekmounés (Emission-based schemes).
Métpa Bacilopeva otig e1opoég (Input-based schemes).
Métpa Bacilopeva oto mapaydpevo tpoidév (Output-based schemes).

Métpa Bacilopeva otig cvALoYIKEG ekmounég (Ambient-based schemes).

N b N b N A N AN

Mewtd pétpa Paclopevo o€ €vo GUVOVOGHUO OTOUKOV KOl GUAAOYIKOV

eknoundv (Mixed-based schemes).

v" EBghovtikéc MéBodot.

AgdopéVOV TOV TANPOPOPLOKAOV OTOLTGEMY KOl OLVOTOTHTOV, Topovctdloviatl ot
EVOALOKTIKEG HOPPEG TTOL dUvaTOl Vo AGPEL TO €KAGTO HETPO TOAITIKNG, EVA OTOV
kabioctator dvvatdv yivoviol avaQopeés o€ OmTO TOPUOETYHOTO UETPOV TOATIKNG
mopéupoaonc. Téhog, extevig oavoeopd yivetoaw otig eBeloviikéc  peboddovg,
TPOTEWVOUEVEG Omd TNV okovopukn Piproypaeio g éva véo PETpo TePBOALOVTIKNG
TOMTIKNG Yo TV pLOUIoT TV eEMTEPIKOTNTOV TNG UN-CNUENKNG OUKOVOUIKNG

dpaoctnpomrag (Kepdiaro IT).

216y0c 00 A MéEpovug amoterel 1 Sopdpemon pG 660 T0 dVVOTOV GOPECTEPTG
EKOVAG NG 100TEPOTNTAS TOV TPOPANUATOV  AYPOTIKNG POTOVONG KOl TOV
EVOALOKTIKOV SUVOTOTTOV OAVIHETMTIONS QVTAV, OTMOC ALTEG dlopaivovtal amd v
ocuvaQn otkovopkn Piproypaeio. To yeyovog 6t 1 povielomoinomn tng aypoTiKNg

GLUTEPIPOPEG YiveTan 10ImG HECWH EKPPACEWMV, Ol 0TTOIEC VTTOOETOVV OTL O OTKOVOUIKEG
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povadec (aypdteg) viobetovv pio  PEATIGTOMOMTIKY  ovumePLPopd  (optimizing
behavior), avadewvier v peyaAn otmpién g tpéyxovcas Pipioypapioc oty
VdBeon g TANPOVS 0PBOAOYIKNG IKOVOTNTOG TTAPA TOV 1GXVPAOV EVOEIEEMY OTL O1
OKOVOLIKEG  HOoVAdeG Olakpivovtar oty mpdén ond menepacpévn opBoloyikn
wavotnTa emhoyns. Tnv ev Adym éddenym oty owkovopukn Bipioypapiog KaAeito

Vo KOAOWEL eV PHEPEL 1| ev Adym Adaktopikn Alatpifr] oto Mépog B.

To Mépoc B amotedel 10 Beopntikd pépog g mapovoag Awatpipng, to omnoio
amoptiletotl amd dVo TUNUATO. XTO OPYLKO, EICAYMYIKO TUNHO TOPOTIOETAL GUVOTTIKA
N évvoln G TEMEPAGUEVNS OpBOAOYIKNG KavotTag €mAOYNG kabdG Kot M
KoOiepopévn Bewpntikn £KEPOon HECH TNG OMOlNG HOVTEAOTOLEITAL 1) OLVOLIKN
UNTIKY GLUTEPLPOPE TV otkovopk®v povadwv (Tpnpa I). To de xvpro tunua

(Tpnqpe IT) Tov B Mépovug cuykpoteiton omd Tpelg axolovbeg Oempntikés epyocies:

Ke@aiao 1. "Ilgprifparirovtiki] POOpuion TV AypoTiK@V ApaoTnplotTiTtev:
Mo E€ehktikn) [Ipocséyyion"

Ke@aiao I1. "Movtelomoinoen TG AYPOTIKIG XOUTEPLPOPAS VA0 TO
KaBeotog tov Hapoyov g Kowvig Aypotiknig Iloirtukiyg
(KAII): Amotipnon tov Illeprporioviikov Ematocsmv km

™m¢ AmotereopoTikotntog TS otk g"

Kepadawo III.  “XLyedwaopdg evog EOchoviikod Anpociov Ilepipairiovrikod
[Mpoypdppatos Yy TNV AVTIHETOTION TG AYPOTIKNG
Nurpopvnavong: Mo EEehktikn Ilpocéyyion"

Kopo onueio avagopdc xor dopkd ABo towv ev Adym Bewpntikdv epyacidv
amotelobv: (0) ot eBehovticég pEBodoL, wg to vioBeToVUEVO PLOGTIKO TAOIGIO TV
TPOPANUATOV TNG AYPOTIKNG UN-CNUEKNG pOTTAVOTG, KaOMG Kat () n vmodBeomn tng
enePAcUEVNG OpOBOAOYIKNG KAVOTNTOG TV VO €EETAOT OIKOVOUKOV HOVAO®V,
ekppalopevng péow NG vmwodbeon TS SLVOUIKNG MUNTIKNG CLUTEPLPOPAS, MG TO
vioBetodpeVo avaAVTIKO A0 TV VIO OlEpelvNON TPOPANUATOV LUTN-CMUELOKNG

pouravonc. 'Exaotn tov epyacidv eotidalel otnv perétn evog StapopeTikol tediov g
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AYPOTIKNG OpaCTNPOTNTOS KOU TOAITIKNG TOPEUPOCNS OTO GLYKEKPUEVO TESTO

OpaCTNPLOTATOV.

Ewdwdtepa, 1o k60e kepdroro anoPAénet otnv:

Kepdlao I Avtimapdfeon  tov  kavéveov  TANPOLG  KOU  TETEPAGUEVNG
opBoroyikng wavdtrag emAoyng oty puduon  mpoPAnudTev
aypoTiKng TEPPAAAOVTIKIG  POTOVONG,  EMKEVIPOVOVTOG  GTO

TPOPAN O TG OYPOTIKTG VITPOPVTTAVOTC.

To npoOTo kepdahrowo efetalel ™V aypotikny Opoactnpdtnta Kot 1o mTPOPAN o
TPOGAOPIGHOD TOL emmédov €Aéyyov (monitoring effort) vmd 10 kobeoT®g TOV
nepoiroviikdy vmoypewoewv g Kowotikng Odnyiag vy tov €leyyo NG
vitpopuravens (91/676/EEC) katl tov evicyboemv tov de0tepov TuAdva TG Kotvig
Aypotunig IMoltikng ywoo v avémtuén g vraiBpov. Mehetd v paxpoypdvia
enidpaocn tov viobetovpEVOY, TOGO ATO TAEVPAS TOV VIO PUOUICT] OKOVOUIK®OV
HOVAO®V 0G0 KOl TOV EAEYKTIKOU (POPEN, OLOUPOPETIKMY KOVOVMV GLUTEPLPOPAS, GTO.
KivnTpo Yoo GUUUOPP®ON HE  VOUOBETIKG VTOJEKVLOUEVEG  TEPIPOAAOVTIKEG
GLUTEPLPOPES, VOGS VPV TANOVGLOD OLOOYEVAV OIKOVOUIKAOV HOVAS®V. AlTuTdVEL
TIg TPoVTOBETELS KAT® amd TIg omoieg kabioTatal emTedEN N TANPNS CLUUOPPOOT
tov TANBvopov, oto onueio g e€ehiktikd gvotabovg woppomiag. Télog, TOGO TO
mpoPAnua g avBaipetng (arbitrary) 6co kor PBEATIOTNG €MAOYNG TOL EMTESOL
EALEYXOV TPOEKTEIVETAL KL HE TNV OmOPACT Yo €MEVOLOT GE KEQAAOLO EAEYYOL

(monitoring capital).

Keodalaw II:  Avantoén (o) &vog €101Kov Bempntikod mhouciov amotipmong twv
TEPIPOALOVIIKAV EMIATOCEDV TOV SOPOP®V PLOGTIKOV EPYOAEiDV
kaBdg kot (f) Tov pNYoviopod TPOcIOPIGHOD TOV TOHTOV TMOV
Kowovikd Péitiotov (first best) puétpov mopepPatikng moOAMTIKNG,
EMIKEVIPMOVOVTOG OTO KLplo. €01 evioyvoewv ¢ Kootk

Aypotikng [Toartikng (KAIT).

To devTepo Ke@@AOL0 €0TIALEL OTNV HOVIEAOTTOINGT TNG AYPOTIKNG dPAGTNPLOTNTOG

VO TO YEVIKELUEVO KOOECTMG evioyLoemv Kot TePPoriroviikmv puvBuicemv g
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Awaxtopikn Atotpifin [Tavemothpio Kpr']mg~

Kowng Aypotwkng I[MoMtikng, 6mmg avtd ek@pdotnke pEG® TG HETOPPHOUIONG
“Atlévta 2000”. ATOGKOTEL GTNV ATOTIUNOT TOV TEPIPUAAOVIIKOV EMATOCEDV TOV
OEOpOV  KAOESTOTOV EVICYLGEWV TNG €V AOY® KOWOTIKNG MOMTIKNG OTNV
CLUTEPLPOPE EVOG TANOVGHOD OUOEWMV OIKOVOUIKADV LOVAOI®V, HEG® TNG GVYKPLONG
™G EMOPAONG TOV SAPOPOV VTOKADECTOTMV EVICYVUGEMY, TOPEYOUEVOV TOGO Omd
TOV TPAOTO TLADOVA YO TIG opyavdcelg kowvng ayopdag (CMOS - Common Markets
Organizations) 660 Kot Tov dg0TEPO TLAMVA Yo TNV avdnTuén g vraibpov (RD -
Rural Development), o1 mopayoylkés omOQACEL NG OVTITPOCOTEVTIKNG
OWKOVOUIKNG HovAdag ovesoptnTtog omd To vrotféuevo eminedo opBoLOyIKNg
wKavomtog. EmumAéov otoyedel oty amoTipnon NG OmOTEAEGUATIKOTNTOS TG
petappvOong Atlévtag 2000, 1660 PECHO TOV TPOCIOPIGUOD TOV KOWOVIKE
Bértiotov pétpov ™ Kowng Aypotikng IloMtikng vnd v vrndbeon 1660 NG
aneploplotng 0G0 Kol TEMEPAGUEVNS OpHOAOYIKNG KOVOTNTAG EMAOYNG TOV LTO
€EETOON OIKOVOUIKAOV HOVAO®VY. ZVYKEKPIUEVA, VIO TNV LIOBEST TG AMEPIOPIOTNG
0pBoAOYIKN G KavOTNTAG ATOTILOVVTOL TOGO TO GTATIKA OGO KOl OLVOUIKA KOWVOVIKE
Bértiota pétpa g Kowng Aypotwkng IloAitikng, eved vmd v vmdbeon g
nenepacuévng opBoroykng wovotntag mpoodopilovial 0 TOMOG TV EEEMKTIKA
SuVoIKOV  Kowvmvikd Bédtiotov pubuictikov pétpov. Télog, mpofaiver otnv
dwtdmwon Bécewv Yo T KOwmviKd BEATIOTN dpBpmon TG 0yPOTIKNG TOMTIKNG

g Kowomrag.

Keodalaw I11: Awopopewon  &vog  yevikod  Bewpntikov  mAaiciov  pvOuiong
npofAnudtwv OYPOTIKNG TEPPOALOVTIKNG pOTOVONC,

EMKEVTPMOVOVTAG GTO TPOPANLLO TS OYPOTIKNG VITPOPVTOVOTG.

To 1pito Ke@@LOO EMKEVIPOVETOL GTO OYEOACUO €VOG OMUOGLOL €BeAovTiKoD
neporiroviikod mpoypaupotog (public voluntary program) mov emdidkeEl TNV
€0elovTiK] TEPIKOT] TOGO TOV ATOUKAOV OGO Kol GUALOYIKOV VITPIKOV EKTOUTADV.
Eotualer ot pedétn g oopmeprpopds tov vad pvuduion gvpémg mAnbuouod tov
OLOLOYEVMV OIKOVOUK®MY HOVAO®MV OVOPOPIKE pe (o) To KIvITpoL Y100 GUUUETOYT OTO
ev Mym mpoypappa Kabdg Kot () ta kKivntpa Yoo GUUHOPP®ST OTIS TEPPAAAOVTIKESG
VTOJEIEELG aVTOV, VIO TNV TOPOLGia YPNYOpOV — apydv dvvapkav emthoyng (fast-

slow selection dynamics) 6Gov a@opd TV ¥POviKy AYn TOV &V AOY® OTOPACEMV.
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[IpoPaivel otv emonuavon TtV TAPAyOVIOV TOL OVVOVTal Vo GLUPAAOVY oTn
eEehktikn Proodmra (evolutionary sustainability) g ev Adym mepifaiioviicd
QIAKNG TOMTIKNG, KOOGS KOl 6TNV SOTOTOOT YEVIKMOV KOVOVOV OVOPOPIKA LE TNV
SWUOPPMOT TOL EAEYKTIKOL pnyoviopov (audit system) moh SwwceaAilovv v

enitevén tov emBopntoH GLAAOYIKOD TEPPAALOVTIKOD GTOYOV.

216y0c o0 Mépovc B amotehel M avddelEn TV OVCI®ODV EVVOIOAOYIK®V KOt
OOUIK®OV  SPOPAOV  OVALEGH OGTOV KOvOve, TANPOLG Kol UEPIKNG OpOBOAOYIKNG
wavomtog (Kepdahiawo 1), 1 anotipnon 1oV eMITOGE®V OVTOV GTNV LOKPOXPOVIN
GUUTEPLPOPE VOGS EVPEWS TANOVGLOD OHOIOYEVAOV OIKOVOLIK®V LOVAO®MV aVAPOPIKA
He TNV v100€TNoN 1N KN HLOG VTOSEIKVVOUEVTG TTEPIPOALOVTIKA PIAMKNG CUUTEPIPOPAS
(Kepaharo I) kabdg Kot 610 pnyavicpd Tpocdlopicroy TV puOLGTIKOV epYoAiEinv
oV SePaAilovy TV emitevén KOWOVIKE PBEATICTOV GLALOYIK®OV TTEPIPAALOVTIKAOV
otoyov (Kepdiawo II), xobodg xor ommv Sapopewon evog eEelktikd Prooipov
pLOOTIKOD Ko eAEYKTIKOV mAouciov Pacilopevov eE0AoKANpoL otV vdbeon g

duvapukd pypmtikng cvumepipopds (Kegdaioro IIT).
Téhog, oto Mépoc I' mapovstalovtal GUVORTIKG TO. CLUUTEPACUATO TG €V AOY®

Awotping, n GLVEIGPOPA VTG GTNV TPEYOLGA OIKOVOULKT PiAtoypaeio kabag kot

01 MOAVEG TPOEKTACELS TOV AVATTUYHEVTOV BE®PNTIKOV HOVTEAMV.
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EKTETAMENH XYNOYH
AIAAKTOPIKHX ATATPIBHX

Avopeifora ot oypoTkéG  dpacTNPOTNTEG  GLVOPALOVY  ATOPOUCICTIKG GTNV
dttpnon g POcOTNTOG Kot TG TOKIAOHOPPIag TNG VIAiBpov, TNG TOTOYPUPig
(landscape) kot Tov ydpov dwfiwone (habitants) tov dnedpwv Wd®V, Kabmg o
GUVEICQREPOVY  KOL OTNV  TPOCTACio. TOv gupvTEPOL  TEPIPAALovTog (ambient
environment). 261060 TEPAV TOV KATAYEYPOUUEVOV EVEPYETIKMV TEPPOALOVIIKOV
VINPECIOV, 0 Evpomaikdc aypotikdg Topéas eival cuvoederévog te o oepd omd

dvopevelg mepParioviikég emOpAcELs, ol omoieg cuvoyilovtal og eENg:

= Andieieg oty fromoikiiotnta kobwg kor otny Tomoypapia, opilducves oe
OpovS TOOO TOIKIAOUOPPIOS 000 KOl TOLOTHTOG,, KaOWS Kol cuppikvweon Twv

ONUOVTIKWDV YOPWYV OLOSIGHS TWV OLAPOPDYV EIOMV.

= ACQUKTIKES TIETELS OE QYPOTIKA GVOTHUATO. DYNANG PLOIKNS allag Kabw¢ Kol oe
TOPAOOCIAKES LLOPPES AYPOTIKHG OPATTHPIOTHTOS T TEPIOYES YOPOKTHPILOUEVES

w¢ oplaxég (marginal).

= Tlowotikn vrofabuion twv vOATIKWOYV TOPWV, TOD EOAPOVS KL AEPAL.

Tétowng @Ooewg mpoPAnuate POTOVONG, CYPOTIKNG TPOEAELSEWS, €lval AppnKTa
cuvoedgpéva e TNV TTapotnpovpevn apefatdotnta, amd mTAevpds evog Tpitov popéa,
AVOQOPIKA LE (0) TNV TOVTOTNTO TOV PUTAVTAOV Kot () TNV cuvelspopd ékactov €€

OQVTOV 6TO GLVOMKO emimedo pumtavong. H ev Adyw afefartdotnta amoppéet 1diwg amo:

= T otoyootikég 01001KAGIEG TOV AGKOVV EMPPOES GTNV TOPOY®YN, TOpEia

KOl LETAPOPEA TOV PUTMOV.

H petapintémra t1ov uoikdv S1a0tkactdv (Kopikd eavopeva, toroloyia) site
Kot 1 teYvoAoyky afePardtnta (BAAPeg oTOV €EOMAMGUO, SOKLUAVOELS GTNV
TOLOTNTO TOV EIGPOMV) TPOGOHIdOVV CTOYOCTIKA YOPOKTINPIOTIKA OTIS EKTOUITES

pOTOV.
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—  To moAlamAd 0plOud TOV OTATIKOV TNYOV EKTOUTNG POTOV KOl OTNV

yopota&ikn didyvon g atopkng puravong (diffuse).

O mpoodoplopdg TG evromdTnTag NG pOvTavong dev Kabiotator dvvatdc e
BePparotnta kabmg o1 puravtég etvar ToAvap1Bol Kol S10CKOPTIGUEVOL GTO YMPO,
EVD Ol 0E ATOMKEG EKTOUTEG QVTAV SLOYEOVTOL YPTYOPU GTO YDPO GUVTEAMVTAG

otV POTAVON TOAALATAGDY YEOYPAPIK®OV {OVDV.

—  Tnv advvapia Tov puBuot (regulator) vo mapatnpNRoeL GUECH TIC ATOMUIKES
EKTOUTTEG POTWV €T VO AMOTIUNOEL AVTEG EUUESO HECH TOV EMIMESOV TNG

GUVOAIKTG pOTTAVONG 1] TV YPNCLLOTOLOVUEVOV EIGPODV.

H advvapio pétpnong Kot EAEYY0L TOV OTOUK®OV EKTOUTMOV 0modideTon €T 0€
VOUKOUG 1 XPNUOTOSOTIKOVG TEPLOPIGUOVS. To KOGTOC NG EAEYKTIKNG
TEYVOLOYIOG, TO TEPLOPICUEVO  EAEYKTIKO TPOCHOTIKO KoOMG Kot Ot
TANPOPOPLOKES OGVUUETPIEG GUVTEAODV OTNV TEPLOPIGUEVT] TTANPOPOPNOT TOV
pLOOTN OVOQEOPIKE HE TO UIKPOOIWKOVOUIKO oTpatnyiKd mepiBdAiov twv

OTOLUK®OV PLUTOVIOV.

Bdoet tov avotépm ot atopukéc ekmopmég Ogv duvatal Vo amoTiumBovv kot
avopeifoia Ta TPOPARUATO AYPOTIKNG POTOVONG KATOTAGGOVTIOL GTNV KATNYOPio TM™V
TPoPANUATOV  UN-ONUEWKNG  pUTTOVONG, YEYOVOG mov  Bétel  a&loonpeimwtong
TEPLOPICUOVE OTO €VPOC TOV SVVNTIKA SOOECIUMOV aypO-TEPIPOALOVTIKOV UETPWV
TOMTIKNG pOOUIONG KOOADG Kol OTNV  OTOTEAEGUOTIKOTITO OPKETOV €K TOV

EVOTOUEWVOVC DV ETIAOYDOV.

Av kol n moMtikn mapéuPacn OtkatoAoysitar TANP®G amd TNV omotuyic NG
AVIOYOVIOTIKNG, Un-puOulopevne (unregulated) ayopds va empépel v vioBétnon
NG KOW®VIKG BEATIOTNG cuumepLpopds, Kabiepopéva epyareio TOMTIKNG - OT®S Ot
[TryovPravoi (Pigouvian) @Opot, eumopevolpes Adeleg Kol To Oplo  0mdd0omng
(performance standards) - kpivovtot avemopkn vo XEPLoTOVV ATOTEAEGUATIKG TETOLG
@OoEMG TPOPANUATO POTOVOTG. ZVVETMG, O TOMTIKOG GYEOOUOG EMKEVIPDOVETAL GE
epyoireio mov eoTAlovV GE GALD YVOPIGHOTO TOV UN-CNUEWK®OV TpoPAnpdtov, tao
omol0L Kot EVOEYETOL VO EIVOL TTOPOATNPNOULA, OTMG EIvaL Ol EMAOYEG TV OIKOVOUIK®OV
povédwv (pétpa Pacillopeva ot €16posg) kabmdg Kot o1 cuvémeleg avtov (LEtpa
Bac1lopeva oTIg GLVOMKES EKTOUTEG).
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Xmv ovvaen otkovoukn Biprloypapio evtomiletor mAeldda eVOAAAKTIKOV HeBOSwV
TOMTIKNG pOOUIONC TV TPOPANUATOV TEPIPAALOVTIKNG UN-ONUEOKNG pOTTAVONC, Ot

omoieg cuvoyilovTol OTIg KATMTEP® KATNYOPIES:

v PuOpuicelc PACEL TOV OTOUIKOV EKTOUTMV.

Av kol pétpa PacilOpevo OTIS OTOUIKEG EKTOUTEG pOTWV Oev €lval gVPEMG
dwdopéva otV Tpdsn, amotehovy TV PAcN Yo TOV GYEOIAGUO EVUALUKTIKAOV
epyodreiov moMtiknig. H yprion tov &v Adyw epyolieiov moAtikng Kabictotot
duvatn OmoTE €ivol EPIKTH 1 GUECT] TOPATNPNON TMOV ATOUIKAOV EKTOUTAOV EITE

otov dvvaToL 1 EUUECT) OTTOTIUN O VTMOV UE GYETIKY akpifeta.
v PuBuiceig Bacel Tmv €16pomV.

2V mpdEn ot aTopKEG EKTOUTEG POTOV EV EIVOL AUECH TOPATIPTOLLES, YEYOVOGS
OV KOOOTA TPOKTIKG avEPIKTO TA TPoovapepBivta puBuicTikd pétpa. Ztnv
mpokeipevn mepinTmon N pOOOT TOV EKTOUTOV POTOV EMITLUYYAVETAL EUUECA
HEG® TOL EAEYYOV TOV TAPAYMOYIKAOV ETIAOYDV, TOV EIGPONDYV TOL GLUPAAOVY gite
OTNV TOPAY®YN TNG OYPOTIKNG Un-onpelokng pomovong (productive / polluting

inputs) gite oV mepkon avig (abating inputs).
v PuOpiceig Pacel Tov TopayOUEVOL TPOIOVTOC.

Tnv Bdon yio Tov 6YEO10CUO TOAMTIK®OV TOPEUPACNC OMOTELEL TO AMOTEAECAL TG
TOPAYOYIKNG O0KAGING TO OMOl0 KOl GULVOPAUEL GUECO GTNV TOPOYOUEVT

pOTavon.
v PuOuiceig Bacel Tmv GLALOYIKOV EKTOUTOV.

2TV 0movGio TANPOPOPNONG AVUPOPIKA TOGO LE TIG EKTOUTEG PUT®V OGO KoL LE
TIC TOPAYOYIKEG EMAOYEG EKAOTNG OUKOVOULKTG HOVADOGS, Ol pPLOUIGTIKEG TOAITUKEG
otmpilovtol 6T EMIMESN TWV GLVOMK®V EKTOUTAOV POT®V, TO. OTTOiol Kol lval €lte
opatd M ovvatol vo ektiundovv oe cvykekpuéva onpeto vrodoyng (receptor

point) pe Aoyikd KO6GTOC.

v PuOpiceic Pacel evOg GLVOVOGHOD ATOUIKMV KOl GOALOYIK®OV EKTOUTMV.
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XV TPOKEINEVT KOTNYOPid, TOV UEKTOV HETPMOV TOMTIKNG, TN Pdon vy Tov
OYEOWOUO  EVOALOKTIKOV — TOPEUPATIKOV — €pYOAEi®V  OmOTEAOVY TOGO Ol

GLALOYIKEG OGO KOl Ol OATOMKEG EKTOUTEG PUTMV.

v PuOuiceic péow bshovtikdv nedodwv (Voluntary Approaches).

Av ko apywd m mepPorioviikny moATiKN oTtnpixdnke o€ PETPO. EVTOANG-KOL-
eréyyov (command-and-control), kaBd¢ kot og kivntpa Pacilopeva otV ayopd
(market-based incentives), To UN-ONUEWKAE YOPOKINPIOTIKA TNG OYPOTIKNG
pOTAVONG KATEGTNOAV avaykoio TNV SOUOpe®MOTN VEOV TOMTIKGOV TapEUPacnc.
Tnv televtaio oekoetio moapatnpeiton po oEloonUeiwT) OTPOEN TPOS TIG
Aeyoueveg ebelovtikés Lebodovs, €va véo epyaielo TOMTIKNG, YPTCLLOTOIOVUEVO
evpéwg otic Kowvotikég aypotikéc moAtikéc. To ev Ady®m HETPO TOMTIKNG
Bewpeitor CLUTANPOUOTIKO €PYOAEID Kol OYl LTOKATACTOTO TOL GLUPOTIKOV
GUGTNOTOG TOAMTIKOV KOOMG cuvdvdlel 1660 €0glovTikd OGO KOl VTOYPEMTIKA
otolyela (mandatory) — 6mwg Optlo. 6TV YPNON EIGPOADYV, POPOVS GTIG CLAAOYIKEG
exmounés KtA. Booiletor oe éva véo €ldoc aAAniemidopaocmg avapeso otnv
PLOOTIKN apyn Kot TIG LTO PLOUIGT OKOVOUIKES HOVAdES, OTov 1 eBelovTikn
ocuoppovio avdpeco ot eumAekopevo pépn amoteAel v Pdon yw TV
OVTETMOMION TPOPANUATOV UN-CMUENKNG pOTTAVOTG, OTmG elval T0 TPOPANLQ
™G aypotTikng vitpopbvmavone. Kpivetor g oxetikd poe wo “fNmie’” popen
pvOIoNG dedopéveV TEPIPOALOVTIKOV TpoPAnudtoy, Kabmg uropel va eivar mo
gupelo KoL TEPLYPAPIKN €V GLYKPIGEL LLE TIG VITOYPEMTIKEG PLOUUGELS, EVD TTapEYEL

d€ TN duvaTOHTNTA Y10 LELWUEVO KOGTT GUUUOPPMOOTG.

Me 1ov 0po “Ebcioviicec MéBoool” avapepdpacte og pua oelpd and "ocopcvoeic
OO TAEVPAS TWV OIKOVOUIKDV LOVEOWY 1 PIOUNYAVIKDY TOUEDY (Sectors) Yia TV
Peltiwon e wepifoiloviikie emiooonc avtaov'. Ymapyovv mowkila kpitiplo Bacet
TOV OMOI®wV UTOpPOovV Vo dopoportotnBovv ta ev Ady®m PETPO TOALTIKNG, ®GTOCO M
emkpatéotepn taSvounon ompiletor oto Pabud  mapepPatikdOTNTAS  TOL
onuociov @opéa. Xwnv mpokeipevn mepimtmon ot ebeloviikég  péBodot
dwakpivovton og: (o) povouepeig doecpevoelg (unilateral agreements), () dnuocia
ebedovtikd mpoypappata (public voluntary programs) Kot () StomparylotedGIUEG
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ovppmvieg (negotiated agreements). IIépav tovTOL Ol €Bgloviikég péBodot
dvvaton va. dtakplBovv meportépm Paoel Tov vIoKvNTR TG TEPPAAAOVTIKNG
dpdong (initiator), Tov Paduov gpPdbBvvong Tov TPOYPAUUATOS GE AETTOUEPELES,

™V OTopén N U VOUIK®OV SIKAEIS®V, TOV TOTO KUPDOGEWV KTA.

Av ko evromileTon MAELAON EPELVNTIKOV EPYOCI®OV OTO Tedio NG pvOUIONG un-
ONUEWKNG QUOEDS TEPIPUALOVIIKMOV TPOPANUATOV, 1 OVOGKOTNGY TNG GUVAPOVG
owovokng PipAoypagiag avédelle 1oyvpn €£0PTNOT TOV AVOALTIKOD TANGIOL TOV
ev AMOy® TOTOL TTPOPANUATOV POTTAVONG GTNV VIOBEST) TNG TANPOVG - OTEPLOPLOTNG
opforoyikoTnTag  1KOVOTNTOG EMAOYNG KOU  GULVERMS oty vbmobeon g
BeATIOTOTOMTIKNG  CLUTEPLPOPAS TV VIO  €EETAOT  OIKOVOUIK®MY  LOVAOMV.
2UYKEKPIUEVO, Ol VIO-pUBLIGT OWOVOUIKES povades petayewpilovror "oav va"
KATEYOVV GUVELINTA OAN TNV AmoPaiTNTN YVOON KAB®DS KOl TIG IKOVOTNTES EKEIVES TOV
TOVG  EMTPEMOLY VO AMOTIUNGOVY  OAeg TG TIOOVEC  EVOAAOKTIKEG  EMAOYEC
(oTpaTNyIKEG), VO EMAVCOVV Eva TOAOTAOKO TTPOPANLA amd d10popIKeS EE1I0MGELS Yl

Vo eVTOTicoLV TNV €MA0YN ekelv (oTpatnyIKn) oV PEATIGTOMOEL TNV OVTIKEWEVIKN

TOVLG GLVAPTNON.

v Tpdén OU®G M TOGOTNTA TG TANPOPOPNONG OV SVVATOL VO KOTEYOVV KOl VoL
eneEepyactovv ot puOlopeveG OKOVOIKEG Hovadeg tval memepacpévn. Méow g
AAANAETIOPOONG TOVG GTO YPOVO 01 HOVAdEG pobaivouv, ppobvtot Kot Tpocappolovy
TNV  CLUTEPIPOPE TOVG OTI OTPATNYIKEG TOV AOW®OV HOVAd®mV Pdacel NG
TANPOPOPNONG OV  OMOKOAVTTETAL.  XTPATNYIKEG TOL  EMPEPOVY  VYNAOTEPEC
amoloBég d1adidovTol EvIOg Tov TANOVGLOD TV OTKOVOMK®MV LOVAO®V €1G BAPOS TMV
MyOTEPO EMTUYNUEVOV OTPATNYIKGV. Ta SUVOUIKG GLGTALOTO TOV YPTCLLOTOLOVVTOL
eVPEMG YL TNV TEPLYPOPT TETOWOL €100Vg “Holikdv dpdoemv”’, givor To PIUNTIKA
Svvopkd povtéda. QoTd60, TEPLOPICUEVO EIVAL TO EVPOC TOV EPEVVITIKDOV EPYUCIOV
mov Paociletor oty vmdBeon G mEmEPAGUEVNG OpHOAOYIKNG KavOTNTOG KO
petayepiCovrot T1g v AOy® EKPPAGELG.

Ev cuvtopio, n avackomnon g owovoutkng Piproypaeiog oto medio g puduong
npofAnpdtev TePPAALOVTIIKNAG UN-ONUEWKNG POTOVOTG 0vEdELEe 1oyvpn e&apTnon
avtg: (o) og éva avolutikd mhaicto mov Paciletor omnv vwoddeon g TANPOLG

opforoyIKOTNTOG KOVOTNTOS KOl TNG PEATIGTOMOMNTIKNG GLUTEPLPOPAS TOV VO
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)

eE€toon OwovVOHIK®OV povadwv, Kabng kot () oe éva puBuotikd mwAoiclo Tov

Baciletoan eni 10 mAeiotov oe pétpo evioAng-kat-eAéyyov. Ileplopiopévo givor to

€0pog ™S cvvaPovs PipAoypapiag, To omoio Tpooceyyilel To TPOPANUO TNG AYPOTIKNG

UN-CNUELOKNG pOTTAVONG HEGH TOL PLOUIGTIKOD TAOLGIOV TV £0EAOVTIKOV HEBOI®V

G€ GLVOVACUO UE TO EVOALUKTIKO KOL AYOTEPO OOEOUEVO AVAAVTIKO TAOIGLO TNG

TENEPACUEVT] OPHOAOYIKT IKOVOTNTO ETAOYNG,.

Agdopévng g avoTépm Tapatnpnong 1 tapovca Awaktopikn Awatpin eotialet:

=

Yt ebehoviicég pebooovs, €wg éva eVOAAOKTIKO puOUGTIKO epyaleio
TOMTIKYG Y10 TNV OVTILETOMTICT TOV TPOPANUATOV 0yPOTIKNG UN-CMUEIOKTG
pOTAVONG, G€ CLVOLOCUO HE VO IUNTIKG OLVOUIKO TA0IC0, €0¢ pa
EVOALOKTIKY] péB0d0 avdAvong Kot TPOGEYYIoNG TV  TPOPANUATOV

OYPOTIKNG UN-CTMUELOKNS POTOVONG,.

rondc e Alatping amotedel 1 evasyoAnon He Ta okoAovOa Cntuato:

=

ATOTiUMoN NG OMOTEAECUATIKOTNTAG LROPKTOV ONUociov efeloviik®mv
TEPIPOALOVIIKAOV  TPOYPAUUATOV, OTOKAEIGTIKO CYEOUCUEVOV YO TOV
aypotikd Topéa, Omwg avtd meprypagovior omd v Kowotikrp Odnyia
(91/676/EEC) y10. TNV OVTILETOTION TG VITPOPVTOVOTG KAOMDS Kol TIC KOPLEG
petappviuiceg e Kowng Aypotuikng IoAtikng, dwapopembeioeg amd v
Evponaikn Enttporn péow g petappvbuiong Atlévra 2000.

Amotiunon g SuvoKng TEPPUAAOVTIKNG GUUTEPLPOPES EVOC vpl, VIO
pOOIoN TANOBLGHOD OUOLOYEVADV OTKOVOLK®MY HOVAd®V, HEGH TNG £E£TOONG
TOL TPOPANUATOC TOV KOWMVIKOV pLOUIGTY| Yol TNV EMIAOYT TOV EMTEOOV
eEMEYYOV KOl EAEYKTIKOD KePOAoiov, Omov M  Oe&aymdpevn oavaivon
ompiletar otig avtitifépeves VIOBEGEIS TG TANPOLS KOl TETEPUGUEVG

opBoLOYIKNG KavOHTNTAG ETAOYNG TOV VIO EEETACT] OIKOVOUIKMY HOVAI®V.

[Teprypapn tov pNYOVIGHOV €mAOYNG TOV PBEATIOTOV UETPOV TOATIKNG

pOOuIoNg Vtd 10 TAAicLO NG PEATIGTOMOMNTIKNG KOl EEEAKTIKG LUIUNTIKNG

GULUTTEPLPOPAC.
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=  Awrtdnowon mpotdoewv Yo Tov opbd oxedOCoUO TOCO €VOG OMNUOGIOL
efeloviikoy mePPailoviikod TPOYPAUUATOS OCO KOl TOL EAEYKTIKOV

UNYXAVIG LoD 0VTOV.

Yuykekplpuéva  £KooTo €K TV Kepoiaiov tov B Mépoug g Awtpipng

dwmpaypatevdnke ta akolovba (ntuata:

Kegdararo I:
“Ileprparrovtiki] POOpion TOV AypoTIKOV APpacTNPLlOoTTOV:

Mo E€ehktikn Ipooséyyion”

To Kepahoro I eotidlel o éva dnpocto 0eAovtikd mpdypapipia, To omoio cuvovdlet
ototyela amd v Kowotiky Odnyio yioo TV OVTIUETOTION NG VITPOPVTTAVONG
(91/676/EEC) xobmg kot to aypO-meptPaAlovIiKd TPOYPAUUATO TOV OEVTEPO TLADVA
mg Kowng Aypotikrg moMrtikng (KAII). Emikevipdvetor o6tov €VIOMICUO TV
TOOVOV EMNTOCE®V, MOV EMPEPEL 1 EIGAYMYN TEPLOPICUAOV GTO EMIMESO TNG
0pBOLOYIKNG IKOVOTNTOG EMAOYNG TV VIO €EETAGT OIKOVOUIK®Y HOVAS®V (aypOTES),
OT0  HOKpOYpOVIe, Kivntpa ToL TANOLGHOD CVTMOV Y0 GUUUOPPMOOT HE VOUIKY
Oeomopéveg mepiParroviikés amoutnoelc. H aviumapdBeon g mepioiiovikd
QIMKNG OLVOLIKNG CLUTEPLPOPAS EVOG TANOBVGLOD OLOIOYEVAOV OTKOVOUIKOV LOVAO®V
VIO TI§ avTITfépEVEG VITOBECELS aVOPOPIKA HE TNV 0pBOLOYIKY tKOVOTNTO ETAOYN
TOV HEADV avTtov, kabiotatal emtedsyn pécm Tov TPOPAUOTOS EVOG KOVMVIKOD
puOe™ Yoo v avbaipetn (arbitrary) kot BEATIOTN EMAOYNG TOV EMTEIOL EAEYYOV
(monitoring effort). Ev 1ékel 10 ev A0y mpoPfAnpa g avbaipeng kot BEATIGTNG
EMAOYNG TPOEKTEIVETOL KOl UE TNV omdOPACN Yo €XEVOLOT O KEPAANLO EAEYYOVL

(monitoring capital).

Y76 1o Bewpodpevo puOuioTIKd TA0iG10, aSlOVETOL OO £KOGTN OIKOVOLIKT LOVAdQ O
TEPLOPIGHOG NG YPNOoNG almTobymv Mmacpdtov £wg éva mtpokadopiopuévo eminedo,
evd ovvapo mpoPAEmeTal N mapoy] EMOOTNONG avd povada €6pong aldTov TTov
TEPIKOTTETOL TEPQ TOV TPOTEWVOUEVOL 0Piov. AV KO 1] CUUUOPPMOT] LUE TO OAVAOTEP®
VOUKG OeomIGUEVO OPlo aTOO00TG EVEXEL ATMOAEIEC GE OPOVLS KEPAOLG, 1N €V AOY®

ua pmopet va amo@evyBel. ASOUEVOD TOV UN-CTUEWKOD YOPAKTAPO TNG OLYPOTIKNG
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VITPOPUTTOVONG, Ol OTOUIKEG TOPOYMOYIKEG OTOPACEL UEHOVOUEVOV OTKOVOUIK®OV
povadwv pmopet va tapapeivovv un-ropotnpicyes yio £va tpito opéa (pubuiot).
2NV TPOKEEVN TTEPIMTOOT eivar emKePIES Vi TIG €V AdY® HOVAdES Vo amoKAivovv
TOV TEPIPAALOVTIKOV VIOYPEDGEDV TOVG (UN-CUUUOPP®ON) Kot vo. AdPovv ev Télel
vyNAGTEPES ATOAUPES EV GLYKPIGEL TOV OIKOVOUIKAOV LOVAI®MY TOV GUUUOPPDVOVTOL.
Qct000, Ol OIKOVOUIKEG HOVAdES elvar eviuepeg OTL av U TETOOG (QUGEMG
nopafatiky copmepipopd (deviating) eviomicOel 10te mpoPAéneton N emiBoAn €vog
OLUVOAOL TOWMV, EVEPYEIDL TOV KOTOTAGGEL TIC OMOKAIvOLsEG OO TO GTOHYO
OIKOVOUIKEG LOVAOES GE WELOVEKTIKN B€0m, 68 Opovg amoAaPdv. LVVET®S, £KOOTN
povaoda opeidel va AAPeL LTOYN TNV EMNTMOOT TOV EAEYKTIKOD LUNYOVIGLOD GTNV dOUN
TOV amoAafdV KOTA TNV amOQAcT OVTNG Vo amokAivel 1| Oyt Tov BeopoBenuévov

TEPPAALOVTIKDOV VTOYPEDCEWDV.

T6co 10 €0pOc TOL VAOTOWOVUEVOL EMITEOVL €AEYYOVL, OCO KoL 1M ovtidnym
(perception) TtV VIO-pOOUICT] OIKOVOUIKAV HOVAI®V OVOQOPIKE pe TNV emidpoom
aLTOV GTNV OOUN TOV OTOAAPDOV, SOUOPPOVEL TNV TEAKY| ATOTELECUATIKOTNTO TOV
eEetaldpevou puOoTiKoh TAAIGIOV VO LITOKIVIGEL EMOPKN KIvITpa Y10 GOUUOPPMOT
LE TNV LTOOEIKVVOUEVT] TEPIPAALOVTIKT] CUUTEPIPOPE GTOV gVPVHTEPO, VIO PHOUION
TAnBvoud. Avaroya pe 10 VIOTIOENEVO EMiTed0 0pOOAOYIKNG KOVOTNTAG EMAOYNG, Ol
OIKOVOHIKEG LOVAdES V10BeTOVVY gite €va PEATIOTOTOMTIKO N €val LUNTIKO, TOONTIKO
KOVOVA GUUTEPIPOPES TPOKELUEVOD VO roPovOoV KaTd TOCOV £lval ETKEPOEG N Ot
VoL EVeTEPVICHOVY TNV GTPATNYIKT) TOV GLVETAYETAL GUUUOPPOGCT LLE TO TPOTEWVOUEVO

TEPLOPIGUO GTNV YPNOT EIGPODY alDTOV.

Av Bewpnbei 011 o1 owovopkég povaoeg olaxpivovion amd wANPN opbHoAioykn
KavOTNTOL EMAOYNG, TOTE OVTEC CLUTEPLPEPOVTOL “‘Gav Vo KOTEYOLV TEAELO
TANPOPOPNON OVAPOPIKE LE TNV EMMTOGN TOL EAEYKTIKOD UNYAVIGUOV GTNV OOUN
TOV OmOd0YdV, YEYOVOG MOV TOLG EMITPEMEL VO, EMAEEOLV TNV OATOUIKY TOVG
otpatnyikny pe éva PBértioto Tpomo. Avtifétme, edv Bewpnbel O6TL o1 orkovopkég
povaodeg £xovv mePLOPIOUEVT TPOSPacn otV TANPOEOPNOY TOTE N OmdPOo,
aVOQOPIKA HE TNV GLUUUOPP®ON M Oyt pHe TG mePPaAloviikég VTOdeiEelg Tov
TPOYPAUUOTOS, OTNPILETOL GTNV TPOCMOAIKY] TOLG OVTIANYTM Yoo TNV EMIOPOGCT TOL
EAEYKTIKOD UNYOVIGHOV otV Oopn TV oamoiofdv. Agdopévov, ®cTOCO, OTL Ol
OIKOVOUIKEG HOVAOES OAANAEMIOPOVV KATA TNV OPKE TOV YPOVOL, 1N €V AOY®
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amoeact ovvatal vo ovoarposaproctel avdioya e 10 €100G TG TANPOPOPNONG TOV
arokaAvrteTat. 'Evag t€1010¢ mantikodg tpoémoc AMymg anopdcewv, Paciletor otnv
pipnon g otpatnyikng ekeivng mov emeépel TV vynAdtepn omddoon Kot
povteAomoleitol  UEG® TOL  SUVOIKG  HUNTIKOD  KOvOVo. ZOUG®VO  LE  TOV
mpoavapepBévta kKavova, to pepidlo (share) tov mo emtvy®v, oe 6povg amorafv,
dpactnpoTtev otodlokd ovéavel oto mAnBvoud g Papog TV Aydtepo
EMTUYNUEVOV  OIKOVOLUK®OV HOVAd®V, TO UEPIO0 TV OMOIV GUPPIKVAOVETOL

oTaoaKdA.

To péyeBog (magnitude) tov vVAOTOOVHEVOL emTEOOL €AEYYXOL (KOOMG Kol NG
EMEVOVONG G EAEYKTIKO KEPGAO0) emdéyetan gite (o) pe avbaipeto TpdmoO Ploel TV
V10OETOVUEVOV OO TIG OIKOVOUIKES MOVAOES EVOAAOKTIKMOV KOl OVTIKPOVOUEVOV
KavOvav opBoroyikng cvumepipopds, €ite (P) pe éva PBértioto TpoOmo pEGH TNG
elaytotomoinong evog kptnpiov KOW®VIKOL KOGTOLG VIO TOV TEPLOPICUO TMOV
KavOvemv TANPOVG 1 TEMEPAGUEVNG OpBOAOYIKNG wavotnTag emAoyns. Mécm tov
TPoavaPePOBEVTOS ovaAVTIKOD TANGIOL JlmpaylaTteloVTIOL TO, KPLTHPLOL EMAOYNG
eketvov tov emumédov eAéyyov (kabmdg Kol Tov EMITEIOL EMEVOLONG OE EAEYKTIKO
KEQAAO10) OV TopaKIveEL Eva gvph TANOVOUO OUOEWMY OIKOVOUIKDOV HOVAO®OV VO
SLUHOPPWPBel otV pakpoypdvia TEPi0d0 LE TNV LTOSEKVLOUEVT TEPPAALOVTIKT
ocoumepupopd. Xvvauo Kabiototor dvvary 1 obYKpon  TOL  pePdiov TV
ouppopewbéviov (compliant) otkovopk®v HovAdwV, OTOC 0VTO OVOKOTTEL GTO
onNUEio TNG LAKPOYPOVIOS 1GOPPOTIAG, VIO TIG EVOALAKTIKES VTOOEGELS OVOPOPIKE e
(00) Tov Babuo opBoroyikdtnrag kat () Tov unyovicpud emAOYNG TOV OeE0yOUEVOV

eELEYY V.

Amd Vv avdivon avékoye 0Tt aveEoptnTomg ond Bempoduevo eminedo opBoroyikng
KOVOTNTOG EMAOYNG, €QV TO emimedo eAyyov emheyBel pe avbaipeto tpodmo TOTE O
TnBvoudg TV LVTO-pHOON OKOVOUIKOV HOVAO®V VIOBETEL o LOVOUOPQIKY
CLUTEPLPOPAE, 1) OTolo KOl CLUVETAYETOL €ite TANPN cvppdpewon (full compliance) 1
UNOeVIKY]  ocuppdpemon (non compliance) pe T Vvopkd Oecpobetnuéveg
neplParloviikég vrmoypewoelc. Ta v emitevén tOL  GTOYOL TG  TANPOVG
CUUUOPP®ONG, TOCO VIO TOV PEATICTOTOMTIKO OGO KOU TOV HUNTIKO Kovova
GUUTEPIPOPEGS, TO VAOTOLOVUEVO EMIMEDO EAEYYOL TPEMEL Vo, drotnpeiton apetdfAnto
(fixed) oto ¥pdvo KaOOC Katl va Tebel peyaAdTEPO md TNV KPLTIKY| T Tov BETEL TIg
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Awaxtopikn Atotpifin [Tavemothpio Kpr']mg‘“
OIKOVOUIKEG HOVAOES OOLAPOPES OVAREGO OTNV CTPOTNYIKN] GLUUOPO®MONG Kot
anokhong (mapoafatikny otpatnykn). H povn dwpopomoinon ovapueso otovg 600
Kavoveg opBoloykng wovotnTag elvar m Ypovikn emitevén g emBvpOVUEVNG
HOKPOYPOVIOG GUUTEPLPOPAG. LTV HEV TEPIMTOON TNG TANPOLS 0pBOAOYIKOTNTOGC
emruyydveror dupeon ovykAon oto emBountd onueio woppomiog, evd oty O¢
TEPIMTOON NG TMEMEPASUEVIS 0pBOAOYIKOTNTOG VIAPYEL OTAOOKY] GUYKAIGN O©TO

ONUELD TAPOVS GLUUOPPOOTG.

AlpopoToinen TOPATNPEITOL GTNV HOKPOYPOVIO GUUTEPIPOPE TOV VTO-eETaom
TANBLoUOV, OTNV TEPITTOGN OV TO VAOTOLOVUEVO EMIMESD EAEYYOVL EMALYETOL UE
Bértioto tpoOmo. H Avon tov ovpPoticod mpoPAnpatog Pertictomoinong vmd to
Kkafepopévo Teplopiopd Tov Kavova TG TANPoVS 0pBOAOYIKNG IKOVOTNTOS ETAOYNG,
GUVETAYETOL OM®G Kol avotép® v vwobétmon poag Eekdbopa HOVOLOPPIKNG
CLUTEPLPOPEG amd TAeVPAg Tov pLOLopevoy TAnBvouoD. QoTds0 dTaV TO KPLTHPLo
KOW®VIKNG ELNUEPTLOG EAUYIGTOTTOLEITOL VIO TOV TEPLOPIGUO TOV SLVOUIKE LU TIKOD
KavOVo, CUUTEPLPOPAS, TOTE TO EEAMKTIKA €VOTAOEG onueio woppomiog diémetan gite
oo U0 LOVOLOPPIKT 1] TOAVHOPPIKT) COUTEPLPOPA TOV TANBVGLOV. ZTNV TPOKEUEVN
TEPIMTOON 1] TOAVHOPPIKT] CUUTEPIPOPE GLVETAYETAL UEPIKT SLUUOpemon (partial
compliance) Tov TANOVGOV e TIC TEPIPAAAOVTIKEG VTOYPEMGELS KOl 1| GOYKALIGT GTO
ev Mdyo onpeio ooppomiog eSaptdton wwitepo amd TIC apyIKEG GLVONKES TOV

TPOPANLLOTOG.

Téhog, 10 TPOPANUO €MAOYNG EAEYXOVL eUMAOLTIOONKE KOl pE TNV ATOGOCT Yo
EMEVOLON GE KEQPAANLO EAEYYOV, OOV AVAAVGOT eV aVEDEIEE 1010TEPES TPOTOTOU|OELG
o1 OVVOUIKT ovumeprpopd Tov Vo eE€taon mAnBuouoh ev cvykpicel pe To
wpoavapepOévta amotelécpata. To avatépm 0dNyoHV 6TO ACPUAEG CUUTEPAGLO OTL
o kivnpa Yoo ovpupOpE®MCYN  HE  VOUIKA  LTOOEKVLOUEVES TEPIPAALOVTIKEG
CLUTEPLPOPEG €VOG VO pLOUIoT TANBLGHOL 7oL amapTiletal omd OUOI0YEVELS
OIKOVOUIKEG POVAOES, emnpealovtol TOGO (1) amd ToV Kavova ETAOYNG TOV ETITEOOD
elEyyov KaBMG Ko EmMEVOLONG OE EAEYKTIKO KeQAAoo, 000 kot () amd Tov
V100ETOVUEVO EVOAAOKTIKO KOL OVTIKPOVOUEVO KAVOVO GUUTEPLPOPAS OVOPOPIKA LE
T0 Oewpovpevo emimedo OpPOBOAOYIKNG 1KOVOTNTOG EMAOYNG TOV  VIO-£E€TO0N

OKOVOUIKAOV HOVAIM®V.
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Awaxtopikn Atotpifin [Tavemothpio Kpr']mg~

H cvveicpopd g ev AMdym epeuvnTikng epyaciog EYKEIToL 6TO YEYOVOG OTL

v AvtimapoBdiier v kabiepopévn vroddeon g TARpovg opBoloyikdTnTog
KOl TNV GYETIKA MO PEAAOTIKY] LIOBeon TG TemEPASUEVNS 0pBOAOYIKNG
KovOTNTAG EMAOYNG, OTMG OVTH EKPPALETAL HECH TOV SLVOLUKE PIUNTIKOV
LOVTEA®V, HECH TNG OMOTIUNONG TNG EMIOPACNG AVTAOV GTNV HOKPOYPOVIO
ouumePlPopd  €vog  mANBLoUOD  OLOLOYEVMDV  OIKOVOMIK®V  LOVAO®V
OVOQOPIKA HE TNV CLUUOPP®ON 1 Ol 0VTOD HE VRAPYOVLGES, VOUIKA

Beopofetnpuéveg mepParlovtikég pubuioets.

v Zovdvaler éva mpofinuo duvopkod PEATIGTOL AEyyov ne évo eEghKkTiKd
HENTIKA KovOve, COUTEPLPOPAS avTi Yo Tov GLUPATIKO PBEATIGTOTOMTIKO

Kavova.

H mapodoa epguvntikn epyacio SIOUOPPOVEL EVOL YEVIKEVUEVO TAOIGLIO TOV EMITPEMEL
TNV aVAALGT TG SVVOLIKNG GUUTEPLPOPAS EVOG VTTO-pVOLICT) TANOVGLOD OLOL0YEVAV
OKOVOUIKAV LOVAO®V, O 0TT010¢ Kot dpacTnplomoleital o€ £va meptBdAlov pe Eviova
UN-CNUEWOKG  YOPAKTNPIOTIKO Yvopiopata, LvId TNV Topovcio €vOg UNYOVIGLOV
eEMEYY®V Ko Kupdoewv. MEécm Tov ev AOy® mAaiciov kabicToTon EPIKTN 1 O1TVTTOON
TPOTAGE®V Yo TOV 0pBO OYEOGUO TOV UNYAVIGHOD EAEYXOV KOl KUPDOGEWYV,
TPOKEWEVOD VoL S10GPAAILETAL TOVAGYIGTOV 1] HEPIKT] GUUUOPP®ON €VOG OEOOUEVOD
pLOLopeEVOL TANOBLGHOV e VTTOOEIKVVOUEVES TEPIPUAALOVTIKA PIMKEG GUUTEPLPOPES.
Agdopévov og 011 10 eetaldpevo dNUocto e0elovTIKO TTEPIPAAAOVTIKO TPOYPOLLLOL
TAPOVGLALEL OPKETEG OUOLOTNTES LE OLAPOPO KOWOTIKG TPOYPAULOTO OVATTUENS TNG
vraifpov, TO avamTLYOEV  AVOALTIKO TAMIGIO UTOpPEL VO OVOTPOGOPUOGTEL
KOTOAAMA®G oto dedopéva EKOOTNG TEPITTMONG 0VTWG MGTE Vo eEayBovv ypnoyLa

GUUTEPACUATO OVOPOPIKE LLE TO GMOTO GYESOGO TOV EAEYKTIKOV GYEOACLOV.

To ovykekplévo avoALTIKO TAQICIO UTOPEl VO €QOPUOCTEL TEPAUTEP® Yo TNV
OTOTIUNOT TOV KIVITPOV Y10 GUUUOPP®OT| HE 0EOOUEVES TEPIPAALOVTIKES pvOuicelg
€VOG TANOLGLOV OIKOVOUIKOV HOVAd®V VIO TNV TOPOVCio. EVOG UNYOVIGLOD OTEADV
eréyywv (imperfect monitoring), VO TNV £VVOla OTL Ol ATOUIKES OMOPAGELS (EKTOUTES
POV, YPNCUOTOLOVUEVEG EIGPOES) Umopel va pnv amotiunBodv cwotd and va tpito

eopéa (puOuoT), pe cvvémeln va eTPANBOVV EGPOAUEVO KUPDOOCELS GE OTKOVOUIKES
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povaodeg ot omoleg ovupope@vovtal pE TG LEodeiEelg Tov  €BglovTiKOV
neptBodloviikod  mpoypdppatoc.  Emmhéov, N HAKPOYpOVIH GUUTEPIPOPE EVOG
TANBLOUOD OKOVOUIK®OV HOVAS®V UTopel Vo avaAvBel vtd T0 TPIGUA EVOALAKTIKOV
KavOVOV HIUNTIKAG CUUTEPLPOPES, OmmG elval 0 kavovag ToV HEGHV AToAAPdV
(average profit principle) kot o kavovag ¢ amoteleocuatikng mowng (effective
punishment principle), mpokepévov va gvromofel mbavég petaforés oo mol0TIKA
YOPOKTNPLOTIKG TOV EEAYOUEVOV, GE £KAGTN TEPITTMOT, onpeiov evotddetas.” TENOC,
EVOLAPEPOV TOPOVCIALEL 0 GLVIVAGUOS G Eva TPOPAN L BEATIGTOV EAEYXOV TOGO TOV
BeAtioTomomTikoy 0G0 Kol TOV SVVOUIKE UIUNTIKOD KOVOVO, GUUTEPIPOPES, VIO TNV
évvola OtL éva pepido tov e€etalopevov mAnOBvopov yapoakmmpiletor amd wANPN
opBoroyikny wavOTNTO EMAOYNG EVMO TO VTOAEWMOUEVO LEPIOO OlakpiveTar amod

TEMEPUSUEVT] 0POOAOYIKY| IKAVOTN T ETAOYNG.

To mepartépm Aentopépeieg dpo Malik (1993).
To mepautépm Aemtopépeieg Opa Lipatov (2005).
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Kepaiaro 11:
“Movteromoinon g AypoTikns Xvureprpopds vaé To Kabeotog Iapoyov
™™g Kowng Aypotikig llomtikng: Amotipnon tov Hepifairloviik@v

Emntdoemv kot g Amotereospotikotntog s otk g”

To Kepdhrawo II gotidlel og éva puBuiotikd mAaiclo, 6To 0moio EVOOUATOVOVTOL Ol
Baowég petappuiuiceig e Kowng Aypotikng [Holtwkng (KAIT) yio 115 opyavmdcelg
Kowvav ayopav (CMOs) kafag kot yio v avantuén g vraibpov (RD), dnwg avtéc
TEPLYPAPOVTAL OO TO TPMTO Kol OEVTEPO MLAMVA NG MeTappvOuiong “Atlévia
2000”. Avomtocoel €vol YEVIKELUEVO Be@pnTikd HOVIEAO Yoo TNV TEPLYPAPN TNG
AYPOTIKNG dPacTNPOTNTAS LG TO TPoavaPepBEvTa pLOUICTIKO TAIGIO0, HECH TOV
0TO{0L OTOTILOVVTOL Ol ENIMTMOCELS TOV OLLPOPMV TOHTOV EVIGYVGE®V TG €V AOY®
KOWOTIKNG TOAMTIKNG otnVv TePPAAAOVTIKN €midoon €vOG TANOBLGUOD OUOEBDV
owovolkadv povadmv. H ev Adym amotiunon kabictator emredéiun péoco g
EKTIUNONG TG EMSPAOTG TOV SUPOPOV VTOKAOEGTAOTOV EVICYHGEDV TOV TPMTOL KOl
OEVTEPOV TLAMVO, GTIC TOPOYWOYIKES OTOPAGELS LG OVTUTPOSMTEVTIKNG OIKOVOUIKNG
povaodag, aveEaptNTOS amd 10 Bempovpevo eninedo 0pHoAOYIKNG IKAVOTNTOG EMAOYNG,.
Emiong, extipd v omotedespotikdOTTa TG petappibuong “Atléviag 20007 va
VIOKIVIGEL TNV CLUUUOPPMOGCT] OAOKANPOL TOL TANOLGHOD (TANPNG CLUUOPPMOT)) LE
éva. kowvaovikd mpokabopiopévo mepiParioviikd otdyo, péow g Bedpnong tov
UNavicpol ov TPocdtopilel TO TUTO TOV KOWVOVIKA BEATIOTOV pLOUIGTIKOV HETP®V
™G €V AOY® KOWOTIKNG TOMTIKNG. ZVYKEKPLUEVA, TTpocdlopiletan o THmog: (o) TV
OTOTIKMV KOt SOUVOUIKOV KOWOVIKA BEATIOTOV puOGTIKOV PETPOV VIO TNV VITHOeo
™G ameploplotnc 0pPoroyIKNg tKavotTog £mAoyNe, Kabmg ko () tov eEgMKTiKd
SVVOUIKOV  KOWVOVIKA BEATIOTOV puOoTIKOV HETPOV LIO TNV VTOBeon 11Ng

TEMEPUAGUEVTG OPBOLOYIKNG IKAVOTNTOG.

210 v 1o €&étaom emionpo ONUOCIO E0EAOVTIKO TPOYPOLUD, TOPEXETOL OE EKACTN
OIKOVOUIKY] povada (aypotng ¢ Evpomaikng Evmong) po emodtnon cuvoedepuévn
Le TO €MimedO TOL TOPAYOUEVOL TPoidvTog (coupled payment), kabhg Kot dVO WMV
dueocwv evioyboewv (direct payments), yopnyobueveg Pacel g £KTaoNg YNg mOL

tifeton oe (o) waAMépyewa kor () oaypavdmoavorn. XZOpeova peE TG opyn NG
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optlovtiag pvOuong (horizontal regulation) 1o 1066 TV €V AOY® GUEC®V EVIGYVCEMV
TopEYETOL OTO  oKEPalo VIO TNV mpoimobeon OTL TPOVVTAL GLYKEKPUUEVEG
nePPOALOVTIKEG  PNTPES, OVAQPOPIKE pe (o) TNV TOWOTIKY  KOTAGTOOY TNG
KaAlepyovpevng aypotikng éktaong (land quality standard), kaBodg kou pe (B) v
€KTOON TNG QYPOTIKNG YNG mov emttpéneton vo 1ebel oe kaAlépyswo (land usage
standard). Ot ev AOy® mepiPailovtikol otdyol duvatol va emitevyBodv gite péow g
(01) TEPWKOTNG TOV TPMTOYEVAOV TOPAYMYIKAOV EMAOYAOV (primary production choices)
(my waAlepyovpevn yn) N pécm g () €00y®YNG OELTEPOYEVOV TOPAYOYIKMDV
emhoyov (secondary production choices), ot omoiec GuVIPALOLY GTNV TEPIPAALOVTIKG
Qekn  petayeipion  (treatment) TOV  TPOTOYEVOV  EMAOYOV (WY  QPAKTEGS,
avoPaduidec). Ov cvykekpipéveg mePPOALOVIIKG GIMKES TOPUYWYIKES EMAOYES
ypNUatodoTovvTol €V pépel omd  KOwoTKA avomtuélokd mpoypaupato (rural
development programs), TpocEEPOUEVO OO TOV OEVTEPO TLAMVO TNG KOWOTIKNG
QYPOTIKNG TOAITIKNG Yo TV avamTuén g vraifpov, ta omoia Kot TpoPAETOVY TV
TAPOYN OGS GEPAS EMOOTNCEOV OvEL HOVASO VAOTOOVUEV®V TEPPAALOVTIKA

QUAK®OV OpacewV (per unit subsidy).

A€SOUEVOL TOV UN-CTUEWKOD YOPOKTPO TOV OYPOTIKOV OPACTNPLOTATOV KOl TOV
EUOLTOV KWVITPOV Yoo TOPEKKAON omd TG mpoavapepBeioeg meptPaAloviikég
vroypemoelg (free-riding incentive), TG0 Ol AUEGES EVIGYVGELS OGO Kol Ol EMOOTNCELG
vy v avémtuén g vraibpov (rural development subsidies) vrokewvton Ty apyn
™G OoTAVPOUEVIS CLUIOPEmonG (cross-compliance principle). [Tpoxettan yo pua
Sdkacio. KUPOCEMY, EVEOUATOUEVT GTNV apy] TS opllovTiag puduong, n onoia
KOl GUVETAYETAL TNV EMPOAT OVOAOYIKOV TOWVAOV GTNV TEPITTMON TOV EXAANOVETAL
N mopdfocn Tov TEPPAALOVIIKOV PNTPOV. ZVYKEKPIUEVA, TPOPAETETOL | LEPIKN N
TANPN  OQAiPEST TOV TOPEYOUEVOV OIKOVOUIKMV EVIOYVUOEMY GCE EKEIVEG TIG
OLKOVOLKEG LOVAOES, TTOL Emetta amd €va Tuyaio Eleyyo, evtomiloviol va amokAivovy

Ao o, KOOOPIGUEVE TTOLOTIKA Kol TOGOTIKG Optla SpAoTG.

H yevikevpévn ¢bdon tov avamrtvyBéviog avaivtikov mioisiov Kabiotd dvvatny v
AmOTIUNGON KOl GUYKPION TOV EMOPACEOV GTNV TEPIPAALOVTIKT] GLUTEPLPOPE EVOC
TANBLOUOD OUOEWMV OIKOVOUIKADV HOVAS®V, TOV SapOpmV KOOEGTOTMV EVICYHGEDV
NG KOWOTIKNG OYPOTIKNG TOALTIKNG, O™ avtd kabopilovtal amd v petappvduion
tov 1999. H ev AOym ovumepipopd opiletar oe Opovg mPp®TOyEVOV 1 / Ko
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OEVTEPOYEVDV TOPAYOYIK®OV EMAOYOV KOl HEAETATOL HECH TNG EKTIUNONG 1TNG
EMOPOAONG TOV OPOPOV VITOKADEGTOTOV EVIGYVCE®V TOL TPOTOVL KOl OEVTEPOV
TUADVO, GTIC TOPAYOYIKES OMOPAGELS LIOG OVTITPOCOTEVTIKNG OIKOVOUIKNG HOVAOAG,
avegoptNTmg amd to Bewpovuevo eminedo opBoloywkng wkavotrag emloyng. H
npoavapepfeica olOykpion oOedyetal pécw NG AMOTIUNOMNG TV  CLVONKOV
BeAtiotomoinong (optimality conditions) £vog dedopévon LTOKAOEGTMTOG EVICYVLGEMV
™G &v AOY® KOWOTIKNG TOMTIKNG OTS PEATIOTEG TOPAYOYIKES EMAOYES €VOG

EVOALOKTIKOV VITOKAOEGTMTOG evicyvoemV (profit maximizing equilibrium choices).

Ta ovykpvopeva vTokABESTMOTA TNG KOWOTIKNG OYPOTIKNG TOMTIKNG, OM®S OUTH
dwpopeavetal amd v petappHbon “Atléviag 20007, Swakpivovior o€ TpELg
vevikevpéveg katnyopies. Ilpoxertan yio vrokabeotdta mov mpoPfiémovv: (o) v
YOPNYNON EVIGYVCEMV HOVAYXD OO TO TPAOTO TLADVO Y10 TIS OPYUVAGES KOOV
ayop®v, () tnv Tapoyn ETWOOTHGEMY A0 TO SEVTEPO TLADVA YO TNV AVATTLEN TNG
vraifpov, kaBmG Kot (7) TNV TaPoYN VOGS GLVIVAGLOVL OO EVIGYVGELS TPOEPYOUEVESG
1660 omd T0 TMPMOTO 000 Kol TOV OeVTEPO MLAMVO. Evidg tov efetaldpevov
VTOKOOESTOTOV TAPEUPOTIKNG TOMTIKNG vrayovial: (o) T0 KoOeoT®G TANPOVG
GUVOESTC TMV EVIOYVGEMY UE TO eMimedo tov mapayouévov mpoiovtog (full coupling
regime), () 10 kafeoTdOG Pepkng KoBMG Kot TANPOVS ATOGVVIEGNG TMV EVIGYVCEDV
amd 1o mapaydupevo mpoidv (partial and full decoupling regime), (y) 10 KaBeoTAOC
EVICYVOEMV OVA LOVAOL VAOTOLOVUEV®DV TEPIBAAAOVTIKE QUMKAV Opdcemv (rural
development regime), kaBmg kot (0) To TpoavaPepBEvIa KabeoTOTO TNG TANPOVG
GUVOEDNG, TNG UEPIKTG KO TATPOVG ATOCVVOESTC TV EVICYVGEWV O TO EMITESO TOV
TOPOYOUEVOD TTPOIOVTOC, SIEVPLUEVE, LLE TIG EVICYVGELS TOV OEVTEPOL TLADVA YL TNV
eloaymyn meptParloviikd ehikmv dpacewv (extended full coupling, partial and full

decoupling regime).

To6co vtd v ovpPatikn vedBeomn g TANPovS 0pHOAOYIKNG KOVOTNTOS ETIAOYNG,
000 Kot VLo TNV VOO TG TEMEPATUEVIS OPHOAOYIKNG IKOVOTNTAG, OLOLOPPDOVETOL
0 UNYAVICUOG ETAOYNG TV KOWOVIKA BEATIOTOV HETP®V TOATIKNG. Mécm avtol Tov
pnyovicpod kabopiletar 1o €idoc TV mapepPatik®V gpydreidv TOL TPAOTOL Kol
dgvtepov modova g “Atlévroc 2000” mov KabioTtd €@kt TNV €miTELEN TOL
GLAAOYIKOD TEPIPOALOVTIKOD GTOYOV, KOODG Kot To €100¢ NG GLOYETIONG 7OV
olakpivel peTaEL TOLG TO €V AOY®D TapepuPatikd epyoreio PETPAL  TOMTIKNG.
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Yvykekpyéva, N arotedecpatikotnta g “Atléviag 2000” va vrokivioel OAOKANpO
Tov TANBLoUO TV TANPOVG 0PHOAOYIKMOV OIKOVOUIKAOV HOVAI®MV VO, VIOOETHCOLVV TIG
KOwoViKa PEATIoTEG TOPay®YIKEG €MAOYEG VIO TNV oupuPotik) vrdbeon g
KOVOTNTOG EMAOYNG, OLEPELVATOL TOGO GE GTATIKO OGO KOl G SVVALIKO EMIMESO LECM
€VOG OLOTNUOTOG TPOcdoplopeEvoy amd TG ovvOnkeg Peltiotomoinong tov
KOW@OVIKOD oyedlaot (social planner) kol TG OVTITPOCORTELTIKNG OIKOVOUIKNG
povéaodag mov viobetel v mapofatikn orpatnyky| (free-riding strategy). Ta Bértiota
gpyoreion  aypoTiKNGg TOMTIKNG mpoodopilovtal kot VwO TV vmobeomn NG
nenepacpévng opforoykng wovotnrag Pdoet Tov TANIGIOL TV SVVOUIKE HUNTIKOV
eEl0MGEMY. ZVYKEKPIUEVA, OTNV TPOKEWEVT] TEPITTMON OMOTIUATOL ) LAKPOYXPOVIO
Blrooidtra e mpoavaeepbeicag petappbong, kabmng eEetdletor Katd OGOV 1
topwn doun g Kowng Aypotikng IToAtikng pmopet va mBnoet tv nieioynoeia gite
KoL TNV 0AOTNTA TOV LTO-PVOET TANOVC LoD TV OLOIOYEVAV OTKOVOUK®V LOVAS®V
VO VIOOETNGEL TV GTPATNYIKY] TOV GUVETAYETOL GUUUOPP®OT| LE TIG TPOPAETOUEVES

TePPAALOVTIKEG PITPEG.

H avdivon avédeiEe O0TL 1000 10 gpyalreio TV AUECHOV eVIoYOoE®V OGO KOl O
unNxaviopog dteEaywyn eAEyy®v Kol €mPOANG KUPOGEMY Yo TNV TOpOKiviion g
ocuppopemaong (compliance enforcement mechanism), pmopel vo kplBodv avemapkn
O¢ pétpo moMtikng mapéuPacns kabmg pmopel va advvatodv va @wBncovv Tig
amokAlvovoeg otkovopukég povadeg (deviating agents) va  petafdilovv  TIC
TOPOYOYIKEG ATOPACELS TOVG Kol Vo VIOBETHGOVY Hio GTPATNYIKY OV TPooceYYilet
(elte ko TawtiCeTon pe) v otpatnyikn svppdpemong. [apd tadta avesaptitog amod
10 Oewpobpevo emimedo opBoOrOYIKNG WKOVOTNTOC ETAOYNG, 1| EVOMUATOON GTO
oxedwopd g Kowng Aypotukng IloMrtikrig tov  puBpictikod pétpov TV
TEPPOAOVTIKOV pPNTPOV KOONDS KOl TV EVIGYOGEMVY Y10, TNV avATTuén ¢ vTaifpov,
€xel ouvopdpuetl oty Pertioon g mepPAALOVTIKNG GUUTEPIPOPIS TOV UELOVOLEVOV

OLKOVOUIKADV LOVAS®MV KOl GUVETMOG TOL TANBVGUOD AVTOV.

AvoQopikd e TV OYETIKN TEPPUALOVTIKY EMIO0CT TOV O0POP®V VITOKADEGTOTOV
evioyboewv g petappvbuong “Atléviag 20007, to kaBeoTdG OV dlaKpiveTal Amd
TNV amovcio TOMTIKOV TapepPacewv (non-intervention regime) €ivot TpoTIUATEPO GE
nepBoiroviikodg Opovg amd To KaBeot®dG mov yapoaktnpileron TNV wOpoyn
EMOOTNCEMV GLVOEOEUEVOV LE TO EMIMEOO TOL TOPAYOUEVOL TPOidVTOG. Q6TOGO N
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nepBoiroviikn omdooon Tov KABEGTDOTOS TOCO TNG WEPIKNG OCO KOL TNG OAKMNG
ATOGVUVOESNC TV EVIGYVOEMV OO TO TApAyOUEVO TPoidv dev umopel va BewpnOel
EexdBapa o¢ avatepn (superior) ekeivng mov TPokLTTEL VO T KADEGTAOTO TNG UN-
TapEUPaons Kol TG TOPOYNG TANPOS GLVOESEUEVMOV LE TO EMIMESO TOPAYWOYNG

evioyvoewv (fully coupled payments).

AV Kol 68 OPOVG TPMTOYEVMOV TOPAYMYIK®OV ETAOYADV, 1| TOAMTIKY TapéuPfoacn HEcw
Tpog amocvvdeuévov  evioyboewv  (fully decoupled payments) «pivetan
TPOTILOTEPN TNG TOPEUPUONG HECHD UEPIKMG OMOGVVOEUEVDVY evicyvoemV (partially
decoupled payments), 1660 vd Vv amovcio 660 kol TOPOLGio TEPPOALOVIIKOV
oplwv dpdong, N GYETIKN TEPPAALOVTIKY| EMIOOGT TOV VITO-PVOUIGT TANBVGHOD gival
aGOPNG OTAV TO GUVOAO TMOV TOPAYOYIK®V EMAOYADV SIELPVVOVTOL e SEVTEPOYEVEIC
TOPOYOYIKEG EMAOYEG. XVVETMG, COUG®VE UE TNV viofetoduevn oopn y v
TEPLYPOPN TNG OYPOTIKTG Opdiong vd tnv mapovsia g Kowng Aypotikng [ToAMtikng,
dgv vmhpyovv Eexdbapeg evoeifelg 0Tt M petdfoon apykd (o) opywkd amd TOo
KaBEGTMG TANPOVS GUVOESNG TMV EVICYVLGEMV LE TO EMIMESO TOL TOAPOYOUEVOL
TPOIOVTOG TOV TPADTOV TLADVA, 6TO KAOEGTOS TNG LEPIKNG KOl TANPOVS ATOGVVIECTG
TOV EVIGYVOEDV OVTAOV, TOGO VIO TNV XOPNYNOoN OGO KOl TNV UN-TOPOYN EVICYVGEDV
TOV 0EVTEPOV MLAMVO, KOl 1 HETAPaoT TEMKA () 010 KOOEGTOG MOV GLVETAYETOL
HOVAYo, TNV XOPNYNoN EVIoYUGE®V TOV OEVLTEPOV TLAMVO YO THV OVATTVEN NG
vraifpov, €xel mapakivioel Tov VIO-pLOUIGN TANOLGUO TOV OUOEWOMOV OTKOVOUIKDOV
HOVAO®V Vo TEPLOPIcEL TIG TPOTELOVCEG VA TALTOYPOVO, VO EMEKTEIVEL TIG
0gVTEPEHOVGES TAPAYOYIKES €MAOYES TOV, ovuPdilovtag omv PeAtioon g

TEPPAALOVTIKNG CUUTEPLUPOPES AVTOV.

Téhog, O TV mapovsic TOG0 TG TANPOVS OGO Kol TEMEPACLEVNS OPOBOAOYIKNG
KOVOTNTAG EMAOYNG, N OMOTIUNGON TOV KOWOVIKA BEATIGTOV pLOIIGTIKGOV LETPOV,
0G0 TOV TPMTOL OGO KOl TOL JEVHTEPOV TLAMDVO, TG KOWVOTIKNG OYPOTIKNG TOALTIKNG,
00NYNOE GTO GCULUTEPAGHO OTL 1 OWTNPNON TOV GULVOEOEUEVOV HE TO EMIMESO
TOPOYOYNG EVICYVOEMV UTTOPEl va givol Kowvwvikd emBount| o€ meptPaAlovTiKovg
Opovc. Xvvdpo, pmopel va KpiveTor KOWOVIKE ®EEAUOG O EUTAOLTICUOC TOV
pnyoviopol dtegaymyng eAEYXOV Kot ETPOANG KUPOGE®V Y100 TV TOPAKivIoN NG
GUUUOPPMOONG, HE €V €VPVTEPO GUVOLO KVPADGEMV EMEKTEWVOUEVO GE TTLYEG TNG
AYPOTIKNG OpaoTNPOTTOS ONMG €ivol Ol 0modOGES TOV  KOAMEPYEWDV, 1
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KoAAlEpynown éxtacm, m €ktacn mov tibetal o€ aypoviamavon Kabmdg kot ot

OEVTEPOYEVEIC TOPAYWOYIKES EMAOYEG.

Ex tov avotépo cvoumepaiveror 0Tt M emitevén 1oV KOW®VIKA BEATIOTOL £mmEdOV
AVOQOPIKA LE TNV TOLOTNTO TG CLALOYIKE KAAMEPYNOIUNG aypOTIKNG YNG (aggregate
land quality), umopel va amontel pétpa mapepPatikig TOAMTIKNG o 0ol ®GTOGO deV
npoPAémovtar amd v Tpéyovsa doun e Kowng Aypotikng IMoAtikng, kabdg kot
pe evélkto oto ypoévo pétpo moltikng (time-flexible instruments) mov eival
TPOKTIKA OVEPIKTO. ZVVETMS, LITO TNV TPEYOLGA SOUT| TNG KOWOTIKNG TOMTIKNG, OTMC
avty ekppaletor pécm tov “Atlévtag 2000 ko g Evdibpeong Metappibuiong
(Mid term Review), o pvOulduevog mANOLGHOG 0dMyEiTOl COE KOTOGTAGELS TOV
dvvatal va yapoktnpofovv mg “mepiParioviicd vroPértiotes” (suboptimal), dmov
1060 1 OMOTEAECUATIKOTNTA OCO Kol 1 poakpoypovie Piwoidétta e Kowvig
Aypotikng IToMtikng wpivetar apgifoAn xor eEaptodpevn omd TIG LITAPYOVGES

cLVOTKEG.

H cvveispopd g ev Ay gpguvntikng epyaciog £yKeitot GTnv:

v AvamtuEn evog Oempntikod HOVIEAOL OmOV TEPLYPAPETOL T GYPOTIKN
CLUUTEPLPOPE. VIO TO YEVIKELUEVO KaBeoTOS evioyboewv g Kotvrg
Aypotikng IToATikng, OT®mG 0VTEG TEPTYPAPOVTAL OO TO TPMOTO Kol dEVHTEPO
moAmva g petappuBuong “Atlévrac 20007, mapéyovtag v dvvatdtnTo
YL TOV TPOCOOPICUO TOV SQOp®V VITOKOOESTOTOV NS &V AOY®

HeTappHOONG LECH TOV KOTOAANA®Y ATAOVGTEVTIKMOV VITOBECEMV.

v Ocopnuikf] amotiunom Kot GUYKPION TOV EMMTOCEDV TOV S0QOP®Y
VIOKOOESTAOTOV NG €V AOY® UETOPPLOUIOTG OTIC TOPAYOYIKES OMOPAGELS
KOl OUVETADS otV TMEPPOUAAOVTIKY)  GLUTEPIPOPA  €VOG  TANOLGHOD
OLLOLOYEVAV OTKOVOUKDV LOVAI®V.

v TIpocSopiopdc TOv  PNXOVIGHOD ETMIAOYHC TOV KOWOVIKG PEATIGTMV
PLOLCTIKOV HETPOV TNG KOWVOTIKNG OlYPOTIKNG TOAITIKNG, LEC® TOL OO0V

kaBopiletonr 10 €100¢ TV KOwwvikd PBEATIOTOV TOpeUPATIKOV gpyoreimv

TOV TPMTOL KOl OEVTEPOV TLADVO, VTG TNV VIOOECT TOGO TG TAPOVS OGO
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KOl TNG TEMEPUAGUEVNS 0pHOAOYIKNG KOVOTNTAG EMAOYNG TOV LIO-£EETOON

OIKOVOUIK®OV HOVAO®V.

v @sopnTiky omotiunomn G OTOTIKAC Kol SUVOUIKNG PloctudtTog e
petappHOong “Atlévtag 2000” vd v cvpPatikn voddeon g TANPOLS —
aneploplotng  opBoAOYIKNG  KOVOTNTOG — EMAOYNG, KOOMG Kol  Tng
HOKPOYPOVIOG, €EEMKTIKNG Puwotudtntog avtig vred v vrdbeon 1ng

TENEPACUEVNG 0PHOAOYIKNG IKOVOTNTOS ETIAOYNC.

2V moapovoa peLVNTIKN epyacio meptypdeeton pio peBodoroyia, n omoio pmwopel va
vevikevOel mepatépm Ko v EQOPUOCTEL Yo TNV €EQY®YT] OGPUADY GUUTEPUCUATOV
AVOQPOPIKA LLE TNV GYETIKN EMOPACT] PLOUICTIKOV TOATIKOV UE TOVOUOLOTVTO OAAL
KOl OVTIKPOVOUEVO, YOPOKTNPIOTIKA YVvOPIoHOTo, otV TEPPOALOVTIK M Kol pn-
TePPoALOVTIKOD GLUTEPLPOPA £VOG TANOLGLOV OKoVOpIKOV povadmy. Tlapdaiinia,
N ev A0y pebBodoroyio umopel vo ypnoipomombel Kot yioo ToV TPOGOIOPIGUO TOL
TOMOV TOV TAPEUPATIKOV TOMTIKOV 7oV KANGTOOV €QIKT TNV €mitevén &vog
GLALOYIKOD GTOYOV GTO OMVEKES, VIO EVOALOKTIKEG KO OVTIKPOLOUEVES VTOBECELS
avaQOPIKA HE TO €mimedo opBOAOYIKNG KavOTNTOS EMAOYNG TV LIO pvOUoN

OIKOVOUIK®OV HOVAIM®V.

To avamtuyBév Bewpntikd LOVTELO TEPLYPOPT|S TNG OLYPOTIKNG CUUTEPIPOPES VIO TNV
TOPOYN EVICYVOEMV TNG KOWOTIKNG OYPOTIKNG TOMTIKNG, dvvaton vo devpuvOet
TEPAUTEP® TPOKEUEVOL VO EVOOUATMOOOHV G€ avTO Mo EEEOTIKEVUEVA YOPOUKTNPIOTIKA
yvopiocpota toco ¢ petappvbuong “Atlévtag 2000” 6co kot g Evoldueong
Metappubuiong. Zvykekpipéva, 10 OBempoduevo pubuctikd mAiaiclo umopel va
evioyvbel pe: (o) Tig motmaoelg (carbon credits) Tov TaPEXOVTOL YO TV TOPAYDYN, GE
€00pn mov &yovv Tebel Ge aypavATALGON, KOAAEPYEWDV TOL Yapoaktnpilovrol mg
evepyelokég kot govv undevikn datpogikn a&ia (non-food), kabog kot pe () v
avaBempnUEVT] apyn TG SCTOUVPMUEVIS GUUUOPO®OTNG OTOL AdUPAVETOL VITOYN 1M
mepinTOoN  UN-cLUUOPPmong Toco oamd oauérela  (negligence) 660 Ko omd
oxompotnrto (deliberateness), kot kotd cvvémewn dtopopomoteitar 10 péyeboc v
emPorrlopevaov mowvav o Ekaotn nepictaot. Téhog, n mepParioviikn courepipopd
tov e€etalopevovr mANOBLGHOD TOV OUOLOYEVAOV OIKOVOUK®V HOVAO®V UTopel vo

amotunOel kKo vd (o) v mapovsio aféfaiwv dwtapaydv (uncertainty shocks -
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Ommg givor ot TIANUUPeS) kot (f) v doknon TEGEMV TPOS TIG PLOLCTIKEG 1| KoL
ereykTIKéG opyes oamd opdodeg ovueepdviov (lobbying groups - Omwg ot pun-

KuPBepVNTIKEG TEPIPAAAOVTIKES OPYOVAGELS).
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Adoxktopikn Awtpin

Kepdaiaro I11:
“Xyeowaonog evog EOghovtikov Anpdciov Hegpifairovrikov Ilpoypappartog
Yo TV AvTipeTt@mion g AypoTtikig Nitpopvnaveng:
Mo E€ehktikn Ipocséyyion”

To Kepdhoro I e€etdler v tantdypovn e£EMEN TOV KIVATPOV Y10 GUUUETOYT KOt
GUUUOPPWON €VOG VTLO-pVBUIon TANBVGHOL pe TG TEPPAAAOVTIKES AEIDCELS £VOG
ONUOGIoL  €0EAOVTIKOD TTPOYPAUIOATOS, VIO TNV TOPOLGIN YPNYOPOV — OPY®OV
SVVOUIKOV EMAOYNG OGOV QLPOPA TNV YPOVIKT ANY™N TNG OTOPACTG Y10 GLUUETOYN KO
ovpupopewon. Eotidler otnv S0pdpemon TV YOpaKTNPIOTIKOV VOGS ONUOCIOV
efelovtikov mepiPailoviikov Tpoypappatog, to onoio otmpiletar omv Pdon TV
KOWOTIK®V OVATTLELOKADV TPOYPAUUATOV TOV EVTEPOV TLAMVO Y10l TNV OVATTVEY TNG
vraifpov g Kowng Aypotung IMoltukng. IlpoPaiver oty emonuovon twv
TopayovTev mov cvuPdAilovy ot eéeMkTikn ProciudtnTo ovtod, Kabmg Kol otny
SWITOTTOOT YEVIKOV KOVOVOV TTOv KOBIGTOOV €Ikt TV emitevén evog embountov
neplPaAloviikod otOYov TOGO LG TNV TapPovsio. 6GO KOl TNV amovsio. £vVOG

YPNUATOOOTIKOV TEPLOPIGLOV.

Yno 10 mpotewouevo OoMUOclo €0edoviikd mpoOypoppo oideton 1 dvvaTdTTO GTO
e€etalopevo mAnBuopd TV OUOEW®OV OWKOVOUKAOV HOVAdwvV vo mpofel otnv
€0EAOVTIKY] TEPIKOMY] TOV OTOUIK®OV EKTOUTMOV POTOV HECH TNG VIWOBETNONG HOG
evélknc nebddov mepikomng domavav (flexible cost saving method), ovtwg dote va
emrevyBel éva mpoxabopiopuévo cvALOYIKO emimedo pumavons. Av dwuceaiictel
TANPNG CLUUETOYN] TOV TANOLGHOD 610 &v AOY® avomTuElokd TPHYpOULo TOTE
kaBioTator QKN 1 EMITEVEN TOV GLAAOYIKOD GTOYXOV. GTOGO GTNV TEPIMTMOOT) TOV
EMITUYYAVETOL HOVAYO T HEPIKN ovppetoyn tov mAnbvopov (partial participation),
mopatnpeital andkion amd tov embountd TEPPUALOVTIKO OTOYXO KOl LIAPYEL M
mBavotnta va emPAnOel o copPatikn evBog vopobetikn puOon (direct regulation),

N omoia givo o emPAaPg o€ OpOVG KOGTOVG GLYKPITIKA LE TO BewpovpEVOo dNUOGLO

TPOYPOLLLLLOL.

H andeaon yio coppetoyr], ®GTOC0, OEV GUVETAYETOL KOT OVAYKT KOL GCUUUOPO®OON
pe TG TEPPOAAOVTIKES OMOLTNOEL, TOL TPOYPAUUATOS. AgdOUEVOL OUMG TOV Un-
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ONUEWKADV YOUPOKTNPIOTIKOV TNG OYPOTIKNG OpacTNplOTNTAS, 08V Eivol TPOKTIKA
emredéyun N tovtoxpovny e€akpifwon ™C SCLUUOPP®ON N U1 OAOKANPOL TOV
TANBLOUOD TOV EUTAEKOUEVOV OTKOVOLIK®V LOVAS®V. TNV TPOKEEVT TEPITTOON N
puOoTIK) apyn SeEdyel TVXOIOVG EAEYXOVS Y10 TOV EVIOTICUO TMV OMOKAIVOLCMV
OIKOVOUIKAOV HOVAO®V, OTIG omoieg Kou mpoPAémeton 1 emPorn] KLpOOEWDV
TPOKEWWEVOD VO OmOTPOmEl 1 SLOVIOT] [0 TETOWG  QUOEMG  TOPOPATIKNG
CLUTEPLPOPAS. XVVETMG Ol GLUUETEXOVCES GTO TPOYPOLUO OWKOVOUIKES HOVAOES
&yovv Vv eniyvoon 0Tt vdpyel | TavoTTa va embempnBovv kot va emPAnBodv ce
OVTEG KUPMOELS OTNV  TEPIMTMOON TOV  EVIOMICUOD  UN-GUUUOPPOONG HE  TIG

TEPPOAOVTIKESG 0ELDOELS TOV TPOAVAPEPHEVTOC TPOYPALLOTOG,

Yné v vndbeon g memepacuéving opBOAOYIKNG KOVOTNTOG EMAOYNG, OTINV
amoOPOoT TOVG KOTd TOGOV €ivol EM®EEAESG TPOTIGTOS VO (0) GLUUETACYOVV GTO
avartu&laKo Tpdypoppo Kot Hetémerta va. (3) coppopemBovy pe Tig TepPOALOVTIKES
VI0dEIEelg avToD, o1 VITO-PHOUICT OKOVOIKES HovAadeg otnpilovtal 6To 0POLOUEVO
PNTIKO Suvapikd TAAICI0 OV GUVETAYETAL LWOBETNON NG OTPOTNYIKNG UE TNV
KaAVTEPN amOd0on. MEG® TNG CLYKEKPLUEVNG €EEMKTIKNG TOONTIKNG dtodkaciog
MYNG amoeace®my, TOPEYETOL 1) OLVATOTNTO ONOTIUNONG TOV UETAPBOADV oIV
ovotaon Tov eEetaldpevovr TANBLGLOD AVAPOPIKA LE TO KIVITPO TWV OIKOVOUIK®OV
pHovad®mv tOGo Yo cuppetoyny 660 Kol Yo GUUUOPP®ON HE TPOTEWVOUEVO OMUOGLO

€0elovTikd TPOYPOLLLAL.

Ol amopAcElS apyKd Yol GUUUETOYN KOl €V TEAEL Yo GUUUOPpP®OoT Bewpeitar OTL
AopBavouy ympo o€ OPOPETIKEG YPOVIKEG KAMpaKeS, KAOMG VOMKES PNTPESG
emPAAOVY M pEV OmOPOOT Yo GLUPETOYT Vo AapPaverl xdpa ypryopa (fast) eved n de
amoOPOoT Y. CUUUOPP®ON AapuPdvel ydpa oxetikd mo apyd (slow) kabohg oev
vokerTon o€ KAmowo voutkd meplopiopd. H Beddpnon tov ev Aoyw ypryopwv — apydv
SVVOUIKOV ETAOYNG EXEL WG GLVETELN TO UEPidIo 1oppoTiag (equilibrium share) tov
OWKOVOUIKAV  HOVAd®V  TOL TANOUGHOV 7OV GULUUETAGYEL OTO TPOYPOUUO VO
EMTLYYAVETOL O YPNYOPO EV GLYKPICEL LLE TO OVTIIGTOLXO TOGOGTO 1GOPPOTING TV

GUUUOPPMOOEVTOV OTKOVOLUK®V LOVAOMV.

Méow tov ovotépom avamtuyBEviog avaivtikod mAouciov koabiotatol €PKTOC O

TAVTOYPOVOG TPOGOOPICUOS Tov (0) pepdiov 1oL TANBLOUOD TWV OUHOEWDV
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OIKOVOUIKAOV HOVAO®MY TOV GUUUETEXEL Ko cuvapa tov () pepdiov tov mAnbucuon
OV GLUHOPPDOVETOL UE TIG VITOOEIEELS TOV €BEAOVTIKOV TPOYPAUUATOC, KOODS Kot TOL
(y) omoBépatog (stock) tng GLUVOAKNG POTOVONG TOL AVTIGTOWYEL GTNV EEEMKTIKG
evotadn woppomia (evolutionary stable equilibrium). Eivat epoavég amd tnv avaivon
OTL T YOPAKTNPLOTIKA TV £EEMKTIKA gvoTaddV onpeinv 1coppomiog KabMOS Kol Tov
Tpomov ocvykMong (approach dynamics) tov cvotiuoTog TPOg OVTE EEAPTMOVTOL
TAVTOYPOVDS amd (o) 1o péyeBog Kol To YOPOKINPOTIKE TG0 NG mBavoTTg
emPorng vopobetikdv pubuicewv (legislation probability) ommv mepimtoon g
UEPIKNG GLUUETOYNG, 000 Kot TG mlavotnTag eAéyyov (inspection probability) otnv
TEPIMTOON NG UEPIKNG SLUUOpPwonG (partial compliance), kabnd¢ kot amd () v

VmapEN N 1N XPNUATOSOTIKOV TEPLOPLGHLOD.

Y16 evalhokTIKEG VTOOEGES avaopikd pe TV doun Mg mhavotntag emBoAng
vopoBeTik®v pvlpicemv, 10 xpovikd yp1yopo dvvaukd cvotnua (fast time dynamic
system) ocvykAivel gite o€ €va TOALUOPPIKO 1 HOVOROPPWKO onpeio gvoTadoic
katdotoong (steady state), To omoio cuvVEmAyETOL HEPIKT, TANPNG N KOl UNOEVIKY
ovppetoyn tov  vrd-pvouion  TANBvopod oto  efgtalopevo  mEPPaAloviiKd
npdypappa. Iapopoing, avdroya pe v doun g TOavOTTOS EAEYXOV TO YPOVIKA
apyd dvvapwkd cvotmnuae (slow time dynamic system) cvykAiiver oe évo onueio
wooppomicg mov pmopel va dlakpivetar eite omd pHePKN, TANPNG N UNOEVIKY
GLUUOPP®SN TOV TANOLGHOD e TIC EdpAIOUEVES TTEPPOALOVTIKEG pTPpES. Q0TOGO
000 0 TOAOTAOKT] €lval 1 SO TOV €V AOY® THAvOoTHTOV, TOGO Mo Mhavo ival 1o
e€eMTikd onuelo 1ooppomiog vo CUVERAYETOL WEPIKN GULUUETOYN] KOU HEPIKN

GUUUOPP®ST TOL VIO PLOUICT) TANOVGHOV TOV OUOEIBMY OTKOVOUIKMY LOVAI®V.

Yrdpyet n nepintwon 1o SLVOUIKO GOCTNHA Vo StokpiveTat amd Eva Lovadlkd onpeio
eEeMKTIKNG 1o0ppomiag N Ko moAamAd onpeia yapaxtmpllopeva amd mbavég un
avaotpéyuotnteg (irreversibilities). Eniong n cuykiion tov cuGTHHATOS GTaL €V AOY®
onueio evotabelog umopel va gival HOVOTOVIKY 1 Ko OTEPOEWNG (monotonic or
oscillating). Edv o ondtepog o10)0G TG PLOUOTIKAG apyNS OmoTeEAEl N TANP™G
CLUUETOYN KOU TANPNS ovupdpemon Ttov vrd pvduon mAnBucpod pe 10
OLYKEKPIUEVO  OMUOCI0  TEPIPOAAOVTIKO  TTPOYpappe, TOTE 0ovTOg  Kobiotatol
emrev&pog (o) glte pécm G déopevong TG PLOGTIKNG apyNS o€ AUETAPANTEG OTO
1POvo ThavotTEG EMPOANG vopobeoiag kal eAéyyov, (3) eite pécm g KOTAAANANG
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EMAOYNG NG VIOYPEMTIKNG vopobetikng pubuiong (legislation mandate) xabmg Kot
TOV KUPMOOEDV TOL EMPAALOVTOL OTIS EVTIOMILOUEVEG OTOKAIVOLGEC OIKOVOLUKEG
povadec. To 1010 OmMOTELEGO. EMTUYYAVETOL VIO GUYKEKPIUEVES OPYIKEG GLUVONKES
(initial conditions) kol KATOAANAG EMAEYUEVEG KUPMDGELS, OTAV Ol TPOOVAPEPDEITES
mhavotnTeG pOOUIONG Ko EAEYYOL glval evOOYeVEIC OTIC LETAPANTEG KATAGTOONG TOL
wpoPAuatog (state variables). QQotoc0, oV TMEPiTT®ON MOV (1) O1 TPOHTOBEGELC
avTég Ogv TANpovvtan gite ([5) VILApYEL TEPLOPICUOG GTO TPOVTOAOYIGUO TOL SVVATOL
va dwbéoel  puBuioTikn apyn Yoo v OeEaywyn ehéyywv, T0TE gival 1dtaitepa
mhavov to ypnyopo — opyd ocOotnua vo cuyKAivel og éva eEeMkTikd omnueio
1GOPPOTHOG TO 0010 SKPIVETOL O HEPTKT] CLULUETOYN KO LEPTKT] CLUUOPPMOGCT) TOV

Vo-pOOIoN TANOLGLOD.

H cvveispopd g ev Adyom epyaciog £ykertat 610 yeyovog Ot

v Tuvdvalet oe éva evomompévo avadvTikd mAaiclo v évvold NG
TEMEPOUCUEVNG OPHOAOYIKNG IKAVOTNTOS EMAOYNG, OTMS OTH TEPLYPAPETAL
HEGH TOV QUVOLIKA HUNTIKOV HOVTEA®VY, LE TNV EVVOLL TNG XPOVOLOYIKNG
SLAKPIoONG OTNV MY OTOPACEDV OTTMC OVTH TEPTYPAPETUL LEC YPTYOP®V

— OPYOV SVVOIK®V ETAOYNG.

H mopovca epyacia Stopopedvel éva YEVIKELUEVO TAOUIGIO 7OV EMTPEMEL TNV
avlAlvon NG OLUTEPLPOPAS €vOC  LmO-pLBUon  TANBvopov omd  opoloyeveig
OIKOVOUIKEG HOVADES, Ol OTOlEG OPACTNPLOMOOVVTAL GE £VOL TUTIKO UN-CMUEIKO
TpOPANUa piTavVoNS kot dwakpivovior ond memepacpuévn opBoroyikn wkavotnTa
emhoyne. Kabiotatar gty 1 tavtdypovn HeAET TV SIOpUOPO®ON TV dapOpmV
TEPPOALOVTIKOV Kot U KVATPOV (OTT®G €ivol 1 €160YMYN KOVOTOMAV, 1| ATOQCT
v €000 amd TV ayopd) evog vpéwg TANBLGLOD AVAEOPIKA e TNV VIOBETNON 1 U
VIOJEIKVLOUEV®V Kol VoK Becpobetuévav copmepipopdv. Mécm tov avamtuydév
mAoiciov emrpénetor 1 €0y OCPOADMY GCLUTEPACUATOV OVOQOPIKH HE TN
EMOPOOT TOV EMUEPOVS CLOTAUTIKAOV TOV £KAGTOL EPYOAEIOL PLOMCTIKNG TOAMTIKNG
KoOMOG Kol TG OOUNG TOV CLUVAPOVS EAEYKTIKOD UNYOVIGHOV, GTNV GUCTOCY| TOL
TANBvoUOV 6TO oNUElD TNG LOKPOXPOVIOG EEEAKTIKNG 1GOPPOTIOG OVALPOPIKE e TNV
voBétnon M un pog EMOLVUNTAG CLUTEPLPOPAS, EMITPEMOVTIOG OTNV OULTLITIMOGN
TPOTACEWMV Y10 TOV EVOEIKVLOLEVO Kol 0pBd oyedlacud avtdv. uven®s, ded0UEVOL
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OTL LVIAPYOVV OPKETEG KOl OLOLPALVOUEVES OUOLOTNTES OVAUEGOH GTO TPOTELVOUEVO
onuocto ebehovtikd mePPOAAOVTIKO TPOYPOLUO KOL TO KOWOTIKA avamtuElokd
TPOYPAULOTO TOV OEVTEPOV TLAMVA Y10, TV AVATTLEN NG VILAOPOL, TPOCPEPETAL L0l
TEKUNPLOUEVT]  @OpHa Yoo Tov opBO oxedlouopud TETOong QUoE®MG  €0EAOVTIKAOV
TPOYPAUUATOV, To. omoia Oa S1cPAAILOVY TOLVAGYICTOV TNV UEPLKT] GLUUETOYN KOt
UEPIKT GLUUOPP®OT TOV VIO-pHOUIoN TANOLGHOD TV JPACTNPIOTOIOVUEV®OY GTO
KOWOTIKO 0YPOTIKO YMDPO OIKOVOUK®V LOVAO®V - ypPOTMV, COLPOVO TOVTO LE TOVG

APNLULATOS0TIKOVS TEPLOPLGHOVS TG KOWVOTIKNG PUOUIGTIKNG 0PYNG-

To ovotépw yevikevpévo miaicto dvvatal vo ypnoworomdel mepartépw yo v
OlEEAYMYT] CUUTEPOUCUATMV AVOPOPIKE LLE TNV OVOLEVOUEVT] ATOTEAECUATIKOTNTO TNG
Kowortikng Odnyiag yio v avtipetonion g vitpopoimavong (91/676/EEC), kabmg
KO Y100 TNV HOKPOYPOVIO, GVGTOCT TOv Vo pvOuion TANBLoHOD avagopikd pe To
KV TpOL Y100 GUUUETOYN KOl GUUUOPP®ON UE TIS TEPPAAAOVTIKEG VITOJEIEEIS AVTNC.
Onwg dapaiveTor omd v avotépo ovdivon 1 ederovtikn enitevén tov 6TOXOV NG
Odnylag e€aptdror amd TV mopovsio pog a&lOmoTNG OMEMNG Yoo TNV EMPOAN
VOLKO  VTOYPEOTIK®OV  pvOuicewv, ot omoleg ovvemdyovtar v LAomoinom
TPOYPAUUATOV OpdcemV (action programmes) Kabmg kol v devpvvon Tov (ovav
QYPOTIKNG OPUCTNPOTNTOC 7OV Kpivovion emppenelc otnv vitpopumavon (nitrates
vulnerable zones). o Vv enitevén g CLUUOPPWONS He TV &v Adyw Odnyia
Kpiown emiong kpivetal n VIOPEN KATOWG KOPMOONG N YEVIKOTEPA EVOG UNXAVIGUOD
mov 00 HEUDVEL OTOTEAECUATIKO TIC OMOANPEC TOV OIKOVOMIK®OV HOVAO®MV OV
V10OETOVV TNV GTPATNYIKY| UN-GUUUOPP®ONG GTNV TEPIMTOGCT TOV [0l TETOL0 PVCEMG
napofatiky ovunepipopd evromilerar. Ilapodia avtd, m defayoyn pog mo
€EEOIKEVUIEVIIC  OVAALONG Kot 1 OOTOTTOOT  TPOPAEYEDV  OVOQOPIKE  HE  TIG
HOKPOYPOVIEC EMMTMOELS TNG &V AOY® Kowotikng Odnylog, amottel €va Atydtepo
YevIKELUEVO HovTELO TO omoio Oa etvar eEedkevpévo oty dour e Odmyiog kot Oa
Aoppaver véym ™V apyn ™S SOCTAVPOUEVIG-CUUUOPPMOONG TOV TOPEXOUEVOV

EVICYVOEWV.
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Awaxtopikn Atotpifin [Tavemotuo Kpﬁmgxw-‘f‘

IIBavég MpoekTdoers

H mapodca Awaxtopikn Alatpifr] €o0tioce OKOTIU®G G CUYKEKPIUEVEG TTTVYEG TV
TPOPANUATOV  OYPOTIKNG UN-CNUEWKNG POTOVONG KOl TOMTIKNG  TapEUPaonc
npokewévoy va goyBobv  KATOW OGPOAT] CLUTEPACUATO OVAPOPIKE pe Tpio
onuavtikd nmpoto. Zuykekpipéva, to NTRTo Tov dlepeuvnnkay aeopoHv:

mv mlavi JpopoToincn oIV HOKPOYPOVIC GLUTEPLPOPA  €VOG TANBLGLOD
PLOLOUEVDV OTKOVOLIK®MV HOVAO®MV VO TIG EVOAAUKTIKEG VTOOEGEIS TG TANPOLG
Kol memepacpévng opBoroywkng wovomtog emioyng (Kepdiowo 1), ™mv
TEPPOALOVTIKT] OMOTEAEGUOTIKOTNTO VAOPKTOV PLOMCTIKOV TOMTIKGOV Kol TNV
600TOON TOL KOWVIKA BéATioTov TapepPatikov kabeotdtog (Kepdiawo 1), kabmg
Ko TNV EVOEIKVLOUEVT) OOl TOGO €VOG  OMOTEAECUATIKOD  ONLOGIOV
nePPaALOVIIKOD  TTPOYPAUUATOS OGO KOl TOU  OTOTEAEGUOTIKOD — UNYOVIGHLOD

deaywyng eréyyov (Kepdarowo I1T1).

Ymapyer, ®oto6c0, pio TAEad0 and aSloonueimTo YapaKTPIoTIKE YVOPIGHOTO TOV
TPOPANUATOV  OYPOTIKNG  UN-ONUEWKNG pOTavong Kabodg kol tov  aypod-
TEPPAALOVIIKOV PLOUICTIKOV TOAMTIK®V, TO. OTOi0, Kol T OpOPOTOoVV omd Tal
cuppatikod TOmov mpoPAnuaTe pOTAvoNg Kot ToMTIKNG TapépuPacnc. Ta ev Adyw
YOPAKTNPOTIKG Yvopiopuato Bo pmopovcav vo evoopat®wboldv, ¢ pio EMTAEOV
TPOEKTOGCT, OTO OVOAVLTIKO TANicl0 7oL avamtuydnke otnv mopovco Awatpipn.
Juven®g, Ba MTav evdleEpov var ANEOOLV  EPELVNTIKEC TEPLOYES, Ol OMOlEg

GUVETAYOVTOL:

v ’Eva mhoicto opePardmrag, dedopévov 6Tt nj GuvEPTNON TOGO TNG EKTOUTAG
pOTWV 0G0 KOl TOV TOPAYOUEVOL TTPOIOVTOG EMNPEALETOL OO GTOYUGTIKOVGS

mopdyovteg (6mmg etvar o Kapog, o1 PAdPeg otov eEomMapd).

v Tnv mepimtoon evog avokpiPodsg EAEYKTIKOD [MYOVIGHOD Kol 1GYVLPGOV

YPNLOTOSOTIKMOV TEPLOPICUMDV.

V" Eva mhaiclo Slokpvopevo amd atedf mANpoedpnom, SUIKH CCVLUETPiO

omv mAnpoedpnon (dual asymmetries) kot €TEPOYEVELD OVOPOPIK LLE TOV
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TOmo 1 Ta drokprTikd yopaktnplotikd (distinctive characteristics) Tov vmo-

POOLOT OIKOVOLUK®Y LOVAOMV.

v "Eva S109opomompévo eEEMKTIKO TARIGLO ovaADGNS OToV 68 KGOE YPOVIKN
nepiodo M €KOGTN OIKOVOLIKT HOVASO OAANAETIOPE pe 600 N TeEPLocOTEPES
OLKOVOUIKEG LOVAOEG, OO CLUVETAYETOL O KAVOVOS TOV HECOV ATOAAPOV

KOl 0 KOVOVOG TNG ATOTEAEGLLOTIKNG TTOWVT|G.

v "Eva puBotikd TAGIGI0 OV VO GUVETGYETOL OLOMPAYLOTEVGIES N

povouepeig eBeloviucéc pedddovg.

v Tnv katdotoon 6mov 1 Vapén TECEMV amd OUASES CUUPEPOVIMV UTOPE]
Vo EMNPEACEL TIG TAPAUETPOVG TNG TAPEUPATIKNG TOMTIKNG (OTmg givar ot

vAoTo0VEVOL EAEYYOL KOt O1 EMPOAAOUEVEG KUPDOELS).

Ta avotépe pmopovv va Bewpnbodv g ta emaxdiovBa Prjpato g ev eEelilet
€peuvag, OOV Ol YEVIKEVUEVEG EVVOLEG KO UNYOVIGHOL TOL avomToyOnkay oty €v
AOyo Awaxtopikny Awatpin Umopovv va €EEIOIKEVTOVV GTNV JOUN GULYKEKPUEVOV
ONUOGIOV E0EAOVTIKOV TPOYPUUUATOV EOIKA GYESIACUEVOV Y10 TOV OYPOTIKO TOUEN

¢ Evponaikng Evoong.
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PART I:
"Environmental Pressures and Regulation in
European Agriculture:
A Survey of Current Issues and Policies"

As it is well known agriculture is closely associated with the environment mainly via
the production of food and fibre and the habitation of the countryside. Furthermore,
agriculture is a decisive factor for maintaining the viability and diversity of rural
communities, landscape and habits, for facilitating the provision of tourism,
recreational facilities and environmental protection (OECD, 1993). However, despite
the potential beneficial environmental services European agriculture has been

regarded as contributing to a number of environmental problems.

Economic theory teaches us that, due to well known externalities, in the absence of
policy interventions unregulated markets fail to induce farmers to operate in the
socially optimal way, and regulatory interventions are required for the achievement of
Pareto optimality. Given the non-point-source (NPS) character of agricultural
pollution, originating from the associated uncertainty or incomplete information about
the location of polluting sources, their contribution in the aggregate pollutant
concentration and their distinctive characteristics, standard instruments of
environmental policy such as Pigouvian taxes and tradeable permits can not be easily
employed. In this context NPS pollution control has focused on other elements that
may be observable such as polluter's choices (input-based schemes) and the
consequences of polluters' actions (ambient-based schemes), as well as, policy
schemes based on a new type of interaction between the regulator and polluters, the

so-called Voluntary Approaches.

In Part I of this thesis the major pollution problems associated with the EU
agriculture, the distinctive characteristics of agricultural pollution as a non-point-
source pollution problem, as well as the policy instruments developed in the
Environmental Economics literature for dealing with these problems are briefly
presented. Emphasis is given on the characteristics of Voluntary Approaches, which is

a new and promising policy instrument for agricultural pollution control.
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CHAPTERI:
European Agriculture and Environment

Even though European agriculture is not a major economic sector,” it is highly
important from an environmental aspect (Baldock et al., 2002). Covering on the average
51% of European Union (EU) territory, farming activities are a decisive factor for
maintaining the viability and diversity of rural communities, landscape and habits, for
facilitating the provision of tourism, recreational facilities and environmental
protection (OECD, 1993). Among the environmental services of European agriculture

arc:

The maintenance of many cultural pastoral and arable landscapes, as well as

semi-natural habitants.

The decline of greenhouse emissions through soil carbon storage and biomass

energy crops.

The conservation of valued cultural landscapes and farmlands with high natural

value in mountainous regions, though low-intensity farming systems.

The promotion of soil conservation through farming practices such as drip or

moderate irrigation.

The conservation and enhancement of biodiversity and landscape diversity

through certain traditional or "leaky" irrigation systems.

However, despite the potential beneficial environmental services farming activities

have been responsible for a series of environmental pressures, such as:

— Loss of biodiversity due to abandonment of farming activities, drainage of

wetlands, irrigation of arid lands and ploughing up of unproved grasslands."

*Agriculture contributes about 1.8% of EU GDP.

* There is evidence that the 1950s in a UK RAMSAR site an average of 35 species was recorded in
spring-fed areas but by 1992 only 5 species were found.



— Threats to high natural value farming systems and traditional forms of
agriculture in marginal areas due to economic trends, enlargement and

intensification.

— Loss of landscape diversity and quality as well as decline in important habitants
and species due to increasing production scale, homogenization of landscapes;
intensively managed and irrigated farmlands; lowland dairying, along with

large-scale and long-distance water transfers.

— Degradation of soil quality in the form of reduced organic content, acidification,
salinity and soil erosion due to heavy machinery use, excessively large field

sizes and abandonment of hand-irrigated traditional terrace agriculture.’

— Degradation of air quality through the production of ammonia, methane,

. . 6
greenhouse gas emissions and toxic substances.’

—  Degradation of water quality in the form of eutrophication, salinization of

groundwater, pesticide and fertilizer contamination, as well as soil sediment.

In the presence of such externalities regulatory intervention is required to induce
farmers internalize the externalities to operate in the socially optimal way. However,
agricultural pollution problems fall into the category of non-point-source (NPS)
pollution problems a fact that sets restrictions in the design of agri-environmental

policy.

1. Agricultural Pollution: A Non-Point-Source Pollution
Problem

In the environmental economics literature pollution problems are classified as point-
source (PS) or non-point-source (NPS) problems. This categorization is based on the

available information and particularly on the degree of uncertainty or incomplete

° Water erosion in Portugal and Spain is recorded to 22 tons/hectare per annum.

°In several EU countries agriculture accounts for 95% of ammonia emissions, where 80% arises from
livestock wastes and most of the reminder from nitrogen fertilizers. In 1990-1997 agriculture
contributed about 11% of total EU greenhouse gas emissions.

’ Residual nitrogen, or else know as nitrates leaching, is potentially one of the most notable and widely
discussed, in economic literature, agricultural pollution problems.



information about the location of polluting sources, the magnitude of their
contribution in the aggregate pollutant concentration and their distinctive
characteristics (Kaplan et al., 2003). In a PS problem there is perfect information
regarding individual emissions, while the opposite occurs in a typical NPS problem.
Agricultural pollution is a typical NPS problem and probably the most important.
There is evidence that agricultural non-point sources represent over 90% of the

nitrogen load flowing into the Gulf of Mexico (Cason et al, 2003).

Hence, given that the most important problems associated with EU agriculture are
predominantly NPS pollution problems, emphasis is given on the non-point-source
features of agricultural pollution and the many aspects of the problem that should be

considered into the design of an effective EU agri-environmental policy.

1.1 Point-Source Pollution Problems

The pollution problem is a “pure” point source problem if there is perfect information
and complete certainty of the location of polluting sources and the individual
contribution to aggregate pollution (Kaplan et al., 2003). This is a full information
framework that marks the one end of the spectrum of pollution problems (Kaplan et
al., 2003), since a pollution problem is also defined as point-source under an
incomplete information framework if the regulatory body can eventually identify the
origin and the amount of agricultural pollutants with sufficient accuracy and at a low

cost.

Point-source pollution is associated with fixed sources usually emitting high levels of
pollutants in a well-defined location (Owen et al., 1998). For instance discharges of
waste water from the pipes of industrial plants into a stream are point sources of
nitrogen emissions (EC, 2004).” To internalize the external cost of pollution and thus
induce individual agents to manage the emissions of pollutants at the socially
desirable levels, emission-based instruments can be applied (Xepapadeas, 1995). Such

regulatory policy instruments are distinguished in:

“Even though industrial emissions measured at the factory's pipes are considered as PS pollution their
further consequences on soil or water are classified as NPS pollution. Therefore the distinction between
PS and NPS pollution is not always clear-cut (Cochard, 2003).



— Charges per unit of emissions, known as Pigouvian taxes.
— Systems of marketable emission permits.

— Direct controls on emission levels.

— Subsidies as rewards for emission reduction.

— Deposit or refund systems according to whether certain prespecified conditions

of behaviour are satisfied by a potential polluter.

Under certainty and perfect monitoring emission taxes or permits are preferable since
they directly deal with the source of discrepancy between private and social costs
(Schmutzler and Goulder, 1997) and the first best solution is straightforward: each
polluter should pay the marginal external costs of his emissions according to the well

known polluter pays principle.

1.2 Non-Point-Source Pollution Problems

The pollution problem is a “pure” NPS problem if the regulatory body has no
knowledge of the location of polluting sources or the individual contribution in
aggregate pollution (Kaplan et al., 2003).” Nevertheless, a pollution problem is called
NPS problem - or second generation pollution problem (Xepapadeas, 1995) - mainly
because the estimation of individual emissions is a technically very demanding task

and potentially prohibitively costly (Cochard, 2003). In general:

NPS pollution can be characterized as an information or uncertainty
problem, where informational issues are the core of NPS externalities
analysis and the question “What information is available at what cost?”
plays crucial role in the determination of the best regulatory mechanism

(Cabe and Herriges, 1992; Kaplan et al., 2003; Legras, 2004).

Potentially the most important feature of NPS problems is the associated uncertainty
about decision makers (polluters) and the degree of each agent's responsibility. In
short the origins of this uncertainty can either be attributed to stochastic influences

affecting fate and transport of pollutants, the great number of sources of pollution

’This extreme information framework marks the other end of the spectrum of pollution problems
(Kaplan et al., 2003).



emissions that can be either static (farms, households) or mobile (vehicles), and /or
the regulator's inability to infer individual emissions from ambient pollution levels or

inputs used (Xepapadeas, 1995).
Specifically the non-point-source pollution problems are characterized by:
e '"Stochastic pollution processes'

NPS emissions are typically unobservable, stochastic and site-specific (Classen and
Horan, 2001; Horan R.D. et al., 2002). Stochastic pollution processes do not only
result from variability in natural processes (i.e. weather, topology) (Kampas and
White, 2004) but also by technological uncertainty (Xepapadeas, 1992a) such as
equipment malfunctions, variations in input quality and process upsets (Malik, 1993).
In a NPS pollution problem only ambient pollution can be observed at prespecified
receptor points, but no specified portion of the pollutant concentration can be
attributed to a specified discharger (Xepapadeas, 1991) - only quantified

approximations can be made (Franckx, 2002; Camacho and Requate, 2004).

e "Multiple dischargers and diffuse pollution"

By definition NPS pollution sources are numerous and spatially distributed (Legras,
2004), while NPS pollution is diffuse in origin, originating from a wide range of
actions and geographic locations (Herriges et al., 1994). The fundamental relation
between polluted area and source is not known with certainty (Kaplan et al., 2003). It
is difficult and very costly for the regulator to obtain information that enables him to
link the damage to the responsible agent among a large population of potential
polluters (Millock and Zilberman, 2004) due to the off-site consequences of
individual chemical applications (Cabe and Herriges, 1992) that involve moving and

mixing over large areas (Larson et al., 1996). In particular:

The effects of nitrate leaching can be felt and measured (if at all) after they
have entered the ecosystem, but identifying the sources of pollution may
be impossible since agricultural pollutants do not enter waterbodies at a
defined point, they dissipate quickly and the area vulnerable to pollution is
extensive (Chambers and Quiggin, 1996; Johnson et al., 1991; Helfand
and House, 1995; Kampas and White, 2004).



The pollutant can cause harm in multiple zones due to biogeophysical processes (Wu
and Babcock, 2001) that transform human activity in one place into chemical
concentrations in another (Cabe and Herriges, 1992), which are also affected by
stochastic environmental variables that influence the transport and the fate of

10
pollutants.
e "Monitoring and measurement inefficiency"

By definition individual emissions can not be observed directly or be inferred
indirectly by observed inputs or ambient pollution concentration (Xepapadeas, 1997).
Even though individual emissions could be approximated through inspection and
monitoring (Cremer and Gahvari, 2002), the extent of controls is often limiting
(Kaplan et al., 2003). Such an inability to monitor and measure efficiently individual
emissions or abatement efforts is associated with budgetary restrictions related to the
cost of monitoring technology, personnel limitations or legal restrictions such as the
inability to enter polluters' premise (Xepapadeas, 1991). These limitations are more
noticeable when continuous monitoring is required (Schmutzler and Goulder, 1997)
since it is relatively easy to determine whether adequate abatement equipment has
been established but it is difficult to verify that the equipment is operating at the
desirable level (Xepapadeas, 1991). It is notable that even though the current
monitoring technology renders prohibitive the accurate measurement of emissions at
reasonable cost and introduces uncertainty about nonpoint emissions and their fate

(Shortle et al., 1998):

The classification of an individual source of pollution as NP may change
over time as monitoring technology advances and the cost of monitoring

declines (Millock et al., 2002).

An important difference between the PS and NPS regulatory mechanisms is the cost
structure for the acquisition of information regarding important parameters of the

problem such as individual emissions (Cabe and Herriges, 1992), often creating an ill-

"In the case of waterbodies pollution the number of involved agents can be restricted to those located
above the watertable (Legras, 2004).



posed estimation problem (Kaplan et al., 2003).'' Moreover, limitations on the
capability of existing monitoring technology (Millock et al., 2002) impose some
imperfections since the regulator may not correctly infer the existing pollution state
and erroneously fine a farmer (Malik, 1993). For agriculture it is extremely difficult
and expensive to determine how much a certain action pollutes ground or surface
water (Underwood and Caputo, 1996), as well as to monitor and determine the

groundwater pollution and quality (Cabe and Herriges, 1992).
e "Informational asymmetries"

NPS pollution problems operate in a setting of incomplete information and dual
information asymmetry (Cason et al., 2003)."” Neither the regulator nor farmers have
full information, instead have access to a subset of the information set (Horan et al.,
2002). Imperfect knowledge of relevant physical processes and ambient
concentrations, along with uncertainty about the exact specification of emission, the
nature of transport mechanism is experienced both by the regulator and the farmers. "’
However, the information often needed for policy design is only known by those who
are to be regulated (Wu and Babcock, 2001) and this is one reason why it is
particularly impossible to achieve the first-best solution to NPS pollution reduction
problems (Sauer et al., 2003). The regulator is usually unfamiliar with the full range
of microeconomic parameters of the problem (Sauer et al., 2003) and has limited
information about the strategic environment of private polluters, who have better
information about aspects of their operation - such as production techniques,
abatement or polluting input choices (Cremer and Gahvari, 2002). Moreover, benefits
and environmental damage costs are not well known and some times are completely
unknown by the regulator due to either imperfect information about the true costs and
benefits of pollution abatement or stochastic factors (Wu and Babcock, 2001;

Spraggon, 2002). Thus:

Under such informational asymmetries the NPS pollution problems are

"'This can be avoided if the regulator could wait for a sufficiently long time so that data are collected,
to balance, in any given period, the number of observations with the large number of polluting sources.
However there is a risk that irreversible damage could occur in the mean time (Kaplan et al., 2003).

] 2 . .
They are often casted as non-cooperative, asymmetric games.

“They both form different priors on the distribution of the unknown factors (Cabe and Herriges 1992).



subject to moral hazard in teams, characterized by hidden actions, and/ or

adverse selection.

Moral hazard is defined as the incentive problem of inducing polluters to provide
socially targeted levels of abatement effort given that their actions cannot be
effectively monitored (Herriges et al., 1994)." In this case polluters choose higher
emission levels (lower abatement level) than the socially desired to increase their
profits (Xepapadeas, 1992a), since their actions can not be observed and expected
costs of shirking are lower under this information barrier. On the other hand, adverse
selection is associated with the inability to know the specific characteristics or type of
each polluter (Xepapadeas, 1999). Agriculture is a collective enterprise where the
outcome of all dischargers' combined effort is observed by the regulator (e.g. in water
quality terms), while the exact conditions under which production takes place cannot
be observed (nitrogen use) (Chambers and Quiggin, 1996) and thus the individual
contribution to the team's output (nitrate leaching) is not distinguishable (McAfee et
al., 1991). Therefore in a situation characterized by such informational asymmetries it
is impossible to charge agents according to their individual emissions productivity.
Difference between socially and individually optimal actions is observed, leading to
inefficient equilibria and environmental shirking that involves too little effort and too
much pollution (Herriges et al., 1994). Consequently, the relative performance of NP
pollution controls depends on their effectiveness to reduce environmental shirking

(Shortle et al., 1998).

2. Modelling of Agricultural Pollution as Non-Point-

Source Pollution Problems

Since the interdependence between agriculture and environment is becoming more
apparent, the formal modelling of agricultural pollution is becoming necessary. In the
majority of environmental economic literature this is mostly done in the context of
optimization models, which have been regarded as providing and adequate description

of the mechanisms underlying the agents actions (farmers, regulators), even if actors

““Moral hazard occurs whether the relationship between individual net emissions and ambient
concentration levels is deterministic or stochastic (Xepapadeas, 1991).



are not strictly speaking maximizing. '~ These maximization problems faced by
farmers and regulators, can be defined under various contexts, given that the
generation of pollution is a flow variable but its impact could be related to a flow or a
stock variable. Henceforth the NPS pollution model is analyzed under a static and
dynamic context, as well as under an asymmetric information framework. Finally,
given that pollution in the form of agricultural pollutants is widely recognized to be
stochastic (Malik, 1993) the problem is defined in a context of certainty and

uncertainty.
. Under certainty

In the static context ambient pollution is a deterministic function, strictly increasing in

' Each polluting farmer

productive inputs and strictly decreasing in abating inputs.
choose the input vector that provides the maximum private net benefits from
production in the absence of any regulatory intervention,'’ while the regulator seeks
to achieve an efficient allocation of resources that maximizes social net benefit
resulting from agricultural operations. On the other hand, in a dynamic context the
deterministic model is described by the evolution of the pollution stock as determined
by collective emissions generated in each time period and the amount of pollution
removed through natural processes (Xepapadeas, 1997).'" Individual farmers seek to
maximize the present value of their payoff function under different behavioural rules

regarding the evolution of pollution stock: myopic, open-loop or feedback,’ while the

regulator seeks to maximize the present value of social welfare by choosing the

“This is the well known "as if'" argument in economic theory, where agents are regarded as if
maximizing some objective function, since the outcome of their observed behaviour can be explained
in terms of maximizing behaviour. Thus models based on maximizing behaviour can be used to explain
the underlying mechanisms that generate observed data.
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For further details see Xepapadeas (1997).
' Farmers may also target the maximum utility from profits or the minimum abatement costs.

" Pollution accumulation can also be augmented by an additional term representing either an internal
positive feedback loading mechanism of the pollutant (Brock and Starrett, forthcoming; Méler et al.,
2003), or the abatement rate undertaken by farmers (Huhtala and Laukkanen, 2004).

" In practice the stock of pollutants can negatively affect agricultural production (Xepapadeas, 1997).
If farmers systematically ignore the evolution of pollution stock and treat it as fixed (Xepapadeas,
2005b), they adopt the myopic behaviour rule and they actually face a static problem. Under the open-
loop (OL) information structure each farmer takes into account only the initial state of the system,
while under the feedback (FB) information structure the current state. For further details about the
analysis of these information structures see Xepapadeas (1992a), (1997) and (2005b).



optimal path of the input vector for each farmer, subject to transition equations

reflecting the dynamic constraints of the problem.”’
e Under uncertainty

The agricultural ambient pollution model is augmented in the static context’ by
stochastic elements that may affect emission generation and abatement, as well as
transport and fate of the pollutant.”” In the dynamic context uncertainty could be
modelled by a stochastic term, introduced into the model through a stochastic process,
known as Brownian motion or Wiener process. Under such an uncertainty framework
both the static and dynamic maximization problem of the individual farmers and the

23 . .
regulator,”” is expressed in expected value terms.
. Under asymmetric information

The ambient pollution is a stochastic function of input choices and a scalar
parameter”’ representing the type of the discharger augmented also by a random
variable reflecting observation errors of individual emissions (Xepapadeas, 1997).
The considered heterogeneity parameter is incorporated in the maximization problem

of both the regulator and individual polluting agent.

3. Policy Instruments for Agricultural Non-Point-

Source Pollution Control

20 . . . .
! Environmental damages are now defined as an increasing and convex function of the accumulated
stock of nitrate emissions.

“'For further details about regulation under uncertainty see Horan et al. (1998), (2001) and (2002), as
well as Shortle et al. (1998) and Cochard (2003).

** For a more specific ambient nitrates pollution model see Fleming and Adams (1997).

** Stochastic processes influence the economic consequences of ambient pollution concentration levels
(Horan et al., 1998), making difficult to measure the true cost of damages (Fleming and Adams, 1997).
Under such a context the regulator can alternatively maximize the objective function under a "generic
goal" that can involve a lower bound on expected private net benefits, an upper bound either on private
pollution control costs (Horan, 2001) or on expected ambient pollution (Cochard, 2003). Finally, in a
risk-averse society the regulator wishes to maximize the expected social welfare from the utility of
profits and damages (Horan et al., 2002).

" The heterogeneity characteristic can embody the farmer's ability, proximity to a receiving body, soil
composition (i.e. higher quality soils utilize chemicals better) (Xepapadeas, 1997), soil retention
capacity, costs of abatement (Spulber, 1988), or pollution generation efficiency reflected by an index of
efficiency in input use (i.e. the energy efficiency of a car) (Millock et al., 2002).



The theory of environmental economics mainly involves agents (farmers and
regulator) who adopt an explicit maximizing behaviour, seeking to achieve the
allocation of resources that maximizes their respective payoff functions. After
comparing the optimality conditions resulting from the regulator's and farmers'
problems in the various contexts, it is evident given the associated environmental
externalities that that there is deviation between the social and private optimal
choices. In the unregulated competitive market farmers over-pollute, since they do not
take into account the external effects of their production choices on ambient
environment. The first fundamental welfare theorem, which implies that the market
economy leads to a Pareto optimal result, is violated. Hence, in the absence of policy
interventions unregulated market fails to induce farmers to operate in a way that
would result in the socially optimal environmental pollution, leading to sub-optimal
equilibrium and calling for regulatory intervention and the introduction of
environmental policies to bring competitive equilibrium closer to the social optimum

without impeding agents' maximizing behaviour.

NPS pollution is a major source of environmental quality problems in developed
countries which have advanced pollution policies and a growing cause of
environmental degradation in developing countries (Shortle et al., 1998; Horan et al.,
2002). Public concerns about the adverse impacts of agricultural production practices
have drawn attention towards policies for environmental improvements in the area of
NPS pollution. Even though there is a substantial agreement that more aggressive
NPS control policy is needed, there is less agreement about the kinds of actions that
represent good policy (Shortle et al., 1998). The characteristics of NPS agricultural
pollution limit the range of potential policy instruments and also the efficiency of

many remaining options (Horan et al., 2002; Classen and Horan, 2001).

By definition NPS pollution problems are not susceptible to traditional direct policy
controls, since they are based on individual emissions that are unobservable and
typically stochastic. Standard instruments, such as Pigouvian taxes, tradeable permits
and emission standards, appear to be inadequate to handle efficiently the NPS
pollution problem and deliver the Pareto optimum outcomes, in terms of

environmental quality (Xepapadeas, 1999). Even though the regulation of NPS



pollution problems such as the nitrate pollution of water resources is a major policy

challenge (Hansen, 2002; Cochard et al., 2004), it is:

the combination of inability to employ emission-based policy and
agricultural land features that makes NPS pollution unique and more

difficult to control than PS pollution (Wu and Babcock, 2001).

Due to the limited relevance of emission-based economic incentives NPS control has
focused on other elements of NPS pollution problems that may be observable. Policy
schemes based either on output, inputs, emission proxies, ambient pollution or ex post
liabilities for real damages are among the options of the regulatory authority. It is
evident that the potential NPS measures can either be associated with polluters'
decisions (inputs, management practices and technologies) or with the consequences
of their actions (output and ambient pollution) (Cochard, 2003). These measures can
be further distinguished in fiscal approaches (price-based) consisting of tax or
subsidies, and command-and-control approaches consisting of mandated technologies

or performance standards (restrictions on inputs or outputs).

In economic literature relative emphasis has been given on fiscal policy schemes that
can be classified into two main classes of policy schemes: input-based schemes and
ambient-based schemes. Input-based measures are purely individual schemes that
involve the indirect control of ambient concentrations through the control of
observable inputs, related to the creation of emissions. Particularly, they include non-
uniform or uniform taxes for inputs that increase NPS emissions, as well as subsidies
for inputs that reduce NPS emissions such as observed pollution control equipment
(Shortle et al., 1998). On the other hand, ambient-based schemes are dependent on
observed ambient pollution in a given receptor point. They involve direct control of
ambient concentrations either through collective or random penalties, with budget or
nonbudget balancing features. This category also includes NPS instruments consisting
of collective ambient and individual Pigouvian charges, known as mixed-based

schemes, which can be regarded as a separate NPS policy instruments.

In short the existing policy options for NPS pollution problems, under each

potentially available information set, are:



Available information Potential regulation
Input use may be observable Input-based schemes

Unobservable or

Individual emissions observable at very no regulation
high cost
Ambient pollution may be observable Ambient-based schemes

Source: Cochard F., (2003)

The environmental economics literature has managed to provide a substantial body of
environmental policy instruments to deal with agricultural NPS pollution control.
Over the last two decades a number of approaches have been developed and
implemented in order to deal with agricultural NPS pollution problems. The policy

schemes developed in environmental economic literature are discussed briefly below:

3.1 Effluent-based Schemes

Even though measures based on individual emissions are not widespread in practice,
they form the theoretical foundation of the most applied measures of environmental
policies. ”” For the case of agricultural NPS pollution an emission-based policy
scheme is in principle designed on the basis of nitrate leaching generated by farms.
Such instruments include charges, known also as Pigouvian taxes, which can either be
linear to individual emissions, nonlinear or piecewise linear (Schmutzler and Goulder,
1997) or state-dependent (Cochard, 2003). ° Uniform or nonuniform emission-
reduction subsidies, as well as performance standards can be employed to handle the

NPS pollution problem.

Such emission-based policy schemes can be imposed to all farmers in the regulated

region or to only a fraction of randomly inspected agents given the monitoring costs

> Examples of emission-based tools are the Swedish NO, charge and the Japanese SO, charge, based
on metered emissions (OECD, 1994).
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The linear tax rate induces the socially optimal individual discharge and pollution stock level only if
the farmer uses a single input. If more than one input is used then it is overdetermined (Cochard, 2003).



of actual emissions (Cochard, 2003).”’ Nevertheless, under imperfect monitoring
Pigouvian measures can be imposed on all farmers based on imprecise estimates of
individual emissions (Schmutzler and Goulder, 1997),” or on information provided
by polluting agents themselves (Schmutzler and Goulder, 1997; Cremer and Gahvari,
2002).” Relative to the availability of monitoring technology three different types of

emission-based policy schemes can be employed (Millock et al., 2002): "

» A lump sum tax applied uniformly to all farmers if no monitoring technology is

available.”’

» Nonuniform Pigouvian taxes imposed on all farmers if monitoring technology is

mandatory.

» Differentiated taxation if monitoring technology is voluntary. A nonuniform tax
scheme based on individual emissions is imposed on the adopters of monitoring
technology, while nonadopters pay a uniform lump sum tax. Particularly,
adopters face a linear tax per unit of emissions they generate and are subsidized
for any overestimate of pollution, measured before they installed monitoring

equipment.

Emission-based instruments are also considered under an asymmetric information and
dynamic context. Under the alternative behavioural rules adopted by farmers

regarding the evolution of pollution stock (i.e. myopic, open-loop and feedback), time

*" The smaller the auditing probability is, the higher the tax rate is, threatening the financial hypostasis
of operations and increasing the risks of bankruptcy (Cochard, 2003). Even though greater monitoring
effort amounts to a greater number of monitored farms (Schmutzler and Goulder, 1997) and decreases
bankruptcy risks, it might not be desirable by society to incur additional monitoring costs.

* This turns individual tax payments partly random (Schmutzler, 1996) and introduces an undesired
unpredictability of emission tax payments.

It could be considered equivalent to self-reporting - that is nearly universally needed for regulation of
water pollution and toxic/ hazardous chemical releases (Malik, 1993). Moreover, such policy schemes
involve fines for agents submitting dishonest reports.

* The policy schemes involving self-reporting and monitoring - Millock et al., (2002), Cremer and
Gabhvari, (2002), Schmutzler and Goulder (1997) - are based on the assumption of perfect monitoring
technology allowing the accurate revelation of discharge levels. Imperfect monitoring implies that the
regulator can erroneously fine a farmer even though he has met the standard (Malik, 1993).

*! For instance, municipal waste charges for households are generally levied at flat rates, with each
household paying a fixed sum, unconnected to the quantity of waste actually supplied (OECD, 1994).
However, in the case of agriculture such policy schemes decrease ambient pollution only at the
extensive margin and threatens the economic viability of the less productive farmers (Millock et al.,
2002), given that in the case of agriculture, nitrates entering a river at different places with different
assimilative capacities have different impact on ambient pollution (Helfand and House, 1995).



dependent, farm-specific effluent taxes (or subsidies) are imposed (Xepapadeas,
1992a; Miler et al., 2003). However, such policy instruments require continuous
change of tax rates and knowledge of individual emissions, shadow costs, in addition
to the behavioural rule followed by agents. The dynamic Pigouvian tax scheme can be
modified to a second best scheme that can either be time invariant, considering that
the desired emissions are kept constant for the whole time period, or even allow for
discrete changes (or shaped-in policies) over time (Xepapadeas, 1997). " Time
invariant taxes rates can also be determined by the corresponding steady state values

under the alternative behavioural rules (Xepapadeas 2005b).

Finally, under asymmetric information the effluent-based policy scheme defines
individual effluent levels and individual taxes for each polluter based on messages
received by all farmers regarding the heterogeneity parameter (i.e. cost, ability)
(Spulber, 1988).” It is worth mentioning that full information policies are feasible if
policy schemes are supplemented by a costly subsidy for truth-telling. Given,
however, the formidable amount of required information, the scheme is modified to
the second best that does not require private information or even relays on uniform tax

rates (Cochard, 2003).

3.2 Input-based Schemes

In the context of NPS pollution problems, individual discharges are not directly
observed and thus emission-based schemes are not in generally feasible. Nevertheless,
the inherent informational constraints can be circumvented through input-based
schemes that are more feasible for NPS pollution control (Helfand and House, 1995)
and have been recognized as substitutes for direct taxes on negative externalities
(Shortle et al., 1998). Such policy schemes have been suggested as a means to induce
changes in farmers' behaviour and there is economic evidence that they can be
effective in bringing changes in resource allocation, depending of course on how they

are structured (Johnson et al., 1991; Shortle et al., 1998).

“In the latter case the second-best tax rate can be improved over time, however this is strongly
dependent on the necessary adjustment cost.

** In a reduced-form each farmer’s incentive scheme depends on his responses (Xepapadeas, 1997).



Under the assumption that the agency knows each individual farm's physical attributes
the marginal conditions for an efficient solution can be replicated if a set of
differential linear taxes rates or performance standards are imposed on each polluting
agent for each input choice affecting agricultural pollution (Shortle et al., 1998; Wu
and Babcock, 2001)."" An input tax / subsidy policy scheme can be also used,
imposing a vector of input tax rates on inputs that increase a detrimental externality
and providing a vector of subsidy rates on inputs that reduce it (Shortle et al., 1998)."”
Moreover, nonuniform design standards can be employed to require the use a specific
technology or practices that can either be pollution prevention technologies that
reduce the use of polluting inputs per unit of output or pollution-treatment
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technologies that reduce nitrate pollution (Abler and Shortle, 1995).

Given the often extreme spatial variation of the agricultural resource base, such
efficient input-based NPS pollution control may be administratively costly and
informationally demanding (Classen and Horan, 2001), or even impossible. Indirect

nonuniform measures are modified to the second-best, applied on a single or a subset

' Several restrictions on water use have been imposed in US, while in Denmark the Aquatic
Environment Action plan of 1987 defines standards for manure storage capacities and manure
application on agricultural land (OECD, 1993). Land set-aside is the most notable production input
constraint and under Agenda 2000 a long-term set-aside mechanism (ten years) for arable land is
proposed in place of the existing rotational set-aside (EC, 2004). Apart of land the EU agricultural
input-based policy schemes imply the development of policies on inputs such as fertilizers, pesticides
and water.

* Input taxes can be imposed on fertilizer use such as nitrogen, potassium and phosphate (Austria,
Finland, Norway, Sweden), while subsidies can be provided for less polluting fuels such as natural gas
(Canada), as well as for irrigation (Japan) (OECD, 1993). Particularly, in Austria there has been a levy
on fertilizer use since 1986, imposed per kg of pure nutrients contained in inorganic fertilizers (i.e.
nitrogen, potassium, phosphate). In the same context in Norway a general tax of around 15% on
fertilizers is introduced and a list of approved fertilizers for agricultural use is renewed every five
years. Finally, in Finland a tax on phosphate fertilizers has been operation since 1990, while in Sweden
a tax on both nitrogen and phosphate is implemented. It is notable that in Japan irrigation subsidies are
not regarded as environmentally undesirable and no salinity problems have been detected since their
introduction. However, the provision of production input-oriented subsidies, such as grants for draining
wetlands or cleaning woodlands, may have direct and indirect negative environmental effects (i.e.
wildlife habitat destruction) (OECD, 1993).

**Such a design standard can imply the use of reduced tillage, establishment of buffer strips,
construction of manure storage facilities, land retirement (Segerson and Wu, 2006), heat sensors to
determine soil moisture, soil erosion control to minimize surface runoff (Owen et al., 1998), drip
irrigation, integrated pest management and site-specific farming (Isik, 2004). A known example of
design standards is the Best Management Practices (BMPs) to reduce erosion or runoff, used by US
agricultural pollution control programs (Helfand and House, 1995).



of inputs,”’ which are both relatively easy observed and often imperfectly correlated
with ambient impacts (Shortle et al., 1998; Schmutzler and Goulder, 1997; Huhtala
and Laukkanen, 2004). The fact that nonuniformly regulated inputs can be subject to
resale among farmers (Shortle et al., 1998; Helfand and House, 1995), requires that
input-based schemes should be applied at uniform rates across producers (Classen and
Horan, 2001), involving identical taxes, restrictions or more precisely pre-acre
restrictions. Such second-best indirect measures can be imposed broadly on all
farmers (Helfand and House, 1995) " or target certain categories of polluters
operating on certain soil types (i.e. coarser more permeable soils) or employing

certain production systems where pollution is most likely to occur (Mapp et al., 1994).

The system of farm-specific, per-unit input tax / subsidy rates under uncertainty can
also include a covariance term acting as a risk premium or reward (Shortle et al.,
1998) to correct marginal incentives for input use.”’ The substitution effects of
restricted "’ and unrestricted inputs on expected damages, as well as the input and
output market price effects created by the tax must also be considered in the

agricultural NPS regulations.

To deal with agricultural NPS pollution the dynamic input-based schemes can involve
a vector of continuously changing, farm-specific input tax and / or subsidy rates,
evaluated under the alternative informational structures adopted by farmers regarding

the evolution of pollution stock. Given the informational requirements of such policy

" Water and nitrogen appear to be the key variables for nitrate production (Helfand and House, 1995)
and are highly correlated with water pollution (Abler and Shortle, 1995). Thus the regulation of both
nitrogen and water use is effective in reducing nitrogen leaching (Wu and Babcock, 2001). However,
often policy-schemes involve the regulation of a single input, since coordination among all the agencies
- authorized to monitor or regulate inputs without authority over each other (Helfand and House, 1995)
- to get taxes right can be difficult at best (Larson et al, 1996). If only one input is to be taxed or
constrained then water appears to be the preferable input to regulate (Helfand and House, 1995;
Fleming and Adams, 1997; Larson et al., 1996), especially when it is administered by a water district.

** Broad policies are imposed either uniformly on all land types or are set at per-acre level basis (Mapp
et al., 1994). Even though they are inefficient in NPS problems (Underwood and Caputo, 1996) since
potential gains from differential treatment of polluters are eliminated (Shortle et al., 1998), they may be
preferable in the agricultural case because they may be easier to administrate and seemingly more fair
to producers and resource owners (Classen and Horan, 2001).

“’If the number of farmers is not optimal then an additional instrument would be necessary to guarantee
that the optimal number of farmers (Shortle et al., 1998).

“"A restricted input must be verifiable (Nyborg, 2000) in the sense that it is covered by a formal tax
base and can be enforced by a third party (i.e. legal court), otherwise farmers can refuse paying the tax.



schemes, the input-based regulation is modified to the second best involving either
time invariant instruments determined by the corresponding steady state values or
semi-time invariant instruments allowing for discrete changes over time. Under
strategic interactions the dynamic input policy scheme can be based on a linear
Markov perfect tax rule that is linear in inputs and depends on the current pollution
stock level (Legras, 2004). The purpose of such a tax rule is to send the polluters a
message that the more inputs they use now, the higher their emissions are and thus the
higher the pollution stock and their future tax liability. Dynamic input-based tools can
be modified to account of quantity-quality problems (Xepapadeas, 2005b),"" where
the tax scheme imposed on irrigation water has an element accounting for water
overextractions and another for excess pollution. Finally, under asymmetric
information nonlinear or linear (Xepapadeas, 1997) input-based mechanisms are
defined in terms of adverse selection models (Hansen, 2002), where individual tax
rate are based on agent's input use and revealed information regarding the type of all

farmers, given that truth-telling is pursued.

3.3 Output-based Schemes

Within the price-based approaches the regulator can also impose taxes on outputs that
are closely related to emissions but often imperfectly correlated with them
(Schmutzler and Goulder, 1997). The idea behind the implementation of such
measures is that the regulator can rely on output quantities to receive information
about the emission levels and thus impose output taxes to control nitrate emissions
(Schmutzler, 1996). Thus output taxes have a Pigouvian role (Cremer and Gahvari,
2002) and can substitute emission taxes, inducing thus first-best outcomes. It is worth
mentioning that in the context of the EU policies that land-set-aside is primarily a
policy instrument to control output supply which at the same time can be beneficial to

the control of agricultural pollutants (Kampas and White, 2004).

Nevertheless, output-based schemes have been shown to be inefficient instruments in

the long-run (Kampas and White, 2004). Even though output taxes would be more

*'Overextractions have resulted in pollution of groundwater resources because of percolation of
agricultural pollution (i.e. nitrate pollution) or seawater intrusion in coastal aquifers (i.e. salinity).
Moreover, irrigation agriculture puts into danger the sustainability of its use and thus the sustainability
of agricultural production.



sensible to be applied in sectors where small owner-managed operations are dominant
(i.e. agricultural sector), their undeniable disadvantage is that they can only influence
emissions insofar they depend on output level encouraging only a very specific kind
of pollution reduction (Schmutzler, 1996). Moreover, if the regulator cannot measure
output precisely then the mechanism to nitrate leaching control cannot be based on ex
post output, since farmers are the residual claimants and first handlers of the harvest
crop and can understate their output either by consuming it directly or by
misrepresenting actual output (Chambers and Quiggin, 1996). Finally, input
substitution, employing different technologies and abatement imply that a given level
of output may result in different levels of emissions and thus the considered
equivalence between output and emission taxes breaks down (Cremer and Gahvari,

2002).

Nevertheless, output taxes may be useful tools in cases where input taxes induce
substitution from the targeted, less dangerous input to a non-targeted, environmentally
dangerous substance, since they can indirect reduce both inputs even though they do

not induce necessarily the most desirable adjustment (Schmutzler, 1996).
3.4 Ambient-based Schemes

In reality neither individual discharges nor individual productive choices are directly
observed in a NPS pollution problem, rendering thus emission-and input-based
schemes inadequate for regulating NPS emissions in an effective way. Nevertheless,
NPS pollution problems can be handled through policy schemes based on ambient
pollution which is observable or can be measured at a reasonable cost. Such ambient-
based measures shift the location of monitoring from the choices of agents suspected
of contributing to environmental degradation, to the environmental media (Horan et
al., 1998) and have been proposed as a means of reducing administrative information
requirements and monitoring costs associated with NPS pollution control, and

eliminating polluters' incentives for moral hazard (Horan et al., 2002).

For the agricultural case an ambient policy scheme is in principle imposed on the
collective nitrate leaching generated by farms and measured at some spatial locations
- in a static setup - or on the nitrate pollution accumulated at a particular receptor

point (i.e. lake, groundwater aquifer) - in a dynamic context. Five variants of ambient-



based measures are usually met in environmental economic literature, known as the

Segerson type ambient-based schemes (Cochard et al., 2004; Spraggon, 2002):

(1)  Group incentive instrument, involving either a tax plus a lump-sum fine if the

cut-off ambient pollution level is exceeded, or a subsidy and a bonus otherwise.

(i1) Tax / subsidy scheme that combines a tax and a subsidy depending upon

whether the total pollution level is above or below the cut-off level.

(111) Tax scheme involves a Pigouvian tax paid by all polluters on deviations from
optimal aggregate pollution. No subsidy is provided when the group total is

below the cut-off level.

(iv) Subsidy scheme provides a subsidy and lump-sum bonus if total pollution is

equal or below the cut-off level. "

(v) Group fine scheme, or else known as collective punishment, imposing a lump-
sum fine on all whenever their actions result in an aggregate pollution level

above the cut-off level.**

Such ambient measures could be applied nonuniformly if the regulator makes public
the information he must elicit about farmers' profits and emission functions (Hansen,
1998). However, the dissemination of required information is likely to be costly and it
is unlikely that farmers would be able to process easily and accurately (Horan et al.,

2002). Hence, given the trade-off between costs and mechanism design (Larson et al.,

“"The abatement decisions of one polluter reduce the tax payments of other polluters, providing
incentives for coalition formation among polluters to increase abatement above its individually optimal
level (Hansen, 1998), forcing the regulator to pay a large amount of subsidies (Spraggon, 2002).

43 .. . . . . . .
This instrument is undesirable due to the inherent collusion incentives.

“Real examples of collective punishments are certainly found in military and schools, but
environmental ambient taxes are difficult to find since it is seen as a quite drastic form of policy
(Millock and Zilberman, 2004). Nevertheless, the California drainage water policy that threatened to
stop water supply unless farmers had cleaned up their site and developed alternatives to the drainage
canal, as well as the threat to increase the land tax in Florida for all the farmers if the aggregate
phosphorus reduction goal is not met can be considered as representative examples (Millock and
Zilberman, 2004). Moreover, the Dutch water pollution charge involves a fixed tax payment for
households and small firms that is independent of actual emissions (Xepapadeas, 1999). Finally, there
is the experience in Germany, Thailand and Japan for specific types of industries or for specific
locations which are given a chance to attain a certain ambient level of water or air quality, otherwise
charges or even a direct regulation can be imposed by the regulator (Franckx, 2002).



1996), " the ambient-based schemes are applied symmetrically across individuals.
Such uniform policy schemes can also involve state dependent, nonlinear taxes based

46 .
> as well as linear state-

on the effects of polluters’ (environmental damage),
dependent taxes proportional to aggregate pollution (Horan et al., 1998, 2002;

Hansen, 1998, 2002)."’

Ambient-based schemes can be either imposed collectively to all farmers within a
region or randomly on one or more farmers. The fact that collective penalties are
triggered even by small deviations from desired ambient levels (Xepapadeas, 1991)
and that farmers who undertake costly abatement may face a penalty due to
environmental shirking of others, questions the political and ethical acceptability of
collective punishments (Shortle et al, 1998). As alternative random fining
mechanisms are proposed, where only one agent (or more) is randomly chosen™ and
penalized if the cut-off level is exceeded (Xepapadeas, 1991)."" Such collective and
random punishment mechanisms can be formulated either as non-budget balancing if
each farmer is liable for the whole environmental damage, or as budget-balancing’ if

the damage is shared between the group members (Camacho and Requate, 2004).

Under uncertainty both linear and nonlinear state dependent instruments are
determined after the realization of all random variables and are applied uniformly
across all polluters (Shortle et al., 1998). Given farmers’ risk-aversion additional
instruments (i.e. reward) associated with the use of each polluting input need to be

included to account for the risk associated with stochastic ambient tax (Horan et al.

** Ambient schemes could also be spatially applied in the sense that each production (soil) zone faces
its own unique tax scheme (Fleming and Adams, 1997). However, the fact that some local nitrate is
generated by a source upstream should be taken into account.

4 . . . . .
°Farmers perceive that an increase in tax payment corresponds to the increase in damage and they are

automatically penalized for the damage caused by increased emissions (Hansen, 1998). However, the
efficiency of the mechanism is questionable since polluters' emissions are interdependent and polluters
have limited information about their strategic environment (Cochard et al., 2004; Hansen, 2002).

“"They are considered to be the modified Segerson's linear scheme (Shortle et al., 1998).

““Even if he does not constitute the source of the excess pollution, implying that its abatement effort
has not been monitored (Herriges et al., 1994).

* Successful application of the instrument requires participation of all dischargers in the region and
there might be some legal problems in enforcing such a random punishment (Xepapadeas, 1997).

*’According to Spulber (1988) the budget-balancing feature implies that the sum of transfers across
agents sums to zero. Under budget balancing random schemes net collected penalties are redistributed
to the remaining firms.



2002). Moreover, when abatement has two effects on ambient concentration a
variance-based tax scheme utilizing a separate linear tax rate for each effect is
foreseen (Hansen 2002). Finally, if expectations regarding the distribution of
stochastic events influencing ambient pollution are different between farmers and
regulator (Cabe and Herriges, 1992), then incentives must be augmented by an

additional term to correct for differences in expectations.

Dynamic ambient incentive schemes are analogue to Segerson's static Pigouvian tax,
accounting of the endogenous nature of the externality (Xepapadeas, 1992a). The OL
and FB time flexible tax rates are applied uniformly across farmers and depend on
pollutant's shadow cost, discount rate, natural pollution decay rate, and information
structure (Xepapadeas, 1992a). Under uncertainty the given policy schemes are
augmented by an additional element that acts as a stabilizing factor and reflects the
effect of environmental uncertainty (Xepapadeas, 1992a). Given that deviations from
the optimal path can be attributed to stochastic variations in natural pollution
contributions or weather a confidence belt is introduced and charges are imposed if

deviations outside the belt are observed (Xepapadeas, 1992a).5 !

However, in a dynamic setup agricultural nitrate ambient pollution can be attributed to
polluting activities that go back many years, implying that in each period active
polluters are not fully or at all responsible for the current pollution level and that
responsible agents may have disappeared (Cochard, 2003).°" Therefore, even if
current input choices and emissions are optimal, farmers may be asked to pay an
ambient tax due to a deviation from the optimal pollution stock path observed in the

present but originating in past overdischarges (Legras, 2004).

°! Abatement affects the mean ambient concentration but also its variance. The variance-based measure
is considered to be superior compared to the Segerson's tax scheme and the damage-based tax.

°? It transforms agents' expectations so that, ex-ante, they evaluate uncertainty in the same way as the
regulator, according to the regulator's density function. To mitigate problems arising from expectations'
discrepancy the regulator either educates farmers about his conditional probability function for
uncertain environmental relations, or proceeds in monitoring to acquire information on the physical
processes influencing fate and transport of pollutants to update prior beliefs and thus increase the
policy flexibility (Cabe and Herriges 1992). It is worth mentioning that such problems are not met
under input-based schemes since farmers do not need information about fate and transport (Cochard,
2003).

*’If monitoring shows cheating and the ambient standard is not exceeded then it is considered that there
is monitoring error and no fine is imposed (Xepapadeas, 1991).

“Nitrates and pesticides may take years to move from fields to wells (Shortle et al., 1998).



Finally, under asymmetric information an ambient tax on the deviations between the
optimal and observed ambient concentration of the pollutant is foreseen, which can

lead to under-implementation of inputs and thus under-emissions.

3.5 Mixed-based Schemes

Ambient-based schemes have substantial theoretical appeal compared to input tax
schemes ™~ because there is no need to devise farm-specific policies, and through these
schemes the regulator could optimally coordinate point and NP control without the
need to develop and implement separate point and nonpoint instruments (Shortle et
al., 1998). However, even under complete information they appear to have many and
notable drawbacks that render their final implementation difficult or even
impossible.”* Given the difficulties associated with pure ambient-based instruments, a
combination of policies could be considered an attractive regulatory alternative for
NPS pollution problems regulation. Such policies are known as mixed incentive

schemes, based on individual and collective efforts (Cochard, 2003).

Mixed instruments are drawn on at least two basic instruments and are often superior
to pure tax policies (Schmutzler and Goulder, 1997) since the regulator can gather the
advantages of the several basic instruments (Cochard, 2003) to secure the socially
optimal emission level. They may involve either a combination of ambient and
Pigouvian taxes the relative size of which depends heavily on revealed individual
emissions (Xepapadeas 1995),”" or a system of ambient level inspections if ambient
pollution exceeds the social optimum involving the imposition of fines and

enforcement of statutory regulation at inspected noncompliant farmer (Franckx,

** They seem to reduce the complexity of policy design relative to input-based incentives.

**These disadvantages deal with (i) the collective nature of ambient taxes that weakens of Nash
equilibrium concept and introduces collusion incentives among farmers, (ii) the non-budget balancing
feature, (iii) the time lags in pollution transport, (iv) entry / exit incentives, (v) polluters’ risk-aversion
and their need to know their environmental types, (vi) the difficulty in metering ambient pollution, (vii)
the coordination on a Nash equilibrium and (ix) divergences between regulator's and farmers' beliefs
about the pollution process (Cochard, 2003).

*’In particular, farmers that do not reveal individual emissions pay an ambient tax per unit of deviation
from the cut-off level, while in the intermediate situation between full and no observability farmers
revealing individual decisions pay a Pigouvian tax on individual emissions and a reduced or even zero
ambient tax rate.



2002). " Moreover, when a public random monitoring system is ineffective”” the
policy scheme employs the background threat of a probabilistic collective penalty to
induce self-reporting of accidents in the absence of public monitoring (Millock and
Zilberman, 2004).”” Finally, a two-part penalty system of individual and collective
fines is proposed (Kritikos 2004), targeting a reduction of individual and total

.. 1
emlssmns.(‘

3.6 Concluding Remarks

Apart of these regulatory measures agricultural NPS pollution can be also handled
through liability for damages, land-set aside programs promoted by the EU in the
context of voluntary approach type regulation, markets and moral suasion. Markets
involve trades between PS and NPS emissions permits, even though there is still
question about the appropriate basis for measuring NPS performance (Cochard,
2003). Moreover, moral suasion involves educational programs supplemented by
technical and financial assistance for the reduction of chemical inputs by farmers

(Abler and Shortle, 1995).

Finally, agricultural NPS problems such as nitrate pollution can be handled via
Voluntary Approaches (VAs). This particular new instrument is actually a
complement to a conventional regulatory system since it combines both voluntary and
mandatory tools (i.e. input-related performance standards, ambient taxes), and can be
regarded as a very important instrument of EU's current agricultural policies. VAs are

based on a new type of interactions between regulators and economic actors, and are

**If an inspected farmer is found in noncompliance with the optimum then a fine is imposed and he can
be obliged to incur the cost of compliant technology. On the other hand, non-inspected farmers are not
liable for any tax no matter their compliance status (Cochard, 2003).

“’In the case of water contamination the pollutant dissipates quickly and it may be very costly to trace
the pollution back to its source.

““The excess use of agricultural inputs and thus excessive emissions flow could be perceived as an
accident. If the regulator detects the damage from an accident that has not been reported then there is a
positive probability of a tax imposed on all farmers. Hence, farmers are offered the chance to self-
report the accident and undertake abatement in exchange of a reduced individual fine compared to the
probabilistic collective penalty.

°'If ambient pollution exceeds the target then a collective penalty is imposed on every farmer. At the
same time the regulator can spot-check compliance with individual limits via unannounced monitoring
of arbitrarily chosen farmers and individual linear penalties imposed only on monitored noncompliant
farmers. If found in compliance then the collective penalty is not imposed. Not-inspected producers are
liable for the collective penalty.



usually classified as unilateral commitments, public voluntary schemes and negotiated
agreements. Apart from this first classification there is large list of criteria to further
differentiate voluntary approaches such as: initiator, degree of detail, legal obligation,

sanction types.

Due to the increasing importance of Voluntary Approaches as an environmental
policy instrument and the particular importance they acquire in the context of the EU
policies, the latest available developments in the area are presented in some detail for

the better understanding of the properties and the various aspects of the instrument.



CHAPTER II:
Voluntary Approaches in Environmental Policy

Since the early 1970s environmental policies have focused heavily on command-and-
control regulation to ensure adequate protection of environmental quality. However,
from nearly the beginning these instruments have been widely criticized for being
costly and inflexible (Lyon and Maxwell, 2002), as well as complex and characterized
by interdependencies (Pesaro, 2001). Due to their substantial inability to reverse the
environmental degradation process (Pesaro, 2001), the search has turned towards less
costly and more efficient means of achieving environmental protection goals (Dawson
and Segerson, 2002). Thus regulators turned to market-based incentives such as
emission taxes or tradable permit systems that became increasingly common by the
late 1980s. Nevertheless, a new instrument, namely voluntary environmental
approaches, has recently been added to the regulator's tool box (Lyon and Maxwell,

2003), which goes beyond even market-based environmental regulation.

The expression Voluntary Approaches (VAs) usually means a series of "commitments
from polluting agents or industrial sectors to improve their environmental
performance" (Brau et al., 2001). They are complements to the current regulatory
system and not a substitute, primarily used to alleviate the economic impact of new
environmental laws on heavily affected sectors, as well as to extend the scope and
efficacy of individual air, water, waste and toxic laws (gaeur et al., 2001; Mazurek,
1998). VAs are based on a new style of interaction between public and economic
actors, where all social forces and activity fields participate in the prevention and
maximum possible reduction of environmental impacts, leading from polluter pays
principle to a precautionary and shared responsibility principle (Pesaro, 2001). Such
activities appear to be a sofier form of regulation and, in effect, can be broader and

more encompassing than mandatory requirements and regulations (IEA, 1997).

Such instruments are expected to lead to socially less expensive solutions to given
environmental problems, since they have the potential to reduce both environmental
compliance costs and the associated administrative and transaction costs (Segerson

and Miceli, 1998). They can further increase environmental effectiveness and social



welfare, as well as contribute to innovation processes and information dissemination
(Saeur et al., 2001). However, despite their growing popularity® since the beginning
of 1990s, the novelty of voluntary programs, the lack of data, along with the weak
metering and evaluation methods make it difficult to determine the extent to which
voluntary programs have actually reduced pollution, or reduced abatement and

administrative costs (Mazurek, 1998).

1. Voluntary Approaches: some Introductory Issues

The major features of voluntary approaches as presented in the recent environmental
economics literature are discussed, with the purpose of enhancing our understanding
regarding this environmental policy instrument. In particular, a description of the
various differentiation criteria of VAs, the factors that motivate their establishment, as
well as the economic agents who appear most likely to initiate or participate in VAs
are provided. Moreover, the benefits and drawbacks, as well as the existing
implementation difficulties, are described. Finally, the effectiveness of VAs is
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assessed and some rules about their effective use are presented.”

1.1 Typology of Voluntary Approaches

Voluntary approaches can be classified according to various perspectives, but the
prevailing taxonomy is based mainly on the degree of public intervention, meaning
the degree of public authority's impact on a certain hierarchical level of public
administration (Sauer et al., 2001). Based on this criterion VAs typically fall into one
of Lévéque's three basic categories: unilateral commitments, public voluntary schemes

and negotiated agreements - the distinctive characteristics of which are given below: "’

“’Even though the use of VAs has become more common since the beginning of the 1990s, there are
some precedents of voluntary approaches in the OECD member countries as far back as the 1960s and
early 1970s. For instance, the first environmental agreements between industries and authorities in
Japan and France were reported in 1964 and 1971 respectively (Saeur et al., 2001).

“The review of voluntary approaches is not restricted to environmental contracts designed for the
agricultural sector. Therefore the term "farmers" is often replaced by the term "agents", "polluters" or
"producers".

“These categories of VAs are referred by Mazurek (1998) as “Lévéque’s basic categories” since this
taxonomy was offered by Lévéque (1997).



1. Unilateral commitments.

Unilateral commitments or agreements are environmental improvement programs
undertaken by a single producer or a group of producers and further communicated to
their stakeholders (Brau et al., 2001). Such actions are often encountered in economic
literature as: business-led corporate environmental programs, self-regulation and
corporate environmentalism (Alberini and Segerson, 2002). Their main characteristic
is that the initiative rests solely with the polluters themselves. Even though unilateral
programs may be developed after consultation with governmental bodies (Lyon and
Maxwell, 2002), the regulator does not play any active role in their design (Alberini
and Segerson, 2002). Industries, producers and trade associations prepare their
complete environmental improvement programs, define the environmental goals and
state measures leading to their achievement (Saeur et al., 2001). Moreover, they may
authorize another third party to monitor and resolve conflicts, in order to increase
credibility and the environmental effectiveness of their commitment. The ultimate aim
of such agreements is not only to encourage polluters to voluntarily adopt better
environmental management codes, but also to improve public perception and / or
regulatory goodwill in order to reduce costs associated with permitting and reporting
indirectly, as well as minimize the threat of more stringent regulation (Mazurek,

1998).

It is noteworthy that unilateral agreements usually belong to an industry trade
association (Lyon and Maxwell, 2003), where participation is a condition of trade
association membership and the ultimate sanction for a participant that fails to
implement the established voluntary practice codes or make adequate progress
towards program goals is the threat of dismissal from the trade organization

(Mazurek, 1998).”

Notable examples of unilateral agreements are Arco's voluntary introduction of
reformulated gasoline, the German Industry and Trade Association's plan to reduce
carbon dioxide emissions (Lyon and Maxwell, 2002) and the Czech Association of the

Petrol Industry and Commerce’s initiative concerning fuel quality characteristics

In practice noncompliant participants are mostly provided information and technical assistance, and in
some case sanctions means letters of inquiry at a first stage and terminate with dismissal.



(Saeur et al., 2001). Similar commitments are the 3M's 3P programme, Dow
Corporation's WRAP and CMA's Responsible Care programme (Dawson and
Segerson, 2002). Responsible Care (1988) is the most prominent unilateral program in
the US to date (Mazurek, 1998). The scheme was prepared in response to the
decreasing level of public trust in the chemical industry and to the looming danger of
stricter regulation (Sauer et al., 2001). It aims at regaining society's trust and limiting
regulatory intervention to a level that is acceptable to the industry (Lyon and
Maxwell, 2002). Accordingly, the initiator Chemical Manufacturers Association
(CMA) provided its members with general guidance documents that explain how to
adopt six management practice codes that range from pollution prevention to product
stewardship and allowed participants to use a registered Responsible Care trademark

in order to obtain public recognition (Mazurek, 1998).
2. Public voluntary schemes.

Public voluntary schemes or agreements are environmental programs explicitly
developed by some public body (i.e. US EPA) or a quasi-public but non-governmental
body (i.e. International Organization for Standardization / ISO) and to which polluting
agents and sector associations can only agree with (Brau et al., 2001). The initiator of
such schemes is the regulator who unilaterally determines the rewards and obligations
from participation, as well as the eligibility criteria (Alberini and Segerson, 2002).
Participating agents just agree to certain non-mandatory rules that affect their
activities, technology or management. These rules include the characteristics of the
given program such as the requirements for individual participation, measures to be
undertaken, ways of monitoring commitment’ and means of evaluating the results
(Saeur et al., 2001). Supplementary funds for science and research, technical aid, as
well as rights to use an ecological logo or certification symbol are also provided to
secure a broader and more efficient implementation of voluntary environmental

actions.

“*Progress is monitored primarily via annual self-reports that in some cases are verified by a third,

independent party. However, reporting requirements vary from facility to facility and may be annual,
biannual or quarterly (Mazurek, 1998).



Examples of public voluntary programs are the environmental management systems
certification standards, EMAS and ISO 14000 respectively (Saeur et al., 2001). In this
category fall the Conservation Reserve Program and its successor, the Environmental
Quality Incentives Program (Dawson and Segerson, 2002), as well as the US Green
Lights and Energy Star programs aiming to reduce energy-related CO, emissions or
minimize specific process emissions (IEA, 1997). It is noteworthy that of the 42 US
national voluntary initiatives, 31 are purely public voluntary programs (Mazurek,
1998). The 33 / 50 Program (1991) is the major US public voluntary program,
designed to induce manufacturers to progressively cut the emissions of 17 key toxic
chemicals by providing some favourable publicity and some limited technical
assistance, as well as by signalling the increased threat of federal regulation (Lyon
and Maxwell, 2002). Finally, among the US public voluntary schemes the "AgStar"
and "Ruminant Livestock Efficiency" programs are designed exclusively for the
agricultural sector, aiming to encourage farmers to adopt best management practices

to reduce agricultural methane emissions (Mazurek, 1998).

The EU rural development programs developed under the second pillar of Common
Agricultural Policy (CAP) fall into the category of public voluntary schemes. In order
to promote the competitiveness and viability of the multifunctional farming activity in
a sustainable way, the communal rural development policy promotes a coherent series
of measures that complement the market policy reforms (Pillar I). Such measures are
related to the (i) modernisation of farms,”’ (ii) processing and marketing of quality
agricultural products,” (iii) setting-up of young farmers,”’ (iv) improved conditions

for early retirement,”’ (v) conservation and improvement of ecological stability of the

“’Aid is provided for investments in agricultural holdings that pursue certain objectives such as
reducing production costs, promoting best possible product quality, improving or diversifying
productive activities, conservation and improvement of natural environment, health and hygiene
conditions or animal welfare standards (EC, 2004b).

““The measure aims to increase the competitiveness and added value of agricultural products by
improving their presentation, processing procedures and marketing channels, reorienting production to
new outlets, applying new technologies, monitoring quality and health conditions, encouraging
innovation and protecting the environment.

“’Farmers who are under the age of 40 years and set up in farming for the first time are provided with
aid in the form either of a single premium or an interest subsidy on loans taken to cover establishment
costs.

70 . . . g
Early retirement schemes aim to renew labour force by providing annual support to farmers and farm
workers over the age of 55 years but not yet of retirement age that stop all commercial farming activity



forestry sector, ' (vi) vocational training, * (vii) exhortation of farming in less-
favoured areas, ” as well as the (viii) protection and maintenance of the European
countryside (agri-environment)’* (Garaulet and Lawyer, 1999; EC, 2004a, 2004b).
Actions that promote the environment are the only compulsory element of the rural
development programmes and like the market policy measures (i.e. land usage direct
payments), the provided payments are conditional on compliance with a common set
of environmental provisions (i.e. horizontal regulation) and the principle of cross-
compliance, involving partial or full removal of aid in the event of detected non-

compliance (EC, 1999).

Within the EU territory there is a large number of rural development programs, where
emphasis is given to agri-environmental schemes, indicating the political priority
attached by the Commission to agri-environmental issues. Notable examples of such a
type of public voluntary programs are the UK Environmental Stewardship Scheme
(ESS) and English Woodland Grand Scheme (EWGS), supporting the sustainable
management of landscape, forests and woodlands (DEFRA, 2007a), > the Finnish

Agri-Environmental Programme (FAEP) pursuing reduced fertilizer and pesticide use,

and reassign their land to other farmers or to non-agricultural uses (i.e. forestry, ecological reserves).
Eligible farmers must have practised farming for at least 10 years before stopping, while farm workers
must have devoted at least half of their working time to farm work during the 5 years before stopping.

"' Such schemes offer aid to private forest owners or municipalities to preserve woodlands (i.e.
maintain fire breaks), afforest farm land, proceed in investments on non-farm land to upgrade
harvesting, processing and marketing of forestry products, as well as open up new outlets for forestry
products.

“Training intends to improve the occupational skill and competence of persons involved in agricultural
and forestry activities, facilitate their adaptability to changing market conditions and opportunities, as
well as to raise awareness of environmental impacts and management techniques compatible with
environmental protection and maintain landscape, hygiene and animal welfare (Baldock et al., 2002).

¥ Per hectare compensatory payments are provided to farmers operating in less-favoured areas (LFA)
in order to apply for at least 5 years usual good farming practices compatible with the requirements of
environmental protection, maintenance of countryside and sustainable farming. LFA are areas with
environmental disadvantages (i.e. mountainous areas), with agricultural disadvantages (i.e. number of
agricultural holdings), as well as small areas, hilly regions, wetlands and flood plains, border regions.

"For a minimum 5 year period, per hectare supports are provided to farmers that use agricultural
production methods designed to protect and maintain the agri-environment and aim to promote
environmental planning, extensification, conservation of farmed environments of high natural value
and the upkeep of landscape. A longer period may be set for certain types of undertaking (Garaulet and
Lawyer, 1999).

"The Environmental Stewardship Scheme is built on the success of the Environmental Sensitive Areas
Scheme and the Countryside Stewardship Scheme, while the English Woodland Grand Scheme has
replaced Woodland Grand Scheme and the Farm Woodland Premium Scheme (DEFRA, 2007a).
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along with pollution reductions (UN, 2007), " as well as the Austrian Programme for
Environmentally-Oriented Agriculture (OPUL) addressing environmental problems
arising both from the abandonment of marginal land and the intensification of

productive land (DEFRA, 2007b).
The present Doctoral Thesis focuses on the category of public voluntary programs.
3. Negotiated agreements.

Negotiated agreements refer to contractual arrangements between a regulatory
authority and an individual polluter, a sector or association. Even though the prime
initiator behind a new program, falling into the previous categories of VAs, was either
the polluter or the regulator, under such formal approaches these two actors are both
active participants (Lyon and Maxwell, 2002). Negotiation is not a bargaining form to
solve conflicts but a peculiar interaction model of a new way of policy-making, where
economic actors are no longer only part of the problem but also part of the solution

(Pesaro, 2001).”

Involved parties negotiate for the terms of the agreement that include a specific goal,
clearly defined tasks, a time schedule and other conditions necessary for the fulfilment
of expected results (Saeur et al., 2001), as well as reciprocal commitments and shared
responsibility on the part of all participating parties (IEA, 1997). Polluters are obliged
to improve their environmental performance in the time and ways outlined by a
number of constraints and clear rules, while the regulator is committed either not to
enforce a particular action against the polluter or to exempt him from certain
regulations (Alberini and Segerson, 2002). The regulator's commitment could also
involve considerable up-front specific financing and technical assistance, a law for
using ecological logos, or granting of a particular permit or approval for other

activities (Alberini and Segerson, 2002) in order to ease some of the additional

"*The Finnish Agri-Environmental Programme consists of the General Agricultural Environment
Protection Scheme, the Supplementary Protection Scheme, the Scheme for Advisory Services and
training, along with the Scheme for Demonstration Projects (UN, 2007).

"' Negotiated agreements are also termed as environmental covenants, voluntary environmental
agreements, voluntary partnership, bilateral or cooperative agreements and formal voluntary
approaches.



administrative and organizational burden and thus encourage participation (IEA,

1997).

The primal goal of negotiated strategies is to improve the effectiveness and efficiency
of laws by reducing the regulatory burden and providing relief to regulated industry
(Mazurek, 1998). Their use can be mainly justified in cases where environmental
goals can be achieved through technology innovation, especially when market
imperfections exist or when environmental innovation has positive spillovers
(Xepapadeas, 1997). Such bilateral agreements tend to be heterogeneous in nature
(Lyon and Maxwell, 2003) and may also take on the status of legal binding contracts
if either legislation gives the authority to executive branches governmental to sign
them (Lyon and Maxwell, 2002) or the existing law allows the regulator to sign such
agreements (Saeur et al., 2001). However, legal obligations may also be included and
operate only if the agreed goal is not fulfilled or the bargaining process does not

always end up with the signing of an agreement.

Such voluntary approaches are also called private environmental agreements if
concluded between polluters and those harmed or their representatives (Saeur et al.,
2001). One theoretical justification is Coase's idea of direct negotiation between
polluters and victims, which however requires favourable conditions such as clearly
defined ownership rights toward environmental goals, access to information, zero

transaction costs etc.

Characteristic examples of negotiated agreements are the French agreement on the
treatment of End-of-Life Vehicles to reduce car waste destined for a land fill site, the
New Zealand agreement of the cement industry with government to reduce carbon
dioxide emissions, as well as the German agreement of the energy sector with
government to reduce CO; emission through a 20% reduction in energy consumption
in order to deter the passage of a waste heat ordinance and the implementation of a
carbon/energy tax (Dawson and Segerson, 2002). In the same context are the Swedish
agreement of producer responsibility for packaging and the Dutch policy on
implementing target emissions levels in the chemical industry (Lyon and Maxwell,
2002). Finally, even though both Project XL and the Common Sense Initiative involve

negotiation aiming to reduce administrative costs associated with reporting,



monitoring and permitting, they also resemble public voluntary programs (Mazurek,

1998).”

"These projects were designed in response to complaints from the regulated community regarding the
growing details and complexity of federal pollution control laws, to reform environmental regulation.



1.2 Criteria for Differentiating Voluntary Approaches

The discussion above suggests that Voluntary Approaches can be identified as the
"commitments undertaken by producers and sector associations, which are the result
of negotiations with public authorities or are explicitly recognized by the authorities
or producers themselves" (Mazurek, 1998). Based on Sauer et al. (2001) further
criteria can be identified to differentiate voluntary approaches within the scope of the

three basic categories described previously. These differentiation criteria are:
. . . 9
a) The degree of detail of the agreement.’

VAs can be rather generic or very detailed in their definition of the actions, objectives
and content, the number of sectors involved etc. (IEA, 1997)."’ The regulator can
distinguish between rarger-based agreements that are based on exactly specified and
quantified goals (i.e. German energy sector's negotiated agreement) and
implementation agreements that determine the means that develop a consensus with

previously established environmental policy goals.
b) Level of legal obligation toward fulfilling the agreement.

Depending on existing laws the established VAs may or may not comprise any legal
obligation of the involved agents to fulfil the agreement's targets. If taxes or direct
regulations can not be enforced by a third party (i.e. legal court), then agreements can

be sustained only by the mutual compliance of involved parties (Nyborg, 2000)."'
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¢) Sanction types in case of failure to fulfil the agreement.

"This criterion can also be referred to as "degree of structure" (IEA, 1997).
“ Project XL and CSI have established less precise environmental targets (Saeur et al., 2001).

' In Netherlands the majority of negotiated contracts have civil-law features, implying that if a
participating agent fails to fulfil the agreement's goals then he is responsible before a civil court (Saeur
et al., 2001). In US only the Project XL contains legally binding features, providing relief from existing
laws and regulations in exchange for environmental performance superior to status quo standards
(Mazurek, 1998). In Norway negotiated agreements employed to deal with non verifiable packaging
emissions, wastes not covered by a formal tax base, cannot be sustained by legal enforcement (Nyborg,
2000).

> Most EPA voluntary initiatives are non-binding and impose no sanctions - compliance actions and
fines - for program withdrawal (Mazurek, 1998).



The sanction types that operate if signatory agents fail to fulfil the agreement's
provisions can be financial, moral, different means of regulation or even cost

associated with the resignation from bilateral agreements (Saeur et al., 2001).
d) Agreement initiator.

Accordingly to the nature of the environmental problem and the degree to which
legislative laws and regulatory policies address the problem (Mazurek, 1998), the
initiator of the agreement can either be a public body, an individual polluter or a
group of polluters, a sector representative, a non-governmental organization (Saeur et

al., 2001), or it can even be the result of their coordination.™

e) Characteristics of the subjects damaging the environment and participating in

the agreement.

"Liable" to voluntary approaches can be individual activities, industries or sectors, as
well as a "group of subjects", whose economic activity pollutes the ambient
environment, starting from extraction activities (i.e. mining, forestry) up to
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manufacturing (i.e. chemicals, electronics and computers), or agriculture.
f) The level of openness toward third parties.

Negotiated agreements involve the widest array of participants up front to minimize
potential legal challenge later on, * while unilateral agreements may exclude
organizations from their development to preserve project's autonomy (i.e. Responsible

Care).

@) The level at which the agreement is concluded.

“'The most common case of VAs in Europe are negotiated agreements (Sauer et al, 2001).

* The US Energy Star programs include agreements with construction, electronics, office equipment
and energy firms (Mazurek, 1998).

* Project XL requires industry participants to recruit residents living near participating facilities or
have a direct interest in the outcome, to participate in a 6-month negotiation process (Mazurek, 1998).



Relative to the application level voluntary approaches can be separated into agent-
specific, industry-wide, national, federal or regional approaches.” Nevertheless, all

these features can be comprised by a single VA."’

h) The no-surprise feature of the agreement.

"Non-surprise”" VAs offer assurances to participants that the terms of the agreement
will not change in response to changing environmental protection needs (Langpap and
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Wu, 2004).
i) The nature of enforcement instruments.

“Carrot” and / or "stick" instruments can be employed to induce participation and
achievement of established environmental goals (Segerson and Miceli, 1998). Carrot-
based approaches involve the provision of total-cost or sharing subsidies, information
subsidies, technical assistance and / or public recognition through awards, press
announcements or a law for the use of product logos that bears the program's name
(Mazurek, 1998)." Stick-based approaches entail the implementation of existing
mandatory restrictions (Segerson and Miceli, 1998) or the establishment of a new
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regulation.  Finally, a mixed-based approach that uses in combination the carrot and

stick approach can also be implemented (Segerson and Miceli, 1998).

“°Japan has 30.000 negotiated agreements regulating industrial activities on local level (Saeur et al.,

2001). In US, 42 national voluntary initiatives have been developed since 1988 (Mazurek, 1998).

“'The Italian Part for Energy and Environment agreement, developed under the Kyoto Protocol
commitments, was signed in national, regional and local level, as well as by individual economic actors
(Pesaro, 2001).

* Examples of such non-surprise policies are the Habitat Conservation Plans, the Safe Harbor
Agreements and Candidate Conservation Agreements with Assurances (Langpap and Wu, 2004). The
US Department of Interior has developed a "No Surprise" policy under which it signs agreements with
companies or individual landowners committing not to change the rules applying to a particular piece
of property for a fixed period of time (Lyon and Maxwell, 2002).

“Into this category fall the US Conservation Reserve Program, Green Lights and Energy Star
(Mazurek, 1998). The US agricultural water quality policy has mostly relied on carrot-based
approaches (Segerson and Wu, 2006).

"’ Even though the difference between an agreement and a direct regulation lies in the fact that

regulation is enforced without agents’ consent, while the agreement requires mutual acceptance of the
terms (Nyborg, 2000), under stick-based approaches this difference can be fairly trivial and the use of
the term “voluntary” is not successful. Examples of such VAs are the Superfund Act and Clean Air Act
Amendments (Khanna and Damon, 2002).



1.3 Motivation behind Voluntary Approaches

Voluntary initiatives have been attributed to a variety of motives. Lyon and Maxwell
(2002), as well as Alberini and Segerson (2002) provide some insights regarding the

great appeal of VAs and identify the basic motives behind voluntary actions.
In detail the basic motivations entail the following:

1. Personal stewardship.

Voluntary actions are stimulated by personal satisfaction or utility gained from
voluntary environmentally friendly activities and such a personal stewardship is

important for the effective "massive" reduction of pollution activities.
2. Response to government-created incentives.

Under a carrot-based VA the level of agents' profit or net benefit must be at least as
high as under the pre-policy level, while under a stick-based VA the default / non

participation policy must be made the more costly policy.

3. Response to market-based incentives.

Voluntary actions to improve the public image of producers with respect to
environmental issues increase the goodwill of “green” consumers to pay a premium
for environmentally friendly products (i.e. organic products, reformulated gasoline,
and biodegradable plastic bags), leaving potential room for an increase in sales and
profits (Khanna and Damon, 1999). Moreover, they can improve access or terms
received in input markets, given the existence of "green” investors that avoid
investing in producers deemed environmentally irresponsible (i.e. tobacco, nuclear

N
power).

4. Improving productivity.

"Notable example is the 33/50 program where the publication of TRI figures damaged the stock values

of the heaviest polluters, forcing them to substantially reduce their releases (Khanna and Damon,
1999).



Even in the absence of regulatory, output and / or input market incentives, producers

proceed with voluntary pollution reduction if such an action improves the efficiency

of manufacturing processes, a fact that reduces costs and increases profitability.””

5. Optimizing corporate regulatory strategy.

Producers may take strategic actions trying to influence and hence shape regulatory

decisions in order to preempt or mitigate the effects of future regulation, reduce the

monitoring extent or alternatively raise rivals’ costs. In particular:

1.4

Preempting tougher regulation. Through self-regulation producers attempt to
conciliate society (i.e. environmentalists) and thus deter the demand for

regulation and remove the background threat of legislation.”

Weakening Forthcoming Regulations. High quality producers can influence
the subsequent regulations and potentially gain a comparative advantage over
market competitors if they choose their environmental friendliness level before

the regulator sets standards.

Reducing regulatory monitoring. Producers can use VAs to gain public
recognition for responsible environmental management so as to reduce
monitoring rate or lessen the scrutiny from the regulator, as well as to turn

monitoring and enforcement efforts to other producers.

Encouraging Anticompetitive Regulation. In an uncertainty context large
producers can voluntarily abate pollution to stifle competition and raise
industry-wide rents. As the regulator cannot know whether the costs of the
new regulation are too high to lead small producers off the market, large firms
can try to convince the regulator via their voluntary actions that the industry-

wide compliance costs are low so that a strong regulation is imposed.

Characteristics of Agents Undertaking Voluntary Initiatives

“’Notable example is the 3M Corporation's "Pollution Prevention Pays" Program where line workers
identified opportunities for waste reduction leading to cost savings.

"Voluntary environmental improvements, such as "Responsible Care" program and "Big Three"
automakers' Vehicle Recycling Partnership, can be perceived as an attempt to avoid the transaction and
/ or compliance costs associated with the traditional mandatory legislative / regulatory process.



The economic agents' willingness and ability to initiate or participate in a voluntary

program is affected by various factors, the basic ones of which are listed below:

s .. . 95 . . .
1. Producer-specific characteristics: size,”” R&D expenditures, financial and

environmental performance, customer interfacing.

Voluntary initiatives appear to be skewed towards large producers due to the higher
public profiles and thus the higher exposure to liability, the presence of economies of
scale making compliance with regulations relatively cheaper, the better access to
capital markets and / or the higher ability to influence the regulator through

’® Poor environmental performance is positively related to the

overcompliance.
willingness to participate. The revealing of such information attracts the attention of
media and pressure groups, as well as affects negatively the market value of the
producer since it is viewed as a negative economic signal by investors (i.e. inefficient

production or intensive regulatory monitoring).

Producers with higher advertising to sales ratios and producers of final-good products
are more likely to voluntarily cut emissions, since the product characteristics or
production practices are more visible or recognizable to consumers. Even though
participation is expected to be higher in R&D intensive industries there is no strong
evidence to support this thesis, while the same holds for the impact of profitability and

recent growth of the company on the initiation and participation incentive.
2. External Pressures: community, environmental and industry group, regulator.

The perceived level of future regulatory incentives, the allocation of bargaining power
and the nature of bargaining process affect the likelihood and extent of corporate
voluntary actions. Green consumers can raise the benefits from friendly corporate
environmental actions through increased sales, while environmental organizations can

raise costs through the pressure on the regulator for future regulations. Finally,

"For further details see Lyon and Maxwell (2002), as well as Alberini and Segerson (2002).

”As a proxy of the agent size variables such as sales' figures; the number of employees; the value of
assets can be used (Lyon and Maxwell, 2002).

“*Producers with a good environmental record may not be willing to incorporate voluntary actions due

to the fear of bad publicity if they fail to maintain their outstanding performance.



industry groups may be another source of motivation, since association members may

pressure each other to coordinate actions needed to forestall threat of regulation.
3. Industry characteristics.: degree of competition.

Arguments have been put forward suggesting that the adoption of voluntary
approaches is affected by the competition extend. However there is no evidence to
support the perception that corporate environmentalism is more likely under less

concentrated industries.



1.5 Assessment of Voluntary Approaches: Benefits and

Drawbacks

The remarkable turn towards voluntary approaches has been strongly connected with

the associated advantages over mandatory tools.
The benefits of voluntary actions include:”’’

1. Adaptability, flexibility and cost effectiveness.

Under VAs the polluting agents are left free to find the cost effective solutions by
which the target is to be fulfilled. This "solution variability" may involve greater
flexibility and administration / transaction cost savings compared to traditional tools.
Agents can correspond rapidly and adjust their strategies to the timely changes of
technical and economic parameters (Sauer et al., 2001), providing great stability in

long-term requirements (IEA, 1997).”

2. Promoting understanding and trust in the sector, as well as continuous

dialogue with the regulator.

VAs require positive actions and not passive reactions to policy instruments, leading
to a collective understanding of environmental problems (Sauer et al., 2001).
Increased cooperation and functional representativeness among industry, non-
government organizations and the public is promoted, which can shift from a
centralized and authoritative environmental policy into a participatory and
decentralized policy (Pesaro, 2001). The trustworthiness towards polluting parties can
be improved by including a third, independent party in the goal establishment step

(i.e. monitoring).

3. Encouraging innovation, information exchange on best practices and

potentially more efficient and quicker implementation.

’’An extensive list of benefits and drawbacks is provided by IEA (1997), Table 2.

" The perception that negotiated agreements are more cost effective than administrative approaches
(Sauer et al., 2001) is strongly dependent on the assumption that mandatory approaches are inflexible,
which in practice may not always hold (Alberini and Segerson, 2002).



A forum for information sharing among agents is provided, leading to information
dissemination regarding the alternative abatement techniques (Lyon and Maxwell,
2002). The flexibility of VAs may encourage creativity, leading to technical and
organizational innovations that reduce compliance, administrative and transactions
costs associated with the preparation, conclusion and inspection of concluded
agreements (Sauer et al., 2001). VAs may imply the faster achievement of established

goals in a way that other approaches cannot (Pesaro, 2001).

4. Delegating responsibility to local level, and integration of environmental

improvements into business planning cycle.

Producers and sectors are encouraged to proceed in proactive approaches, as well as
to alter the input usage that may increase productivity and savings on materials,

energy, wages (Khanna and Damon, 2002).
5. Providing "green image" to participating agents and creating soft effects.

VAs are a way to promote favourable public opinion and influence consumers' choice,
leading to the substitution of less environmentally friendly products with products that

process desirable characteristics in environmental terms.

Despite the advantages there are some drawbacks that reduce the effectiveness of VAs

and justify observed implementation difficulties. These drawbacks are:
1. Disturb competition and restrain trade.

VAs can disturb the conditions of economic competition and thus restrain trade,”
offering private benefits to participants but not to society (Mazurek, 1998), by
blocking some producers from entering the market, prohibiting a third party from

entering the system or even gradually driving a product out of the sector (Sauer et al.,

2001).'"

2. Room for the activities of the free riders.

" In 1977 the European Committee evaluated 20 instances of such disturbances (Sauer et al., 2001).

"% Unilateral agreements are considered to have the greatest potential to restrain trade (Mazurek,
1998).



If the VA is signed by an industry representative or a group of firms in the industry
(i.e. industry-wideV As), the benefits deriving from the fulfilment of the established
goal are often collective and characterized by no rivalry and no excludability (Brau et
al., 2001)."”" Free riding is likely to emerge through non-compliance and short-term
thinking to take advantage of non participation (IEA, 1997), a fact that may lead to the

failure of an agreement before the potential benefits are realized.'””
3. Uncertainty about legality and anti-trust legislation.

The legislative framework and uncertainties about the instrument's legality restrict the
use of VAs given the attention and resources required for meeting legal requirements

' Anti-trust law may constrain the

and judicially imposed deadlines (Mazurek, 1998).
type of decision-making tools or enforcement mechanisms if the instrument is
perceived as an attempt to restrain trade. Agents' incapability and unwillingness to
understand the conditions and constraints of VAs, as well as create new policy
networks and ways of interaction, restrains their applicability and effectiveness

(Pesaro, 2001).
4. Insufficiencies in monitoring, inadequate clarity and accountability.

The transparency of VAs is questioned due to the lack of clearly defined decision
making, participatory, monitoring and reporting procedures (Mazurek, 1998), a fact
that damages their public trustworthiness, making difficult their fulfilment and the ex

post evaluation of their effectiveness (Lyon and Maxwell, 2002).""*

5. No guarantee of parties obeying agreement, VAs could be open to abuse.

" For example, if a group of firms, by signing a VA, can deter the implementation of a cost-ineffective
regulation, the benefit goes to all firms in the industry (Brau et al., 2001).

"% Free-riding agents either decide not to fulfil the goal from the beginning (ex-ante) or at the very end
(ex-post) if they do not anticipate a long-term cooperation with the VA partners (Sauer et al., 2001).
Even if all polluters are identical, it is possible to have an equilibrium in which a subset of polluters in
the industry participates and the remaining free-ride (Dawson and Segerson, 2002).

"%Concerns about the legality of Project XL led to lower participation rates than expected, leading to
lower environmental benefits.

""The Project XL and Responsible Care have failed to develop independent, third party verification
methods to monitor companies.



6. No incentive to go further than the agreed objectives, VAs may appear not

demanding enough.

7. Technological innovation may not be encouraged unless stated or included in

the agreement.

8. Number of participants could be restricted due to transaction costs.

When polluting agents are very heterogeneous, fragmented and loosely organized then
VAs may not be well-targeted, limiting their ability to deal effectively with
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environmental and adverse selection problems (Alberini and Segerson, 2002).
9. Negotiations can be quite time-consuming, costly and bureaucratic.

A lengthy preparation and negotiation process may delay the solution of urgent
ecological problems and may even produce serious, irreversible environmental
changes (Sauer et al., 2001). VAs relaying on carrot approaches hinge on the ability to
generate necessary funds and can be socially costly given their impact on industry size

and the excess burden of taxes necessary to raise funds (Alberini and Segerson, 2002).

1.5.1 How to Enhance Effectiveness?

Despite the increasing trend towards the instrument of voluntary approaches, there is
evidence that in certain cases implementation problems have led to lower than
expected environmental results (Mazurek, 1998). Nevertheless, the effectiveness of
voluntary approaches - mostly negotiated VAs - can be improved if the instrument

embodies certain features.

In particular, VAs must be written contracts enforceable either by private or public
law to bind involved parties to their doable commitments. The wording of references,
premises, implementation deadlines, starting conditions, objectives and proposed
means of achieving them must be clear and plausible (Pesaro, 2001), involving a

minimum participation and abatement level so that VAs are operational and cosmetic

' In the design of VAs both the terms of participation and abatement obligations must be clearly set,
since high participation rates do not guarantee that the environmental target is achieved due to the fact
that agents may proceed in cosmetic abatement.



emission abatement is avoided (Brau et al., 2001). Open access and transparency
during both the negotiation and implementation process must be ensured to exclude
any anticompetitive, discriminatory use of the instrument (Brau et al., 2001) and to
establish a climate of trust and understanding (Pesaro, 2001). Finally, to facilitate the
evaluation of measurable and observable goals, information concerning all the activity
phases (i.e. competitive conditions, environmental performance) must be accessible
by a trustworthy and independent party, while a credible mechanism of sanctions is
also required to motivate the willingness of participating parties to attain defined

goals.

2. Voluntary Approaches in Agriculture

Public concerns about the adverse impacts of agricultural activities on environmental
quality (i.e. water, soil, biodiversity) have led to the design of various Voluntary
Approaches focusing exclusively on environmental improvements in agricultural
activities. The US federal farm Environmental Quality Incentives and Conservation
Security programs are notable examples of such agricultural VAs, aiming to
encourage the adoption of improved nutrient management practices, such as drip
irrigation, integrated pest management and site-specific farming, by offering farmers
green payments (Isik, 2004). In the same context the Groundwater Management Area
approach, developed in Oregon, aims to reduce nitrogen applications through Best
Management Practices (BMPs) relying on the background threat of mandatory actions
if the nitrate contamination at all monitoring wells are not reduced to the established

standard by a defined time period (Fleming and Adams, 1997).""

Furthermore, the US Conservation Reverse Program involves a contract between the
USDA and individual farmers in order to withdraw erodible farming from crop
production for 10 years and the further establishment of a long-term vegetation cover
(i.e. grass, trees) to stabilize the soil, through the provision of rental payments per acre
per year (Owen et al., 1998). Finally, the US Natural Resource Conservation Service

(NRCS) is a voluntary program that provides technical assistance to farmers by a

""In some US states farmers are offered reduced property taxes in order to adopt soil-conserving BMPs
(Helfand and House, 1995).



professional conservationist so that they can better set up and maintain a sound

conservation program, consistent with the soil needs (Owen et al., 1998).

In the EU context there is a series of voluntary approaches, the so-called rural
development schemes that fall into the category of public voluntary programs. They
are formal contracts between the individual farmers and the Commission, providing
annual aid in order to assist the modernization of farms, processing and marketing of
quality agricultural products, setting-up of young farmers, early retirement, the
conservation and improvement of ecological stability of the forestry sector and the
wider agri-environment (Garaulet and Lawyer, 1999; EC, 2004). To safeguard the
integration of environmental considerations in farmers’ decision making the provided
payments are both conditional to a series of environmental rules involved by
horizontal regulation and the principle of cross-compliance of aid imposed in the

event of detected noncompliance.

The most widespread voluntary contracts within the EU are the agri-environmental
programs, requiring signatory farmers to use agricultural production methods
designed to protect and maintain the agri-environment for a minimum 5 year period.
Voluntary programs like the Danish MVJ-Scheme, the German HEKUL and MEKA

" and the

Programme, the Irish Rural Environment Protection Scheme (REPS) '
Belgian Walloon Whole Farm Plan horizontal and vertical programs'” provide
support in order to promote environmental planning, extensification, conservation of
farmed environments of high natural value and the upkeep of landscape. In particular,
the MVJ-Scheme is a subsidy-scheme providing various types of supports to farmers
applying particular environmentally friendly approaches (i.e. afforestation, winter
catch crops, reduction in nitrogen fertiliser) to land based activities in environmentally

sensitive areas such as the Mariager Fiord (DAAS, 2007). In the same context the

MEKA Program, one of the biggest German environmental programs, is based on a

"7 The given agri-environmental program rewards farmers for a five year period for carrying out their

farming activities in an environmentally friendly manner in accordance with an agri-environmental
plan approved by the Department of Agriculture and Food (DAF, 2007).

108 . . . . . .
" There are six horizontal agri-environmental programs accessible to all farmers in the Walloon

region, while there are five vertical programs accessible to farmers only in the environmentally
sensitive areas. Under these programs farmers are recompensed for their environmentally friendly
activities and to improve the environment of existing farms, protect wildlife habitants and endangered
species, as well as to reduce livestock densities (Roosen and Ordéiez, 2007).



point system related to land area with rewards for environmentally compatible land
management in order to reduce agricultural overproduction and protect cultivated
landscape, while the HEKUL Programme supports the extensive land-use
management, the conversion and maintenance of organic farming methods and
intensification measures (INFRC, 2007).""”

To obtain better insight into the structure and the mechanisms of the VAs, the latest
developments in environmental economic literature regarding the modelling of

voluntary agreements are presented, both in static and dynamic context.

2.1 Static Context: Individual and Multiperson Voluntary
Approaches

Consider an economy consisting of i=1,2,..n farmers, which operate under

competitive conditions and employ a vector of x, =(X,,X,,,...X,, ) inputs, selected
among a set of j=1,...,m production choices. Agricultural production is, however,
associated with the unintended generation of emissions that cause external damages,
exceeding the socially-desirable levels a fact that stimulates intervention through

voluntary actions initiated either by the regulatory authority or farmers themselves.

Both the regulator and the individual farmer decide to initiate or participate in a
voluntary action if and only if their respective payoff function under the VA is greater

or at least equal to the payoff under the unregulated or mandatory state. From the

regulator's perspective, a VA can increase the social net benefits NSB(XU) since it

may solve environmental problems effectively rather than ineffectively (Sauer et al.,

2001). On the other hand, a VA can increase the net benefits 7, (xy) of the individual

farmer i since it may alternatively stimulate an increase of sales due to either the

improved market image with regard to environmental issues, a reduction of expenses

' In the same context are the Bavaria Cultural Scene Programme (KULAP) promoting agricultural

production methods compatible with environmental protection, maintenance of the cultivated landscape
and the conservation of nature and landscape management, as well as the Bavaria Nature Protection
Contract Programme (NPCP) providing financial assistance to farmers in order to introduce or to
maintain extensive production methods of valuable biotopes (INFRC, 2007).



via savings on materials, energy, lower risks etc. (Sauer et al., 2001), or the
preemption of mandatory approaches that impose unwanted net costs (Alberini and

Segerson, 2002).

Henceforth, the necessary conditions in order for the involved agents to proceed to the

initiation of an environmental voluntary approach, are respectively:

Re gulator: NSB, (xy) < NSB, (xy) (1)

Farmer: 71 (x,.j)z . (x[j) (2)

1

where s represents either the unregulated or mandatory state, while v the state under

the VA.

A voluntary initiative could emerge under the background threat of regulation that can
either involve: (i) a pure ambient tax on deviations from the desired cut-off level or a
reduction in governmental subsidies imposed with certainty if the aggregate
environmental target is not met (Segerson and Wu, 2006), or (ii) a prespecified
mandatory abatement vector imposed legislatively under an exogenous probability
(Segerson and Miceli, 1998). A notable example of the initial type of background
threat is the principle of cross-compliance' '’ involving partial or full removal of aid
provided to EU farmers through the CAP regime, in the event of detected deviation
from statutory farming standards (EC, 1999). This type of background threat has
many similarities with the codes of good farming of the Nitrate Directive
(91/676/EEC) that are mandatory for all the farmers located in areas characterized as
vulnerable to nitrate pollution (EC, 1991) and may cover issues such as construction
of manure storage facilities, reduced tillage, establishment of buffer strips near water

resources etc. (Segerson and Wu, 2006).

2.1.1 Negotiated Agreements

The necessary condition (2) of the farmer i can be alternatively defined in terms of

cost C, (xij), given that a VA may involve no direct benefits but only reduced costs

(Segerson and Miceli, 1998). In such a case the farmer proceeds to the initiation of a

""“Cross-compliance: observance of environmental criteria (pg 35) (Garaulet and Lawyer, 1999).



voluntary action if and only if his cost is lower or at least no higher under the VA than

under the unregulated or mandatory state s :

i

Farmer : Civ(xi/.)SCfv(xi/.) (3)

Conditions (1) and (3) provide the upper and lower bound of the abatement vector that
could emerge under the bargaining of a bilateral VA (Alberini and Segerson, 2002).
The range of these bounds depends on the magnitude of the background threat, the
social costs of financial incentives, as well as the allocation of bargaining power
between involved agents. These factors determine whether the negotiated VA induces

the first best abatement vector leading to efficient environmental protection.

According to the bilateral VA model proposed by Segerson and Miceli (1998), the
regulator and farmer (or a sector representative) negotiate to define the voluntarily
implemented pollution abatement vector under the background threat of a
probabilistic legislatively imposed mandatory abatement vector if the agreement is not

reached. ''' Under such a "stick-based approach", condition (1) determines the
minimum (xf: )mi" and maximum acceptable abatement levels that the regulator can
accept under a VA, while condition (3) defines the maximum abatement value

(xl‘.*v )max that is acceptable by the farmer.

In particular, the abatement values (xf‘v )min and (x.“ )max are defined by:

w

(x2)™: NSB,(x,)=NSB,(x,)

iv

denoting the abatement values that set both the regulator and the farmer i indifferent

between the voluntary action and the state s .

Hence, a bilateral voluntary agreement is expected to be the equilibrium outcome of a

bargaining process if and only if the minimum abatement vector the regulator is

"""The legislation is more costly both in terms of total and marginal compliance and transaction costs

compared to the VA. The farmer derives no direct benefit from the VA, he just incurs reduced costs as
compared to the regulatory alternative.



willing to accept is less than or equal to the maximum abatement vector the farmer is
willing to accept. Consequently, a necessary and sufficient condition for the

attainment of a negotiated environmental agreement is:

)™ <bg ™ @

indicating the existence of an abatement vector that is mutually beneficial and thus
acceptable to both parties. However, condition (4) does not guarantee that the first
best abatement vector is mutually acceptable, since the actual bargaining outcome
depends on the allocation of bargaining power or the nature of the bargaining process
(Alberini and Segerson, 2002).""” In the case of the agricultural sector, the magnitude
of background threat is considered to be low, since there is limited political will
regarding the imposition of mandatory controls in agriculture (Segerson and Miceli,
1998). In such a case, the voluntarily implemented abatement vector and thus the
environmental effectiveness of the agreement can be enhanced through a cost-sharing
subsidy used in combination with the stick-approach. Hence, under the mixed-based
approach the bargaining outcome defines the equilibrium combination of the mutually
beneficial abatement vector and cost-sharing subsidy, which depend on the allocation
of bargaining power, the magnitude of legislative probability and the social cost of the

subsidy since the necessary funds are raised via distortionary taxes.
2.1.1  Sector Representative

The farmer involved in negotiations with the regulator can also be the representative
of a sector or a group of farmers. In such a case the abatement level proposed to the
regulator must be collectively acceptable or rejected by the negotiating group of
farmers. This means that farmers must reach a prior agreement regarding the
abatement vector they are willing to accept under the VA, before communicating their
final proposal to the regulator (Manzini and Mariotti, 2003). Although farmers are all
on the one side of the bargaining process, they do not always share the same
preferences and the regulation may have a different impact on each of them. Thus the

regulator must ensure the proposed abatement vector is acceptable to all the farmers.

""" The abatement vector that is mutually beneficial to involved parties can be even less than the
legislatively imposed abatement vector.



Under heterogeneity there is a farmer that entirely drives negotiations and the
resulting equilibrium abatement vector to some extent depends on his characteristics.
Particularly, the farmer with the most aggressive attitude towards environmental
control (i.e. the lowest admissible abatement level) induces the lowest abatement
vector. It is possible that the "toughest" farmer is a low profit farmer that exploits his
weakness to achieve a better deal in negotiations and all other farmers effectively

free-ride on him to avoid at a minimum cost the probabilistic legislative intervention.

2.1.3  Public Voluntary Programs

Most agricultural VAs do not involve a negotiation process. They are voluntary
actions designed exclusively by the regulator and to which individual farmers or their
representative can only agree. A public voluntary scheme has been designed by
Segerson and Wu, 2006), where the regulator uses the background threat of an
ambient tax to induce the individual farmer to abate pollution so that the pre-specified
environmental goal is met. Contrary to the previous model no specified pollution
abatement vector is dictated, and if reliance on the VA appears insufficient to control
NPS pollution the mandatory treat is imposed with certainty. It is the farmer’s choices
that determine whether or not the ambient tax is imposed. Therefore, under a stick-
based public VA the magnitude of the ambient tax is chosen in such a way as to
induce the implementation of the abatement vector that guarantees the achievement of
the target, requiring however that the regulator knows the physical characteristics of

the farmer.

Most US agricultural policies use carrot instruments to induce the voluntary use of
environmentally friendly practices. In such a case the public VA pays the individual
farmer a pre-specified subsidy if the target is met voluntarily, while in the opposite
case the background threat involves a reduction of the subsidy. Therefore, under a
mixed-based public VA the subsidy reduction rate is set in such a way as to induce the
abatement vector that guarantees the achievement of the quality target. This kind of
background threat has many similarities with the principle of cross-compliance, a
sanctioning mechanism introduced by the European Commission to stimulate
compliance of European farmers with a set of statutory farming standards such as the

codes of good farming involved by the Nitrates Directive (EC, 1999).



It is worth mentioning that green payments may be required to encourage the
voluntary adoption of improved nutrient management practices, since uncertainty
about the impact of adopted farming systems (and technologies) and the irreversibility
of investment impose important barriers to adoption, even when the investment
appears to be profitable.'"” However, the increasing reliance on subsidy programs
may create expectations for future such programs, and the uncertainty about their final
implementation may delay the voluntary adoption of site-specific technologies.
Hence, the effectiveness of cost-share subsidy policies is enhanced if the regulator
enacts such a program immediately, threatens to remove it soon and promises never to

restore it again (Isik, 2004).

2.1.4 Multiperson Voluntary Approaches

Free-riding is likely to emerge if a voluntary program is signed by a sector
representative or a group of farmers. Even though such non-compliant behaviour can
discourage participation and lead to a failure of an agreement before the potential
benefits are realised, it does not always deter a subgroup of farmers from signing the

voluntary agreement and forming a coalition VA. There is an equilibrium number of

farmers (K *) that signs the VA if and only if the payoff for signatories (7Z'V (K *)) is
higher or at least equal to the payoff when no VA is signed (7, (O)) """ Thus, based
on Brau et al. (2001) the necessary condition for the existence of such an equilibrium
coalition K" is given by:'"”

(K =7,(K) -7, (020 (5)
followed by the stability conditions:

7, (K") 2 7, (K" —1)
7, (K" +1) < 7,,(K")

'Y Agricultural abatement also involves reversible small scale measures such as change in fertilizer use
and other farming practices (i.e. changes in tillage, buffer strips) (Huhtala and Laukkanen, 2004).

""According to Brau et al. (2001) 7z, (0) is the "business-as-usual" payoff, reflecting profits in the
unregulated case. Finally, symmetry is considered among farmers.

""" The number of signatory farmers K belong to the interval [1,n].



involving that no individual farmer that has an incentive either to leave (not sign) or
join (sign) the coalition VA. This is a standard internal —external stability condition.
Depending on the profit-maximizing number of signatory farmers and the value for
which the condition (5) is satisfied, the equilibrium coalition is the grand coalition in
the sense that all the farmers that belong in the specific agricultural industry sign the
VA. To assure the establishment of the grand coalition the regulator must introduce a
minimum participation constraint that requires at least a number of farmers to sign the
VA. Nevertheless, farmers may also have an incentive to form a VA club (or profit
maximizing coalition) that excludes some farmers from the possibility of signing the
VA, eroding the environmental effectiveness of the agreement. In such a case the
regulator can prevent farmers from adopting exclusive membership rules by

establishing an open membership rule.

The fact that the benefits of an industry-wide VA can be reaped by non-signatory
farmers affects farmers' decision to sign the VA. If the signatory and non-signatory
farmers are benefited by the same amount, then no farmer agrees to sign the VA. To
minimize spillovers to non-signatories and safeguard that the most benefits are reaped
by signatory farmers, a policy mix which penalizes only farmers that do not sign the
VA is suggested. Finally, a minimum binding abatement constraint is imposed to
guarantee the environmental effectiveness of VAs,''* since if farmers are left free they

may proceed with cosmetic abatement to maximize their profits (Brau et al., 2001).""’

2.2 Dynamic Context: Individual and Multiperson Voluntary

Approaches

Even though the dynamic analysis of voluntary approaches takes place in infinite
time, in practice their time horizon involves a limited number of years (Cavaliere,

2000). For instance, the EU agri-environmental measures last for a minimum five year

""“The Danish CO, Agreement Scheme has introduced a minimum environmental tax (Brau et al,
2001).

"""Under heterogeneous farmers, requiring all agents to participate is infeasible since high-cost agents
are unwilling to participate and the regulator needs to balance carefully the VA terms to induce at least
most firms to participate (Lyon and Maxwell, 1999).



period (EC, 2004). Nevertheless, if it is assumed that such voluntary actions can be

renovated, the use of an infinite time horizon is justifiable.

2.2.1 Individual Voluntary Approaches

The methodology of negotiating a voluntary approach provided by Segerson and
Miceli (1998) is extended with a second period representing the entire future time
horizon in order to incorporate surprise and non-surprise features. According to the
modified negotiated VA model developed by Langpap and Wu (2004), the regulator
and individual farmer negotiate in period 1 about the voluntary combination of

abatement vectors (va ,xgv) to be implemented in period 1 and 2 respectively. During
the negotiation in period 1 the current status of pollution S, is taken into account,
while involved agents form expectations about the status of pollution S, in period 2.
Involved agents are aware that if the agreement is not reached then a mandatory
combination of abatement vectors (Xf’L* ,X?Z) is to be legislatively imposed in period 1
and 2 respectively under an exogenous probability p . Under regulation the expected

payoff of the individual farmer i is defined as (Ci(xl”‘L* )+ EC; (xS, ), while the

expected net social benefit of the regulator by (NSB; (x{")+ ENSB; (x5, ) :

If during period 2 the nitrate pollution in a nearby water body increases more than
expected due to unpredictable environmental factors, then the regulator should require
the farmer i to increase the land set-aside or the size of the buffer strip. This is

feasible only when the concluded VA does not contain a "no-surprise" provision that
binds the regulator to the agreed abatement vector X5, regardless of the new available

information. Under a "surprise VA" there is a probability g that the regulator revises
the agreed upon vector and imposes the welfare maximizing mandatory vector X5, .
In such a case the expected payoff of the farmer and regulator are given as EC; (x5,

and ENSB;(x5;) respectively, while under a “non-surprise” VA their associated

expected payoffs are EC.(x5,) and ENSB?(x5,).



Hence, under uncertainty about the future state of the world a surprise VA is mutually

accepted if and only if the following inequalities hold simultaneously:
Farmer:  C)(x},) +qEC;(x5]) +(1- )EC] (x3,) (6)
<p[C(x)+EC(x5;) ]
Regulator:  NSB.(x{,) + gENSB; (x7)+(1— q)ENSB (x%,)  (7)
> p| NSB,(x{;) + ENSB; (x5;) ]
By condition (6) it is involved that the farmer i enters into the agreement if his cost

under the VA, defined as (Ci (x2)+qECH(x5)) +(1- q)EC: (xg’v)) , 1s no larger than
his expected costs under the mandatory regulation (i.e. p[C} (x5 + EC; (x5 )]) .

Similarly, condition (7) implies that the regulator enters the agreement if the expected
net social benefit under the VA is higher than the expected net social benefit under the

regulation.

Although the provision of assurances encourages participation in the VA, it does not
however allow using the new available information, a fact that might undermine the
efficiency of the agreement. Therefore, the regulator faces the dilemma of whether to
provide assurances or not when negotiating a voluntary action with an individual

farmer.

2.2.2  Individual Public VA

In an infinite time horizon the regulator can use a trigger strategy to induce voluntary
abatement of nitrate pollution in each time period (Segerson and Wu, 2006). In
particular, during the first period no tax is imposed and the individual farmer is left

free to decide whether or not to voluntarily meet the standard e . If the farmer i

selects the announced or intended by the VA abatement vector x| , then the target is

met and no further policy is imposed. In such a case the associated costs are given as

C. (x;,0,), where O, are the physical characteristics of the farmer i. However, if at

v?

the end of the first period the ambient target e, is not met, then an ambient tax

(ie.t(e—e,)) is imposed for all the remaining periods, implying that the regulator



gives no second chance to the farmer to meet the target at no additional cost. The
magnitude of the tax is set to induce the farmer to choose the abatement vector x°
that ensures that the standard is ultimately met. Under the ambient tax the incurred

a*
costs are C, (x, ,0,).

Hence the farmer decides to meet the ambient target voluntarily if and only if the

following inequality holds:

G (XZ,®i)[5+§2 +53---]<[CL(XZ*=®i)+f(€—es)][1+5+§2,,.] ()
G (Xfia(@i)l_lé<[CL(X§’;*,®I.)+t(e—eS)}%

where 6 = 1/ (1 + r) is the discount factor and » the discount rate. By condition (8) it

is indicated that the farmer decides to abate voluntarily pollution in the first period if

the present value of the infinite stream of total costs under the VA

(i.e. (1/1-6)C, (x& G)i)), are lower than the present value of the infinite stream of

v

total costs under the ambient tax (i.e. (6/1-5) [CL (xJ,0,)+t(e—e, )]) It is stressed

it
that meeting the target voluntarily is optimal for the farmer if and only if the discount

rate r is sufficiently low (Segerson and Wu, 2006).

2.2.3  Multiperson / Industry wide VAs

Under the proper design of the industry-wide VA the majority or even the entire

agricultural sector can be induced to comply with the agreement.

High compliance rates can be feasible under low inspection probabilities and small
fines, if imposed at all. According to Friesen (2003) noncompliance can be deterred
through targeting schemes that divide regulated farmers into two groups: rarget group
(G2) and non-target group (G1). Such schemes can be either based on farmers' past
compliance record or on random targeting. Under the past compliance targeting
scheme, the individual farmer is moved into the target group if noncompliance is
revealed during an inspection, otherwise he is moved into the non-target group as a

reward for compliance. Inspections in the G2 group are more frequent than in group



G1 and the regulator can increase the compliance incentive in G2 by affecting the

fines and transition probabilities between the groups.

Under the optimal targeting scheme the farmer is randomly moved into the target
group. In such a case the farmer can escape from G2 and move back to G1 on the
basis of observed compliance behaviour during an inspection. By randomly selecting
farmers for the G2 group, more frequent inspections in the target group are needed
while inspections in the non-target group have no additional deterrent effect in the
target group. It is likely that even though the optimal targeting scheme involves lower
enforcement costs, the past compliance targeting scheme has a wider range of
applicability, since it can be used for "large" partial compliance rate goals (Friesen,

2003).
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PART II:
“Non-Point-Source Pollution Problems:
Another Perspective on Analysis and Regulation”

Review of the environmental economics literature indicated that the analytical
framework for regulating environmental problems associated with agriculture and in
particular with non-point-source pollution problems is based on the standard theory of
optimizing behaviour and thus the assumption of unboundedly rationality. Little work
has been done however in the area of voluntary approaches to environmental
regulation based on an alternative and plausible approach which is associated with
bounded rationality and evolutionary frameworks described by imitation dynamics

modelled by replicator dynamics.
Henceforth, the present Doctoral Thesis focuses on:

=  Voluntary Approaches as an alternative regulatory measure of agricultural
non-point-source pollution problems, in combination with replicator
dynamics as an alternative analytical method for approaching agricultural

non-point-source pollution problems.

The intention of the Thesis is to address the following issues:

=»  Assessment of the effectiveness of existing public voluntary environmental
programs dedicated fully to the agricultural sector, as described by the

Nitrates Directive and / or the CAP reforms of the European Commission.

=»  Assessment of the dynamic behavior of a population of regulated farmers
when the regulator selects monitoring effort and capital with the analysis
based on the alternative assumptions of unboundedly and boundedly rational

economic agents.

=»  Description of the selection mechanism of optimal regulatory policy

instruments under the optimizing and imitation behavioral contexts.

=»  Analysis and policy implications, for the proper design of a public voluntary

program and an inspection mechanism.



To facilitate the exposition a brief introduction to the concept of bounded rationality is
initially provided, where the model of replicator dynamics that constitutes the basic

core of analysis of the three Chapters of Part II is presented.

The remainder of Part Il of the Doctoral Thesis is structured as follows. Chapter |
examines the potential impact on the compliance incentives of a population of
regulated farmers from the introduction of restrictions on their rationality. The
implication of the optimizing behavioural rule, based on the traditional assumption of
unboundedly rationality, and the evolutionary behavioural rule, based on the
assumption of bounded rationality, are contrasted through a problem of monitoring
effort selection, which is further extended with investment decisions for selecting
monitoring capital under a regulatory framework combining features of Council
Nitrates Directive (91/676/EEC) and the second pillar of the Common Agricultural
Policy. Chapter Il examines the impact on the environmental performance of a
representative farmer of the different type of CAP measures, as prescribed by the first
and second pillar of Agenda 2000. It also describes the set of CAP instruments, along
with type of interdependence characterizing them, which fulfill the attainment of a
social target within the analytical framework of unbounded and bounded rational
agents. Chapter [II examines the joint evolution of the participation and compliance
incentives of the regulated population under a public voluntary program of the form of
a rural development program of CAP, in the presence of fast-slow selection dynamics
in the time scall of the participating and complying decision. The analysis is further
extended to include a budget constraint in order to provide policy implications for the

proper design of the rural development program, as well as the inspection mechanism.



Economic Structure:
The Behavioral Rules of Individuals

Standard economic theories traditionally assume that agents are "infinite in faculties"
(Conlisk, 1996), that they act "as i/ unboundedly rational, "as though" they were
consciously gathering all the necessary data to consider all possible alternatives and
thus solve a complicated problem of differential equations to calculate the optimum
response that maximizes their payoff (Binmore, 1992; Noailly et al., 2003). Such a
fully rational economic choice strongly implies that individuals perform exhaustive
searches, have perfect information over all possible decisions, possess the
compulative abilities to solve the optimization problem (Noailly et al., 2003) and thus

do not need to interact with each other (Lipatov, 2005).

Even though the assumption of unbounded rationality has dominated economics for
several decades, there are arguments suggesting that there is a finite limit to the
amount of information the human brain can hold and the amount of calculations it can

understand (Conlisk, 1996). The statement cited below is typical of this debate:

"Yes, but you don't understand; no one assumes that people are unboundedly
rational, only that they act as if unboundedly rational. Agents are bounded
rational, they learn optima through practice and in the end act as if
unboundedly rational. Economists just take a shortcut and assume unbounded

rationality from the start." Conlisk, (1996)

Hence, in practice agents exhibit a certain degree of rationality, although limited.
They are bounded rational in the sense that they perform limited searches, have
imperfect information about the strategies and payoffs of other agents, they are unable
to compute the optimal strategy that maximizes their own payoff and choose between
predetermined strategies (Noailly et al., 2003). Under such a context agents accept the

first satisfactory decision and suboptimization occurs.



According to Conlisk (1996) there are four reasons why the economic models should

incorporate bounded rationality in their design:'""

Strong empirical evidence,
Models of bounded rationality work well,
Unconvincing justifications for assuming unbounded rationality, and

Deliberation costs should be included in models.

In recent years bounded rationality has been blended within an evolutionary dynamic
mechanism (Noailly et al., 2003),'"” which contrary to the standard theory of
optimizing behaviour, deals with entire populations of agents all programmed to use
some strategy (or type of behaviour) and not with an individual agent (Hofbauer and
Sigmund, 2003). Dynamic evolutionary theory supposes that large populations of
boundendly rational players learn, imitate and adapt to the strategies of others in light
of payoff experience and the economic environment over time (Cressman, 1998)."”
When new strategies are introduced agents tend to imitate the most successful one or
the one that yields a "satisfactory" level of profits. Strategies with higher payoff will
spread within the population at the expense of less successful agents and activities,
involving a change in the probability distribution of possible actions (Nelson,
1995)."”' However, changes in the population combination are a gradual process due
to the imperfect diffusion of information, introducing some inertia in agents' response
to superior payoffs (Sethi and Somanathan, 1996) that provides continuity of what
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survives the winnowing (Nelson, 1995).

Nevertheless, it is worth mentioning that bounded rational agents - or else known as

myopic or short-sighted - sometimes find their way to optimal solutions by trial-and-

"It is worth mentioning that there are many contexts in which the hypothesis of unbounded rationality
surely works well (Conlisk, 1996).

""" Evolutionary dynamics is the application of population dynamical methods introduced by
evolutionary biologists to game theory (Hofbauer and Sigmund, 2003).

"’ Such behavioural patterns can also be viewed as the outcome of a process of adaptation, imitation
and learning, copying or inheriting strategies, word-of-mouth communication, fads and fashion,
bandwagons, threshold effects, herding, increasing returns, lock-ins and information cascades (Conlisk,
1996).

! This principle is called compatibility and implies some relationship between the payoff and the
corresponding dynamics (Friedman, 1998).
12

* A further difference between the evolutionary theory and the traditional theories, since the later
imply assume that rational agents will immediately adopt equilibrium strategies (Kolstad, 2007).



error adaptation if the situation is encountered sufficiently frequently (Binmore,
1992). Adaptation, adjustment, tatonnement, learning-by doing, evolution - are some
of the terms that describe the process that may lead agents who have no clear idea

about what is going on to behaviour that may look very rational indeed to a kibitzer.

Evolutionary game theory has employed a large and quite varied set of dynamic
models to describe how the frequencies of strategies within a population change in
time according to the strategies' success.'~ These game dynamics can be discrete or
continuous, stochastic or deterministic (Hofbauer and Sigmund, 2003; Friedman,

1998). The deterministic dynamic systems include:

» Differential inclusions - the best response dynamics,
» Reaction-diffusion systems,

» Imitation dynamics,

» Smoothed best reply,

» Brown-von Neumann-Nash dynamics,

» Difference equations such as fictitious play, and

» Ordinary differential equations and particularly the replicator dynamics.

Common features of these evolutionary models is that (i) involved agents are
repeatedly and randomly matched to play a game, (ii) a dynamic process describes
how players adapt their behaviour over time (Kolstad, 2007) and (iii) agents do not

systematically attempt to influence other agents' future actions (Friedman, 1998). 1

The most commonly employed dynamic systems to describe such mass action
approaches are the replicator dynamics models. It is worth mentioning, however, that
the emphasis given on replicator dynamics (or occasionally known as Malthusian
dynamics (Friedman, 1998)) is not meant to suggest that it is as important as all other
dynamics together, but it serves conveniently for expository purposes and reflects

some of the history of the subject (Hofbauer and Sigmund, 2003).

' The evolutionary approach can also be described as a “mass action approach” (Hofbauer and
Sigmund, 2003).
1 Condition (i) is a version of the basic "survival of the fittest" maximum, condition (ii) underlines

that aggregate behaviour does not change too abruptly, while (iii) is the game against nature condition
(Friedman, 1998).



Finally, even though evolutionary game theory has many applications in non-
biological fields (Hofbauer and Sigmund, 2003), economic applications remain few
and isolated (Friedman, 1998).'”” Among the noticeable economic applications of the
replicator dynamics framework are classified the works of Noailly et al. (2003) and
Xepapadeas (2005) examining the evolution of common pool resources (i.e. fisheries),
of Sethi and Somanathan (1996) and Kolstad (2007) in the area of social norms, as
well as of Cressman et al. (1998) modelling behaviour of agents in shadow sectors

. 126
such as crime deterrence. =’

[. Replicator Dynamics: An Introduction

In general a replicator system is a process of change over time in the frequency
distribution of the replicators in which strategies with higher payoffs reproduce faster

in some appropriate sense (Gintis, 2000).

In the modelling'*’ process of replicator dynamics it is assumed that at a given time ¢
the population of the industrial sector considered (manufacturing, agricultural etc)
consists of m groups of agents, where each group follows different strategy and x; is
the frequency of type j for j=1,...m. To simplify the exposition it is assumed that
the population consists only of two groups of agents. '™ Let x . (#) denote the

proportion of the i =1,...,n agents adopting the strategy g, while x,(¢) the remaining
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proportion of agents at time ¢ adopting strategy A, with x,(¢) +x, () =1.

In every time period dt there is a positive probability kd¢ that an agent i, following a

certain strategy (i.e. g), will compare his payoff and consequently his strategy, with

' Even though evolutionary game theory and environmental economics have a potentially close
relationship, these to fields have been developed independently (van de Bergh, 2007).

" For further economic applications of the replicator dynamics framework see the works of Dawid et
al. (2005), Cheung and Friedman (1998), Antoci et al. (2007), Heller (2004), Oechssler and Riedel
(2001), Taylor et al. (2004), as well as Hofbauer and Schlag (2000).

"“'In motivating the replicator dynamics we follow Gintis (2000). For further details see Schlag (1998)
and Binmore (1992).

"“This is a reduced form of the replicator dynamics model. For further details about the generalized
form of the replicator dynamics under the assumption that m > 2 see Hofbauer and Sigmund (2003).
"“’The initial distribution of agents is characterized by 0 < x(0) <1 to indicate the heterogeneous
information agents possess (Vilen, 2005).



the corresponding payoff and strategy of another randomly chosen agent j. If i
perceives that j's payoff are sufficiently higher, then he switches his strategy. Under

imperfect information concerning the difference in the expected payoffs of the two
strategies, due to uncertainty about the law determining the auditing probability and
possible uncertainty regarding the true payoff functions, the probability that agent i
will change strategy increases the higher the profits difference is. Particularly, agent i

following strategy g at time ¢, might decide to switch strategy and adopt strategy #,
by imitating agent ; if the profits I1,, are sufficiently smaller than the profits IT; of

agent j . Hence, the probability that agent i will change his strategy and adopt
strategy / , after comparing profits, is given by:
Al -1 Jfor 114, > 11

P, =
0 for IT;, <IT,

where f is sufficiently small that P, <1 forall g,/ .
The expected proportion of agents that employ strategy /4 at time ¢+ dt is:
Ex™ = x| + adtx! Zx;ﬂ(l_[’g —I1))+ Zadtx,ix;ﬂ(ﬂz ~1T,)

j=i+l Jj=1

= x, +adtx, Y x, ST, —11)
=

= x| + adtx, BT, —11")
where TT denotes the average payoff for the whole population, defined as:
IT = x,IT, + x,IT}, = (1—x,)IT, +x,IT; (1)

By assuming that the considered population is infinitely large or that it is the expected
value of an ansemble of populations, the x, is a differential function of time ¢ and

postulates a low of motion (Hofbauer and Sigmund, 2003). Therefore, Exﬁf‘” is

replaced by x;™ and if we subtract from both sides the term x;, divide by dr and

finally take the limit as dt — 0, the equation describing the motion of the group of

agents adopting the strategy / over time is derived as:



%, = apxt[IT, —TI| (I1)

This is the replicator dynamics equation, indicating that strategies yielding above
(below) average profits I1 of all strategies in the population are more (less)
demanded so that they end up accounting for a larger (lower) part in the population
(Noailly et al., 2003). The greatest the deviation in profits from the average is, the
faster does the population share increase or decrease, indicating that the rate of growth
or reduction of the population using a strategy is proportional to the amount by which
that strategy's payoff exceeds or falls short of the average payoff of the strategies in
the population (Sethi and Somanathan, 1996).""

The frequency of strategy / increases when its profits IT, are above the average

profits and proportional imitation rules can be modelled by replicator dynamics. After
substituting (I) into (II) the general form of the replicator dynamics equation for two

strategies, g and 4, is:""’

%, = afx, (1- x|, — 1" |

indicating that if the payoff of strategy / exceeds (falls short) the payoff of strategy
g then the change in the proportion of individuals using strategy 4 is positive
(negative) (Noailly et al., 2003). Payoff differentials exert evolutionary pressures on
the population composition (Sethi and Somanathan, 1996) and in these models two
types of rest points can emerge: (i) the non-interior equilibrium where the population
adopts a pure strategy and the strategy / converges either to zero tending to
extinction or to unit becoming ubiquitous (Kolstad, 2007) and (ii) the interior rest
point implying coexistence of both types (Hofbauer and Sigmund, 2003). Based on
the principle of evolutionary stability the stable equilibrium outcomes of the

evolutionary game are defined (Kolstad, 2007).

“'In the case that either HZ =11 or H; =TI then the share x remains constant over time, in the
sense that either x, =1 or x, =0 (Noalilly et al., 2003).

“'The constant factors atf3 affect the rate of adjustment and are often set equal to unit without
affecting analysis.
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Therefore, as a conclusion one can think of an evolutionary model of this kind:

As a contest between strategies, strategies that do well multiply, strategies

that do poorly dwindle (Kolstad, 2007).

This analytical context is to be employed in the following Chapters of Part II.
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CHAPTER:
Regulation of Farming Activities: An Evolutionary
Approach

Farming activity is modelled under an intervention policy regime, combining the
environmental requirements of the Council Nitrates Directive (91/676/EEC) and the
compensatory provisions of the second pillar of the Common Agricultural Policy. The
optimizing behavioural rule along with the evolutionary rule is employed in order to
model the individual farmer’s decision making, regarding compliance or not with
regulatory provisions. The impact of these different behavioural rules on the selection
of monitoring effort and thus on the compliance incentives of a population of farmers
is examined. Furthermore, the dynamics of the population of compliant farmers is also

assessed under accumulation of monitoring capital.
1. Introduction

Nitrogen (N) from mineral fertilizers and animal manure is the major source of N
input in European agriculture essential for crop growth and the achievement of
desirable crop yields. Excessive nitrogen surpluses, '~ however, pose a threat to the

environment leading to air and soil pollution, ” and appear to be a major pollutant' ™

v
J

in many European underground and surface watersheds, ' associated with health

136

risks. ~' To provide a general level of protection for all waters against nitrate

"“There is evidence that the amount of N fertilizers taken by crops is typically closer to 50% and rarely
greater than 70%, while when crop yields are near optimum, 90% of applied N is lost (Classen and
Horan, 2001).

"’ Excessive nutrients are lost to air through volatilization of ammonia or as N,O (a powerful
greenhouse gas), while cause eutrophication in soil, degrading soil fertility and producing N,O (Pau
Vall and Vidal, 2006).

At least 30-40% of rivers and lakes show eutrophication symptoms or bring high N fluxes to coastal
waters and seas. The agricultural origin of such fluxes accounts for 50 to 80% of total N inputs to EU
waters (EC, 2002).

"*Nitrates leaching (NO;) is N removed from soil by the action of water (Owen et al, 1998), which can
result in eutrophication of slow flowing rivers, lakes, reservoirs and coastal areas, appearing through
the proliferation of algal bloom which degrades bottom fauna, fish stock and wetlands (Huhtala and
Laukkanen, 2004; Isik, 2004), reducing water value to humans and nature (Owen et al., 1998).

136

N exposure is responsible for the blue-baby syndrome (methemoglobinemia) in infants, gastric
cancer in adults and other human risks (Fleming and Adams, 1997; Abler and Shortle, 1995), while few
cases of death or severe illness are directly linked to agricultural contamination (Johnson et al., 1991).



pollution, the European Council established in 1991 the Nitrates Directive
(91/676/EEC), defining a series of codes of good agricultural practice'’’ that concern
mostly issues of land application, plans and records on fertilizer N inputs usage (EC,
1991).""" The accomplishment of the Directive's objectives is facilitated by the rural
development (pillar II) regime of the CAP, through the aid provided via the agri-
environmental programs to European farmers that commit themselves to go beyond
usual good agricultural practices, and thus reduce substantially the fertilizer use for a
five-year minimum period (EU, 1998).""
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However, the non-point-source characteristics

of agricultural pollution pose a
substantial problem in the effective regulation of water pollution problems. The
inability of regulatory authorities to directly observe individual decisions (i.e. nitrogen
usage) provides the farmers incentives to deviate from statutory requirements and
retain nitrogen usage at the unregulated profit maximizing levels, with the associated
adverse environmental and human health consequences. To ensure that regulated
farmers comply with statutory nitrogen performance standards and that foreseen
noncompliance sanctions are imposed on those deviating so that compliance is further
enforced, both the environmental and agricultural policy require Member States to
incorporate a substantial monitoring mechanism in their policy design. An

environment agency has the task of undertaking occasional random spot-checks,

visiting farms and inspecting the operation field as well as the field records (DEFRA,

"“"For further details see Axis II (EC, 1991).

“Codes are mandatorily implemented either through out the territory of Member States or at specific
zones vulnerable to nitrates pollution (i.e. NVZs). Farming activities within NVZs are subject to action
programs, promoting actions that are mandatory by law and are built on the guidelines set out in the
codes and impose additional restrictions. Farmers failing to comply with such statutory requirements
can be prosecuted and if found guilty by the Court they may face a fine or imprisonment in the worst
scenario (DEFRA, 2004).

"“’Payments aim at compensating farmers for additional costs and loss of income (EC, 2003) and are
subject to both a set of basic farming requirements (i.e. horizontal regulation) and the cross-compliance
principle involving partial or full removal of aid in the event of deviation from defined standards (EC,
1999), including compliance with the provisions of ND as foreseen by the 2003 CAP reform (EU,
2003; Aquamedia, 2006).

YA pollution problem is called an NPS problem if there is uncertainty on the regulator's behalf about
the location of the decision makers (polluters) and the degree of each agent's responsibility in the
aggregate pollution. In short the origins of this uncertainty can either be attributed to stochastic
influences affecting fate and transport of pollutants, the great number of sources of pollution emissions
that can be either static (farms, households) or mobile (vehicles), and/or the regulator's inability to infer
individual emissions from ambient pollution levels or inputs used (Xepapadeas, 1995).



2004).""" Given the technological and/or budgetary restrictions, only a fraction of
farmers is monitored and thus only their emission flows can be regarded as
observable. It is evident thus, that the effectiveness of the existing regulatory policies
to induce restricted usage of nitrogen input is heavily dependent on the ability of the
monitoring and enforcement mechanism to provide adequate compliance incentives,

and thus implement the Nitrates Directive.

The purpose of the present paper is to examine the effectiveness of a monitoring and
enforcement mechanism to induce in the long-run a large population of homogeneous
farmers to comply with the statutory requirements of a regulatory regime under
different assumption regarding the way that farmers choose to comply or not with
regulation. The examined regulatory regime falls into the category of public voluntary
environmental programs given that no bargaining is involved between farmers and the
Commission in the definition of environmental goals and means of achieving them.' "
Regulated polluting agents (i.e. farmers) can only agree with the terms of regulation
affecting their activities, and a combination of "carrot" financial inducements
provided through the agri-environmental programs of the second pillar of CAP and

"stick" legal binding features of the action programs "’

of the European Council
Nitrates Directive (91/676/EEC) is employed to induce compliance with the given
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regulation.

In our approach, and in contrast to the majority of the enforcement literature, farmers
do not necessarily adopt an optimizing behavioural rule in their decision to comply or
not with the suggested nitrogen usage constraint, but may follow evolutionary rules
modelled by imitation dynamics.'*” Most economic models assume that agents are

"infinite in faculties", they act "as if" unboundedly rational (Conlisk, 1996). If farmers

"“'Guidelines for the monitoring referred to in Articles 5 and 6 may be drawn up in accordance with the
procedure laid out in Article 9 of the Nitrates Directive (EC, 1991).

“’Public voluntary agreements are environmental programs entirely developed by a regulatory body
and farmers can only agree to adopt them or not. For further details see Mazurek (1998), Lyon and
Maxwell (2002) and Saeur et al. (2001).

““Examples of such action programs are the Nitrogen Management Program (Denmark), Ferti-Mieux
Initiative (France) and Prop'eau - Sable pilot project (Belgium) (EC, 2002).

144 . . . . . g . . .- .
"Carrot" incentives involve total-cost or sharing subsidies, information subsidies, technical

assistance and /or public recognition (Mazurek, 1998), while "stick" measures involve the
implementation of existing mandatory restriction or the establishment of a new regulation.

"““For such an exception to the traditional enforcement literature see Xepapadeas (2005).



are characterized by full rationality then they adopt optimizing behavioural rules and
they behave as though they had all the necessary information when they decide about

"““In such a case farmers have full knowledge of the structure of

complying or not.
payoffs and after comparing the payoff that each strategy entails they define their
optimal response to the regulation. This response is maintained across time and space
if there is no modification of the policy parameters by the regulator. On the other
hand, under bounded rationality agents "are no longer assumed to be mathematical
prodigies with access to encyclopaedic manuals written by omniscient game theorists"
(Binmore, 1992).""" Farmers cannot choose their individual strategy in an optimal
manner and their decision about whether to comply or not is adapted to the
information revealed via their interaction over time. We assume that such passive
decision making is based on the imitation of the better-off performing strategy and is
modelled by the replicator dynamics, imitation rule. Under such an evolutionary
process more successful agents and activities gradually increase their share in the
population at the expense of less successful agents and activities (Conlisk, 1996),

leading potential agents who have no clear idea what is going on to behaviour that

may look very rational indeed to a Kibitzer (Binmore, 1992).

Individual compliance incentives, along with the aggregate environmental
performance of a given population, are affected by the monitoring undertaken given
the homogeneity assumption. An environmental agency that engages into costly and
accurate monitoring is considered, where the number of random spot-checks is
defined either in an arbitrary way, based on the alternative behavioural compliance
rules assumed to be adopted by farmers, or selected optimally by minimizing a social
welfare criterion, defined as the sum of monitoring costs and social environmental
damages, constrained by the farmers' full or bounded rationality behavioural rules.
Under each approach the selection criteria for monitoring effort stimulating long-term
compliance of farmers are discussed, allowing comparisons of equilibrium outcomes

under different rationality assumptions.

146 . . . . . . . .
“Rational economic choice involves optimization in the sense that agents consider all possible

alternatives and choose the best (Conlisk, 1996).

"’ According to Conlisk (1996), though people are bounded rational, they learn optima through practice
and in the end act as if unboundedly rational. Economists just take a shortcut and assume unbounded
rationality from the start.



The contribution of this paper consists of the development of a dynamic model of
optimal monitoring constrained by an evolutionary imitation behavioural rule. The
steady-state equilibrium proportion of complying farmers of this model, as well as the
corresponding monitoring effort level is contrasted with the equilibrium proportion
resulting from a conventional optimal monitoring model which considers that agents
are fully rational. Indeed the main distinction between the two behavioural rules and
the main finding of this paper is that under full rationality monomorphic outcomes'**
are the equilibrium outcomes, while under bounded rationality and imitation rules

polymorphic outcomes '’

are very likely as evolutionary stable equilibria. In
particular, our analysis indicates that if the monitoring effort level is chosen
arbitrarily, that is not through an optimal monitoring model, then the characteristics of
the equilibrium outcome are unaffected by the assumed behavioural rule regarding
farmers' decision about choosing compliance decisions. In such a case the equilibrium
outcome is monomorphic, implying either full compliance, or noncompliance with the
Directive's provisions. To guarantee full compliance the environmental agency should
precommit to a monitoring effort value that is higher than the critical value for which
farmers are indifferent between compliance and deviation. The number and the type
of equilibrium steady-states determining farmers' compliance are affected if
monitoring is chosen optimally. A monomorphic behaviour is the steady state
outcome if the social welfare criterion is minimized conditional to an optimizing
behavioural rule by the farmers, while if the problem is constrained by replicator
dynamics representing the passive imitation rule, then the population may adopt either
a monomorphic or polymorphic behaviour. In the latter case whether the population
converges in the long-run to the socially-desired outcome of full compliance, or to an
intermediate status characterized by partial compliance, depends on the initial
conditions of the problem given the fact that both the monomorphic and polymorphic
steady-states satisfy a saddle point property. It is evident that the assumption

regarding the farmers' adopted behavioural rule and the way that the environmental

"“* The long-term equilibrium is monomorphic if the entire population of farmers follows the same

strategy and adopts a homogenous behaviour. This implies that either all the farmers comply with the
provisions of the Directive or that they all deviate from the action program rules.

"’ A steady state is so-called polymorphic if a heterogeneous strategic behaviour is evolutionary stable
in the long-run. This implies that only a proportion of farmers comply with the Directive, while the
remaining proportion deviates.



agent selects monitoring effort level, affects the long-term behaviour of the population
of farmers. Finally, population dynamics with regard to compliance with the given

regulation are reassessed under the presence of investment in monitoring capital.

2. Modelling Farm Activity under the Nitrates Directive

Consider an agricultural area characterised as a nitrates vulnerable zone (NVZ)'"

consisting of i=1,2,...v small and identical farmers operating under competitive

conditions. Individual production choices {xij , ni} positively affect crop yields: "'
Vi =f(x;.m)

where x; = (x Xy yerX, ) is the vector of agent i ’s choices among a set of j=1,...,m

i127%i29 " im

inputs and n, the employed nitrogen input, either organic or manufactured.

Production is associated with unintended generation of nitrates leaching (W, ) that
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contaminates underground and surface water resources. = At time ¢ aggregate

emissions flows N(¢) are:

N(t):Z:ZINi(t):Z:ZIni(t) (1)

indicating by an appropriate choice of units a positive, one-to-one relation between

individual nitrate leaching N, (t) and employed nitrogen input ni(t).

In the absence of any regulatory intervention, farmer i employs the profit maximizing

amount of nitrogen (no ) and obtains the maximum payoff defined as. 15

I1°(n,): n, =argmaxI1°®(n) (2)
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Nitrate vulnerable zones cover about 37% of EU-15 total area (EU, 2003) and are identified as land
areas which drain into waters contributing to nitrates pollution and are defined by paragraph 1 of
Article 3 (EC, 1991).

]S]Itholds fx’fn >0 and fxxﬂfnn >0
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The term nitrates leaching (NO;) refers to the nitrate removal from the soil by the action of water
(Owen et al, 1998). This phenomenon includes both leaching below the crop's roots due to the
downward movement of water (percolation) and leaching due to the flow of water over the surface of
the land (runoff).

">’ Assuming identical farmers we drop subscript i to simplify notation.



I1°(n) = max[pf(x,n) — WX — w”n] 3)

where w = (w,,...,w, ) is the vector of input prices, w" the nitrogen price and p the

output price in the competitive market.

In the unregulated case the generated nitrate emissions N° exceed the socially-
desired levels, since the externality is not internalized, a fact that stimulates

intervention. Each farmer i is required by the action program of the Nitrates Directive

to meet an annual per hectare aggregate nitrogen usage standard (ﬁ) L

nn 4)

When the Directive is combined with an agri-environmental program of the second
pillar of CAP, the given performance standard becomes stricter and farmers are
provided with a subsidy s" per unit of nitrogen fertilizer used beneath the benchmark
n,, that goes beyond basic standard 7, in the sense that 77 > n),. The compensation

payment is:
s"(n, —n)

Under such a "mixed" policy regime combining the environmental requirements of the

Directive and the financial provisions of the rural development regime of CAP, the

payoff structure of farmers complying with 7, is:

I1° (n,n}) = max[pf(x,n) —wx—w'n+s"(nj — n)]

where the nitrogen application is chosen such that I1° (n,7;,) is maximized, or:
I1°(n,): n, =argmaxI1”(n,n}) st.n<nj (%)

We assume that after the subsidy is paid profits are lower, relative to the unregulated

case, thus making the compliant farmer worse off than the unregulated farmer

(ie.T1° (n,) < T1°(n,)).

""The standard is specified into 250 kg N/ha for livestock manure the first four years of the action
program and 170 kg N/ha per year after the first four years, while the limit for manufactured nitrogen
fertilizers is dependent on the crop requirements (EC, 1991).



Such a profit loss might be averted given the non-point-source characteristics of
agricultural pollution. The fact that individual actions (i.e. nitrogen usage) can not be
directly observed by a third party provides farmers incentives to keep both the
nitrogen application at the profit maximizing level n,, and the full amount of the
subsidy s"(n;, —n, ), by falsely reporting compliance with regulation and nitrate use
at the level n,, without incurring the costs that compliance with the Directive entails.

The payoff of such noncompliant behaviour, if it remains undetected, is:
I (n,) =11°(n,) + 5" (np, —=np) (6)

However, farmers are aware that if detected in deviation from the action program

rules then there is an exogenous probability g to be prosecuted and pay a fine

Fe(0,F

max

] if found guilty of causing nitrate leaching pollution by the Court.'”

Moreover, given that CAP payments are subject to the cross-compliance principle, the
detected noncompliant farmer faces a reduction or even cancellation of provided

payments by the amount:
»"(np, —np)
where y e (0,1] is the cross-compliance reduction rate.

Let p the auditing probability, to be specified more precisely later. If the deviating

farmer i is caught, his expected payoft is given by the profit maximizing profits plus
the amount of the agri-environmental payment left after the imposition of the cross-

compliance penalty, minus the legislatively imposed fine:
I (n,) =T1"(n,) +s" (n}, = n, 1= yp) = gpF
=T1°(n,) +5" () ~ny) - pY

where pY = [s” yp(n, —ny)+qpF } represents the total expected penalty for

noncompliance with the environmental requirements.

"**The fine is considered to be a fixed amount. Nevertheless, it may be set to cover the damage caused
and the regulator's cost (DEFRA, 2004).



To ensure that the deviating farmer incurs a positive cost, if inspected, and that his
payoff is lower than the payoff in both the compliant and unregulated case, the

structure of penalties should be such that:
17 (n,) > 11°(n, ) > 117 (n,)) > 12 (n,)

Despite the adequate compliance incentives, the final decision to comply or not
depends mostly on the inspection probability given the fact that individual nitrogen
usage can not be directly observed and thus compliant behaviour is not directly

verifiable. Let p be the probability that deviating activity is detected by an

environmental agency undertaking a number of random inspections:

M>O and 82p—(;m<0 (7)

p=p(,3,0)v) with o5

where ®, is a vector of parameters affecting the probability of regulation (i.e.
legislative procedures, transaction costs) and £ is the monitoring effort (i.e. on the

spot visits) required for the implementation of an auditing scheme. By (7) the
detection probability is increasing in undertaken monitoring effort and displays

diminishing returns in £.
Hence, the expected profits of deviating farmers are:
ETT"(n,)=T1"(n,)+s"(n, —n,) (1= p(B)y) = p(B)gF  (3)
=11°(n, )~ 2(s".n},.7.4.F. )

where z(s",n;,7,q,F,p) = [p(ﬂ)qF —s"(n; —n, )(1 - p(,B);/)] involves the expected
penalty imposed on the detected, noncompliant farmer. The total derivative of the

expected penalty z with respect to policy parameters and monitoring effort indicates
that the imposed noncompliance penalty increases as the performance standard (n;‘J ),

the undertaken monitoring effort (8) and the enforcement mechanism (g,F,y)
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become stricter, while it decreases as the nitrogen usage subsidy (s”) increases.

Therefore, the sufficient condition for compliance is:

Itholds dz/ds" ,dz/dn;, <0 and dz/dq,dz/dF ,dz/dy,dz/dp > 0.



" (n,)>1°(n,)- (g, B)

depending on the magnitude of the undertaken monitoring effort £ and thus the

inspection probability p(f) as well as the rest of the policy parameters summarized

by the vector g = (}/,s”,F,ng,q).

3. Implementation of the Directive

Monitoring effort is of crucial importance both for the detection of potential violators
and the stimulation of compliance through the enforcement of foreseen sanctions.
Consider an environment agency (EA) engaging into costly and perfectly accurate
monitoring in order to induce the majority or even the entire population of farmers to

comply with the aims of the Directive.'”’ The selection of the monitoring effort level

B that accomplishes this goal can either be arbitrary, based on the alternative
behavioural rules adopted by farmers, or it can be optimal in the sense that it is
obtained by minimizing a social welfare criterion conditional to the assumed

behavioural rules which involve either full or bounded rationality.

Depending on their rationality type, farmers use either the optimal decision rule or the
replicator dynamics imitation rule in order to decide whether or not to comply with
the statutory environmental requirements. If farmers are fully rational then they adopt
the optimal behavioural rule, while if there is bounded rationality then the passive,
imitating behavioural rule is adopted. Under the optimal behavioural rule farmers
have all the necessary data, have knowledge of the structure of payoffs, compare the
profits that each strategy entails and decide their optimum response to the given
policy. On the other hand, if economic agents are characterized by bounded rationality
then a passive decision making is adopted based on imitation of the better-off
performing strategy, and the decision whether to comply or not depends on the

information revealed by the interaction of farmers over time.

"'The EA can not influence the range of the policy parameters g = (}/,s" ,F,np, q) but only the level
of undertaken monitoring effort (ﬂ )



Henceforth, according to the adopted behavioural rule the environmental agent can
choose the monitoring effort level that stimulates compliance and eventually leads to
the socially-desired outcome of full compliance or an intermediate status

characterized by partial compliance.

3.1  Arbitrary Regulation Design

Assume that the level of monitoring is chosen arbitrarily based on a behavioural

context involving initially full and then bounded rationality.

3.1.1  Fully Rational Compliance Decisions

Given the policy {s”,n;,y,q,F , ,6’} the choice between the optimal compliance
decision (np,) and the optimal noncompliance decision (n,) depends on the structure

of payoffs under each strategy. Fully rational farmers will decide about complying or

not by maximizing expected profits. Thus, farmers' optimal response implies:

. np if HD(nD)>EH”C(nO)
", i OP(ny) < ETE(n)

o

Assume that a minimum monitoring effort value ™" and thus a minimum inspection

probability p( mi“) exists for given values of the rest of the parameters, making

farmers indifferent between the complying and deviating strategy, in the sense that:
p(B™) : 0" (n,) = EI" (n,) (9)

Henceforth, if the undertaken monitoring effort exceeds the minimum value required
to induce compliance, then the noncompliance decision is not profit maximizing and
farmers' optimum response is n* = n,,. Individual farmers perceive that the imposition
of the noncompliance sanctions is more probable and thus prefer the profit losses that
compliance entails rather than the losses involved by detected noncompliance. Given
the homogeneity assumption the population of farmers adopts a monomorphic
behaviour characterized by full compliance in the sense that all the farmers adopt the
optimal compliance decision. In the opposite case, if monitoring effort is less than

S™" then the inspection probability is not high enough to stimulate compliance. The



optimal noncompliance decision exists and the optimum response of the population of

farmers is n* = n_, meaning that no farmer complies with the Directive.

If the structure of the policy regime is not modified over time and the environmental
agency precommits to the chosen monitoring effort then the population takes at a
given time ¢ a "once and for all" decision, that is retained in the future, implying
either full compliance or noncompliance with the statutory environmental
requirements of the Directive. This requires that the examined public voluntary
agreement has “non-surprise” features in the sense that both the environmental agency
and the policy maker' ™ offer assurances to regulated agents that they will not change

the terms of the agreement (i.e. ,B,g) , in response to changing environmental
protection needs (Langpap and Wu, 2004). Therefore, it holds that:

Proposition 1: If monitoring effort is chosen arbitrarily, based on the assumption that
farmers decide about complying or not by using profit maximizing behaviour, then the
entire population of farmers adopts a monomorphic behaviour which persists in the
long-run. If B> B™ then the optimum compliance decision n* =n, is undertaken
and there is full compliance of the population, while if B < B™" the optimum
noncompliance decision n* =n, is undertaken and there is noncompliance of the

population.

3.1.2  Compliance Decisions under Imitating Behavioural Rules

Under bounded rationality farmers ignore the exact structure of payoffs and form
anticipations about the policy impacts. At a given time ¢ the population of farmers is
divided in two groups, following different strategies concerning compliance with the

Directive. Let x(¢) be the proportion of agents adopting the compliant strategy at time
t, while x,(¢#) the remaining proportion deviating from defined standards and
retaining the profit maximizing nitrogen usage level n,, with x(¢)+x, (1) =1.

The proportion of farmers complying with the provisions of the Directive evolves in

time given the fact that farmers learn the true structure of payoffs via their interaction.

" The policy maker defines the range of the policy parameters g = (}/, s",F,nj, q).



If farmers perceive that the optimal compliant decision n" =n, involves higher

profits, then it is imitated by other farmers and met more frequently in the population,

otherwise the share of compliant farmers decreases and the optimal noncompliant

decision n* =n, is met more frequently. Based on the replicator dynamics framework
described previously, the equation describing the motion of the group of compliant

agents X over time is modelled by:
i = k6 x(1-x)[(g, B) - Al ] (10)

where k6 are constant factors that affect the rate of adjustment to stationarity and are

often set equal to unit without affecting the stability analysis. The expression
[z(g, p ) —AIT) 1= Q(p) represents the divergence of profit losses under the deviating
and compliant strategy compared to the no regulation case, defined as

z(g, )= (I1°(n,) - EI1"(n,)) and AIT% = (11°(n,)-T1" (n,)).

By setting x =0 in (10) we obtain the steady states of the replicator dynamic. It
follows that in the long-run the population of farmers converges to a monomorphic

critical point characterized either by full compliance (xl* =1) or noncompliance

(x;“ = 0) with the Directive. To show this consider the stability condition

E_ 1-20008) (11)
dx

This condition implies that full compliance is the evolutionary stable steady state, in
dx : . : o

the sense that d—x‘x,_l <0, if the divergence of profit losses ((f) is positive. The
1=

mechanism operates in the following way. Assume that there is a critical value of

monitoring effort ( Y ) setting the profit loss divergence equal to zero and thus making

farmers indifferent between the considered strategies:
B (B)=0

This critical value is similar to the minimum monitoring effort value ™" defined

under unbounded rationality, and behaves as a bifurcation parameter since the sign of

Q and thus the stability of the steady states, depend on the magnitude of the



undertaken monitoring effort £ relative to the critical value E . Therefore the
imposition of the more costly noncompliance sanctions, which are reflected in
z(g, [3’), becomes more likely if the undertaken monitoring effort S, exceeds the
critical value ﬁ . In such a case the profit losses that compliance entails are preferred
to losses involved by detected noncompliance, inducing in the long run the entire
population of farmers to adopt the optimum compliance decision n* = n,, in the sense

that lim, |, x=1.

Therefore, when the environmental agency precommits itself to an announced fixed

monitoring effort £ it holds:

Proposition 2: [f monitoring effort is chosen arbitrarily based on the assumption that
farmers decide about complying or not by following proportional imitation rules then
the population of farmers converges always to a monomorphic steady state. If > ,5
then the share of compliant farmers increases over time resulting eventually into full
compliance x| =1 with the Directive, while if f < ,5 then the proportion of complying

farmers diminishes over time resulting into noncompliance x, =0.

The total differential of (g, ﬁ ) =0 with respect to the policy parameters g indicates

that given the costs of monitoring effort the target of full compliance can be attainable

through less monitoring effort if the "mixed" policy is characterized by a laxer
performance standard (n;), an increased rural development subsidy (s”) and / or a

stricter enforcement mechanism (q, F, 7), as can be seen by the derivatives:

df _ PPV _ g ang 9B _ (i =np)pB)y _

dn), dz/dp ds" dz/dfp

dp _ _dzldq _ dp __dzldF . df__dzldy
dg  dz/dp dF  dz/dp dy  dz/dp

This implies that under the proper design of the policy parameters g the range of
monitoring effort values £ that induce full compliance can become wider, allowing

the environmental agency to achieve full compliance by committing to a lower

monitoring effort value and thus incurring less monitoring expenses. In this sense



there is trade-off between the different policy instruments for attaining full

compliance.

Under the replicator dynamics imitation rule the aggregate nitrate emissions are
affected by the decisions to comply with the Directive. Therefore equation (1) is

further specified as:
N =v{xn, +(1-x)n,)} (12)

It is notable that if the environmental agency chooses the monitoring effort value (or
inspection probability) based on observations of compliance fraction x and / or
aggregate emissions N (or equivalently the aggregate nitrogen input usage » ), then
the inspection probability (7) with joint dependence on compliance status x and

stocks would be:

p()=p(B(x,N),0,) with Z—i<o and g—]‘\’]>o

Under such a generalised inspection probability, the replicator dynamic equation (10)

is redefined as:
x=x8 x(1-x)[z(g B(x,N))—All} ]

where the associated stability condition is:

& _ - _ P 9B
o =(1-20)Q(B(x,N))+x(1-x) 38 ox Y

Under an inspection probability dependent on (x, N ) , the replicator dynamic equation
defines two monomorphic equilibrium points, x’ =1 and x; = 0. Nevertheless, there
is a potential third equilibrium point x; e(O,l), which satisfies the equilibrium

condition x =0 and involves partial compliance of the regulated population. This
steady state is determined by a critical pair of compliance fraction and aggregate

emissions that sets divergence of profit losses equal to zero, defined as
()?,2\7 ) : Q( ﬂ()?,]\? )) =0. The existence of the polymorphic steady state and thus the

type of the prevailing equilibrium under this generalized case, depends on the



magnitude of the critical pair ()?,]\7 ) and the monomorphic pair values, (xl* A ) and
(x5.N7).

Given the assumptions that d8/0x <0 for xe[0,1] and §B8/0N >0, it holds that
Q>0 for any (x,N)< (?c,]\?) and that Q<0 for any (x,N)> (J?,]V) . Hence, if the
critical pair ()?,ZV ) lays in the interval (0,1) , 1in the sense that
(xl* A ) > (?c,](f ) > (x;,N;) , the associated stability conditions are:

ﬁ
dx

dx
,—
xr:l dx

>0 and ﬂ
dx

<0

x;e(o,l)

x;:O
involving that both monomorphic equilibria are unstable, while the polymorphic

equilibrium x; is stable. In the opposite case that (3?,]\7 ) lies outside the interval

(0,1) meaning that either ()?,]V) > (xl*,Nl* ) > (x;,N;) or
(xl* N, ) > (x; N, ) > ()?,]V ) , the population converges to a monomorphic steady state
involving either full or no compliance of the population with the Directive.

It is underlined that under an inspection probability defined either as p( yis (x)) or

p( p (N )) , the long-run behavior of the population is identical to the behavior under
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the under the generalized inspection probability p( p (x, N )) .

It can be concluded thus that:

Proposition 3: If monitoring effort is chosen arbitrarily based on the imitation
dynamics rule and the state variables of the problem, the regulated population

converges either to a polymorphic or monomorphic steady state.

""" In the case of p( p (x)) there is a critical compliance fraction defined as x setting Q =0, while in

the case of p( p (N )) there is a critical value of aggregate emissions N setting Q =0 respectively. In

each case the type of the evolutionary stable critical point depends on the relation between the critical
value and the associated monomorphic values. Hence, the population converges to a polymorphic

steady state either if x, >x>x, or N, > N > N, .



Finally, it is worth mentioning that under the proper design of the policy parameters

g the polymorphic steady states can be driven closer to the full compliance steady

)
state. '

3.2 Optimal Regulation Design

Even though the unintended generation of nitrates emission flows offers private
benefits to individual farmers, their decisions create external costs for the rest of
society (Chambers and Quiggin, 1996) in terms of both natural environment and

human health consequences. Let D(N) be the social damage caused by nitrates
leaching that is assumed to be a linear function of aggregate nitrates leaching. Given

the assumed direct, one-to-one relation between individual nitrate leaching N, and

. . . . 161
nitrogen input 7, , social damages are given by: ’

D(N)zaN:aZni =avn

i=1
where o > 0 represents the constant marginal damage of aggregate emission flows.

Monitoring effort f required to verify compliance is also costly to society since it
requires resources. It is usually financed by social funds raised through taxes and
furthermore involves transaction costs to the environmental agent. The associated
monitoring costs are:

o> m(

m(f) with M>O and —2'8)>0
op op

characterized by 0m(0)/08 > 0.

Consider that the environmental agency selects the monitoring effort level in an
optimal way in order to minimize the aggregate social costs SC, defined as the sum

of monitoring costs and environmental damages from nitrates leaching:

' For the analysis of regulation in common pool resources under imitation dynamics see Xepapadeas

(2005).

'“'Given the homogeneity assumption we can drop the index ; in the social damage expression.



min SC :mﬁin{m(ﬂ)+D(n)} (13)

conditional to the expression of aggregate nitrates emission flows and the behavioural

rule considered each time.
3.2.1  Fully Rational Compliance Decisions

If the environmental agent considers that farmers are fully rational then the
minimization problem is conditional to the compliance constraint (9). Under this

context the problem is static and given by:

mﬁin {m(ﬂ) + avn)}
s.t.
I1°(n,) = EITI" (n,)

n= Zn,. =vn
i=1
The Lagrangean of the problem is:
L(Box. ) =m(B) +avn-+ u{ ETT" (n,) 11" (n, )}

where p is the Langrangean multiplier denoting the impact of a marginal change in

the payoff of complying agents on the value function J* of aggregate social cost and

is considered to represent a marginal cost (i.e. o> O).

The associated first-order-optimality conditions involve:

oL _om(B)  dp(B) Mt — ) = :
YR r 25 (qFy +s"(n), —ny))=0 (14a)
S_zZEH”“(nO)—HD(nDFO (140)

1 (n,) =[ pf (x,n)—Wx—w'n+s"(n, = n,) |
ET"(n,)=11°(n,)+s"(n, —n,) (1= p(B)y) - p(B)qF
In the absence of a budget constraint, the compliance constraint (14b) determines the

optimal £ : B = 8™". Then the Lagrangean multiplier x is determined by (14a) for
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B =p". Since OET1"(n,)/0f <0, if the regulator actually applies monitoring effort

L= +ec=p""+¢&, >0, full compliance is attained. This is a “knife-edge” result
induced by the fully rational behaviour of the farmers regarding their compliance

decisions. If an effective budget constraint of the form m(ﬂ)SB i1s present, then

monitoring effort will be chosen at a level S(B) : m(B)=B.If B(B) is less than

the minimum value A™" required to induce compliance, then the compliance
incentives are inadequate and the entire population of farmers ends up adopting the
noncompliance decision rule »* =n,. In the opposite case the compliance strategy is
the prevailing strategy and the population is characterized by full compliance with the

Directive and the optimum compliance decision »n" = n,, occurs in the long-run.

Proposition 4: If monitoring effort is selected optimally based on the assumption that
farmers decide about complying or not by using profit maximizing behaviour, then the
population always adopts a monomorphic strategy. If a budget constraint is not
effective, then full compliance is attained by choosing ,B =™ +¢&. If a budget
constraint is effective, then if B (B) > B™ the optimal compliance decision is
adopted and the population is characterized by full compliance, while if B (B) <pm

the optimal noncompliance decision is adopted and noncompliance emerges.

3.2.2  Compliance Decisions under Imitating Behavioural Rules

Under imitating behavioural rules modelled by replicator dynamics (10), the

regulator's problem is:

0

min [ exp(-pt){m(f) + an}

0
s.t.

i = x(1-x)|z(g, B) - AIT; |

n :Zni =v[xnp, +(1-x)n,]
i=1

The Hamiltonian of the problem is:
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H(B,x,2) =m(B) +av[xn,, +(1-x)n, 1+ Ax(1— x)|z(g, B) - AT, | (15)

where A is the associated costate variable reflecting the impact of a marginal change
in the proportion of complying agents on minimum discounted social cost J*:

)

1=
ox

and represents the dynamic social shadow value of compliance. This value is expected

to be negative since an increase in compliance reduces social costs (i.e. 1 <0).

The Pontryagin maximum principle'* implies for x e (0,1) 163

oHC) _amB) | 5ei- PPy oif g > 0 (16a)
o8 op 5
i ag—/;’)w, B =0
i=pa- 0 2 p - (1-200(8) - vl -1, (16b)

The associated Arrow-type transversality conditions imply:

limexp(—pt)A(t) >0 and limexp(—pt)A(t)x(t)=0

Assume that condition (16a) determines an interior solution (i.e. p> 0). From the

Implicit Function Theorem the optimal monitoring effort A* minimizing the

discounted aggregate social costs is:
(16a): :>ﬂ*:ﬁ(x,/”t,g)=ﬁ(x,l,y,s",F,n;,q) (17)

At the monomorphic steady states the value of £ depends on the magnitude of the

policy parameters g, while it is independent of the state and costate variables of the

problem. Hence, for x=x/=1 or x=x; =0, we assume that f=p", ¢=12 is

'“’The second-order-condition H s (B,x,2) is positive implying that the optimal B minimizes the
Hamiltonian H(f3,x",1).

'“Note that Y = [qF+s";/(n; —nD)J.



chosen such that both full compliance and no compliance are conditionally attracting

164

for the replicator dynamic equation. ~ In particular, 5 is selected to set the

divergence of profit losses [z(g, ﬂf)—AH"D]zQ(ﬂf) positive, in the sense that the

compliant strategy is preferable in terms of profit losses, so that once the population

converges to the full compliance steady state it does not diverge. On the other hand,

pS, is selected to set the divergence of profit losses [z(g, ﬂ;)—AH(’D]=Q(ﬁ; )

negative, so as to set profit losses under the deviating strategy preferable to the losses

involved by the compliant strategy.

By substituting (17) into (10) and (16b) the modified Hamiltonian dynamic system
(MHDS) in the state-costate space is defined as:

i = x(1- 0)|z(g. B(x. A.g)) — AITS | (18)
A= 2p-(1-20z(g. Ax.2.8)) - ATT - avr(n)” (19)

where [n, —n,]= A(n)f. The solution of the MHDS determines the socially-optimal
time paths (x*(t), /1*(1)) and the socially-optimal steady state equilibrium point
(x*,A4”) for the compliance fraction x and its shadow value A, along with the
corresponding socially-optimal monitoring effort path S* (x*(t), N (t)) .

By setting (x =Ai= 0), two types of possible steady states are determined for the long-

run equilibrium compliance fraction:

Monomorphic : x =1, x; =0

Polymorphic : x; €(0,1) : z(s",n}.7.4,F, B(x,2,8)) = AIT;,
Monomorphic critical points involve either full compliance (x;) or full

noncompliance (x;) with the Directive. They are depicted by two isoclines vertical to

the horizontal axis (figure 1).

[Figure 1]

' Both assumptions for the values of Q(ﬂl*) and Q(ﬂ; ) are necessary for the definition of the
stability properties of the monomorphic steady states. For further details see Appendix I.



The polymorphic steady state (x;) is characterized by partial compliance and is

implicitly defined by an isocline x(1)

., With the property:
050 © Qxd)= 2" .y F B g AT [0 (20)

All the combinations (x,1) along the /l(x)|x20 isocline satisfy Q(x,1)=0. For

combination (x, 1) outside this isocline Q # 0. For combinations located above the

isocline ©Q > 0, while combinations located below are characterized by Q < 0.'*

The /I(x]xzo expression is illustrated by an inverse "U" shaped isocline with

. - . . .. 166
maximum at x =1/2, (figure 1) since its slope is:

A
da oB* / ox i’_xxzo >0 for xe(0,1/2)
dx |- op* 104 ‘;—j O<0 for xe(l/2,1)
xX=

The slope can be interpreted as reflecting the relative variability of the monitoring

effort S due to changes in the levels of the state and costate variables.'®’

By setting (19) equal to zero and substituting the steady-state equilibria of (18), the

corresponding steady state shadow values of compliance are defined as:

A(n)D avA(n)D avA(n)
P =l L= ° . and 1* -
x; =1 ME) x;=0 ,O—Qﬂ; x: €(0,1) 0

By the assumptions for the values of Q(,Bl*) and Q(ﬂz*) and the fact that avA(n). <0,

it holds that A is negative at all steady states and that 1*

xe(0,1) 1s greater than

"It is assumed that Q(ﬂl*) is positive, while Q(,Bz* ) is negative, so that both full compliance and no
compliance are conditionally attracting for the replicator dynamic equation.

1%This isocline does not intersect with the monomorphic isoclines of (18).
. . _ 0
" From the partial derivative df3 / dx = (— H ﬂﬂ) l{/1(1 - 2x)%Y} , it is evident that

dA/dx >0 for x€(0,1/2) and dA/dx <0 for x €(1/2,1).



/1*

x:=0- Therefore the monomorphic steady state shadow values 4 and

A, are below the l(x)L.C isocline (see figure 1).

=0
The behaviour of the A =0 isocline in the (x,/l) space is ambiguous given that the
sign of the slope:

iy _ P 9p B P 9B
_ A{zg(ﬁ) (1-2x 35 ox H{ (1-2 ){Q /18,8 ~ }} (21)

dxﬁ,O_

can be determined only in the neighbourhood of the steady-states and around the
compliance value (x =1/ 2) (see figure 1)."°" Whether the A =0 curve is continuous
or not at the monomorphic values of 4 depends on the assumptions for the optimal

values " and £, . In particular ﬂ.,( 1*) and /1’;( N ) are continuity points if:

lim f(x,2,g)= £ and lim f(x,2,g)= 4; (22)

x—1

simultaneously occur. However, it is more natural to assume that the hair-line case of

(22) 1s not satisfied and that the monomorphic values of A are isolated points of
A=0.

Depending on the shape of A =0 and ﬂ(xlxzo in the (x,/l) space, the 4 =0 isocline
can be depicted in several ways. If the two isoclines do not intersect, then A=0
represents either a "U" shaped curve, or a curve with decreasing and increasing parts

(figure 2). On the other hand, if 1 =0 intersects the Q(x,1)=0 once for x €(0,1),

then it assigns a fixed value to A for the monomorphic steady state of (18) and

defines a curve with decreasing and/or increasing parts for the remaining x values

(see figure 3). Finally, in the "knife-edge" case where the A =0 isocline is symmetric

168 di

Around the monomorphic equilibrium points the slope is |7 />0 and ”” xz o <0.For x= 1/2

‘fz

it holds <% o >0 if

0 < 0, while around the polymorphic steady states it can be seen that

x3

€ (0,1/ 2) and 4 o <0 if x; € (1/ 2,1). At intermediate compliance values the slope sign is

uncertain.



around x=1/2 and intersects the Q(x,4)=0 twice, it is defined by an inverse "U"
shaped curve (see figure 4).'”

[Figure 2]
[Figure 3]
[Figure 4]

The intersection of A=0 and % =0 isocline defines the long-run equilibrium for x

and 4. The total number and type of feasible socially-optimal equilibrium steady

states (xl* ,/1;‘) depends on the shape of 1=0 and /1(x)|x20 in the (x,1) space. If

A=0 does not intersect with /I(x)x then the MHDS involves only two

=0
monomorphic steady states indicating full or non compliance (figure 2). On the other

hand, if they intersect then the system is characterized by the two monomorphic
equilibria and one polymorphic critical point (figure 3), given the fact that A=0

meets /I(x]xzo only once, either at its increasing or decreasing part.'”’ In this case if

A=0 and Z(xlxzo intersect at the increasing part of ﬁ“(xlxzo , then the polymorphic
rest point involves a small fraction of compliant farmers (ie. x; €(0,1/2)), while if
they intersect at its decreasing part then it involves high proportion of compliant

farmers (ie. x; €(1/2,1)).""

Given that monitoring effort is optimally chosen, the MHDS is characterized by
multiple equilibria involving either full compliance (xl*,/ﬁ), noncompliance (x;‘,ﬂ’;)
and/or partial compliance (x;,i’;) with the aims of the Directive. The stability

properties of each critical point are examined in detail in Appendix I. Stability

analysis suggests that the system is characterized by multiple saddle points potentially

"It is worth mentioning that the A =0 isocline cannot intersect with the monomorphic isoclines of

(18) in the area defined above the ﬂ(x)| +—o isocline due to the fact that both /f; < /1; and ﬂ; < /1;.

Furthermore, we exclude hairline cases where the 4 = 0 isocline is tangent to the Q(x, /1) =0 curve.

"""The slope at the polymorphic steady states is known, since the MHDS can not have multiple
polymorphic steady states.

"'In the special case that A =0 is symmetric around x =1/2 and intersects the Q(x,ﬂ) =0 twice,
the MHDS has two polymorphic critical points, with the same shadow value for A (figure 4).



connected by heteroclinic orbits (see Figures 5a,b). In particular, both monomorphic

rest points and the polymorphic steady state involving a high level of compliance (i.e.
6(1/2,1)) satisfy the saddle point property, implying that for any initial
compliance x°, there exists an initial costate variable A° such that the system

converges to one of these steady states as ¢ —o. Convergence to a specific
monomorphic or a polymorphic state depends on the specific initial compliance state.
In this sense the emerging long run steady state exhibits history dependence.

[Figure 5a]
[Figure 5Db]

Stability analysis also indicates that depending on the relative magnitude of marginal
social benefits and costs the steady states may include one stable and one unstable

polymorphic steady states, with the stable steady state involving low level of

compliance (i.e. x; €(0,1/ 2)) If the structure of marginal social benefits and costs is
such that the trace 7 r(J *) of the Jacobian matrix J~ of the MHDS evaluated at the

low compliance steady state (x;, 1 ):
. a
Ir(7:)=pt { [(1-x 3> A (1-2x) ﬂ}

is negative, then (x;,4;) is a stable steady state. Furthermore, depending on the sign
of the associated discriminant A, this steady state can be a stable focus where the
approach path is characterised by oscillations (see figure 6) or a stable node without
spilaring trajectories. In the special case that 7; r(J; ): 0 and A<O0, then the

polymorphic steady state is center where the system fluctuates around the rest point.
[Figure 6]

It is worth mentioning that when the low compliance steady state is unstable, then
there is a possibility that a limit cycle with counterclockwise movement exists around
the given critical point (see figure 7). Given that the flow of the vector field (18) -
(19) points outwards around the unstable steady state, a limit cycle denoted by L

exists if a compact positively invariant region R exists such that the flow of the vector
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field is pointing inwards on its boundary.'”” In such a case all the (x, 1) combinations

along the limit cycle L are stable states and under particular initial conditions the
system can be trapped in a low level compliance area characterised by oscillating
dynamics.

[Figure 7]

Hence, it can be concluded that:

Proposition 5: If monitoring effort is chosen optimally based on the assumption that
farmers decide about complying or not by following proportional imitation rules, then
depending on the initial compliance state x,, the population converges either to a
monomorphic steady state involving full compliance (xl* ,Zq*) or full noncompliance
(x; ,ﬂ;), or to a polymorphic steady state involving low or high levels of partial
compliance (x;,/f;) . Depending on the topological properties of the resulting
evolutionary equilibrium point, the approach dynamics can either be monotonic or

oscillating.

The slope of examined isoclines influences the discrepancies between the equilibrium
compliance proportions associated with the polymorphic and monomorphic steady
states. If the monitoring effort is more sensitive to changes in the compliance fraction

(x), or alternatively less sensitive to changes in the shadow value of compliance (1),
then the isocline ﬂ(x)L.C: 0 becomes steeper and the discrepancy between the

polymorphic and monomorphic steady states increases, leading the polymorphic

steady state closer to the central compliance proportion, x =1/2.""

The short-run and the steady-state comparative statics analysis indicates that even
though a reduced rural development (RD) subsidy (s” ), a lax enforcement mechanism

(q,F ,7) and a stringent performance standard (n,’;) induce a reduction in the short-

run socially optimal monitoring effort in the polymorphic compliance range

""For further details see Xepapadeas (2005). For technical details see Sastry (1999).

""In the opposite case the ﬂ,(x)| +=o 1socline is flatter and the discrepancies between the rest points

decrease.
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xe€(0,1) , '™ their impact on the steady-state monitoring effort value

Br=p (xf",/lj",g) is ambiguous and crucially dependent on the relative magnitude of
their short-run and long-run impacts on B.'" Finally, it is worth mentioning that the
short-run and steady-state monitoring effort values at the monomorphic compliance

values are left unaffected by variations of the policy parameters g = (}/, s",F,nj, q).

4. Implementation of the Directive under Accumulation
of Monitoring Capital

According to the European Commission (2002), the performance of action programs

' which monitor nitrogen in soil,

is assessed through a network of sampling stations
rootzone level, pilot fields and / or small watersheds. Henceforth, besides the

occasional random spot-checks (,B), the environmental agent also engages in the

installation of monitoring capital to facilitate the detection of deviating performance

and thus the stimulation of compliance with the public voluntary program.

Let / represents investment in capital in the form of field monitoring systems,

laboratory equipment and scientific personnel that accumulates in time defining

monitoring capital k. The net capital formation is described by:'"’

k=1-5k (23)

174 . . . . .
"The short-run comparative statics analysis results are summarized in:

X A YV s” I’l; q F

i ? ) + + + + +

where for compliance fraction values lying within the range x € (0,1/2), it holds that (dﬂ : / dx)> 0,
while for x & (1/2,1) then (dB° /dx)<0.
'"The steady-state comparative statics of monitoring effort with respect to parameters g are given by:

0B;(0) ax® 9B () 047
and (ﬁ éioo) (%+ ﬂé;w)a—é) are the short-run

op(e) _ |ohilo) & o) 0 J L =) 05, ()
og L o og 04 og og og

and long-run powers exercised by policy parameters g .

""*One station for 100-200 Km? is recommended (EC, 2002).

"It is considered that due to technological and / or budgetary restrictions the accumulated monitoring
capital does not alter the problem of non-point-source pollution into a point-source problem, in the
sense that full observability is unattainable.

, where



where ¢ > 0 is the exponential depreciation rate of monitoring capital % .

The inspection probability (7) is redefined as a positive function of both monitoring

effort and accumulated monitoring capital:

2 2
L ana 2P ¢

.. Op
= Lk, h—>0,
p0)=plpk0) w2 >0, 22 comnd 22

with diminishing returns both in £ and k. Note that complementarity is assumed to

exist between the monitoring effort and monitoring capital.

In this context the expected deviating payoff (8) is rewritten as:
EH"U (no) = 1_‘[0 (no ) - Z(ﬂ9k7g)

It is evident that a farmer's decision to comply or not depends on both the magnitude
of monitoring effort and accumulated monitoring capital. This implies that in addition
to the level of undertaken monitoring effort, the environmental agent must select the

level of realized investment in monitoring capital (I) that ensures that the

accumulated monitoring capital k£ is sufficient enough to stimulate full or at least

partial compliance of the regulated population with the aims of the Nitrates Directive.

4.1  Arbitrary Regulation Design

Accordingly to the perceived rationality context, the investment level must be set
higher than the value that satisfies with equality the associated indifference

conditions:' "

Full rationality - I™ — k™ so that T1°(n,)=EIT (no,ﬂmm,kmi“)
Bounded rationality : I — k so that  Q(p, lg) =0
Under the assumption that there is no binding budget constraint to restrain the value

of realised investment in monitoring capital and given that 8> 8™ (or ﬁ) , the

entire population of regulated farmers is eventually induced to adopt the optimum

""“The selection criteria of monitoring effort B are not modified.



compliance decision if 7 >I™" (or 7 ) so that the accumulated monitoring capital &

exceeds the minimum value ™" (or k )

The fact that capital depreciates over time (i.e.5 > 0) must also be taken into account

in the selection process of monitoring capital investment. An investment level that

retains capital invariant over time exists:
I" k=0

Thus independently of the considered behavioural rule, the investment level / must
be set at least equal to /* to ensure that the inspection probability p(8,k) (via the

accumulated monitoring capital) and thus the compliance incentives do not decline

. Q
over time. 7

Henceforth, when it comes to choosing the undertaken investment level / , the

environmental agent must select a value higher than the maximum of /™ (or 1)

and /" to simultaneously ensure that the accumulated monitoring capital & does not

decline over time and that the compliant strategy (nD) is the optimal decision.'*’
Given that B> B™" or > /3, it is concluded that:

Proposition 6: If investment in monitoring capital is chosen arbitrarily and the
budget constraint is not effective, then full compliance of the regulated population is
attained if under the full rationality behavioural rule I >max{]mm,1#} or

I> max{f v #} under the bounded rationality behavioural rule.

However, given (23), the accumulation of the required monitoring capital

k> max{kmi“,k#} or k> max{l?,k#}

"I I < 1" then k <0 and given that (0p/ok)> 0 the inspection probability declines over time so
that eventually T1°(n,)) > ETT"™ (nu,ﬂ"’i",k"“") and Q(E,/;) <0.

"1t is stressed that if 1 > I™" (or 7 ) but 7 < I” then the deviating strategy eventually becomes
more profitable, given that k and p(f,k) decline over time.



is a time-consuming process depending on the size of undertaken investment (i <I )
and depreciation rate (5).lxl The notion of time appears in the attainment of the

desired long-run behaviour. In particular, under the context of full rationality the

critical capital level behaves as a bifurcation parameter since for lower values no

farmer complies with the Directive's provisions, but as soon as k is reached and
exceeded there is an automatic switch of all the members of the population to the
compliant strategy.'*” Such a direct convergence to the full compliance critical point

is not expected under the bounded rationality context where the dynamics of the

farmers' population appear quite differentiated. For capital values less than k the

share of compliant farmers declines over time leading eventually to the full
noncompliance steady state (x;‘ :0), while for values that exceed k the share of
compliant farmers increases over time and there is gradual and not instant

convergence to the full compliance steady state (xl* = O).

4.2 Optimal Investment Policy

Investment in monitoring capital is costly to society since it involves purchase and
adjustment costs for the environmental agency. In such a case the function of

monitoring cost (CM) is given by a separable function of the form:
CM =m(p)+bl +q(I)

where b is the per unit purchase price of monitoring capital and g(/) the convex

adjustment costs including installation costs and personnel training (Xepapadeas,

1992b).

Hence, the agent pursues the minimum present value of the augmented aggregate
social costs SC' by defining the optimal path of both monitoring effort and
monitoring investment conditional to aggregate nitrates emission flows, the capital

accumulation differential equation (23) and the behavioural rule at each point in

"“'Even though there is an investment level ([_ ) that guarantees the instant accumulation of the

required capital and thus the direct convergence to the desired long-run equilibrium, such a size of
investment is unfeasible due to apparent budgetary and /or technological restrictions.

"“’If [ > I then there is automatic convergence to the full compliance critical point.
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time. '™ Even though the minimization problem under the full rationality
behavioural rule is no longer static, there is no modification in the dynamics of the
farmers' population since the regulated population retains a monomorphic behaviour
regarding compliance or not with statutory requirements, which depends on the

magnitude of the applied optimum monitoring elements (ﬂ*,l *) compared to the

critical values (ﬁ min [ ) . However, under the imitating behavioural rule the
topological properties of the polymorphic steady state involving high compliance
levels (x; € (1/ 2,1)) are altered, since it no longer satisfies the saddle point property.

Depending on the structure of the associated marginal social benefits and costs this
steady state exhibits identical properties to the low compliance steady state

(x;‘ € (0,1/2)). It can be a stable steady state with monotoning approach dynamics or

spilaring trajectories, as well as a center equilibrium point, or an unstable critical point
associated with a limit cycle where the system can be trapped in a high level
compliance area with oscillating dynamics. Finally, it is worth referring to the
possibility of an extreme case where both polymorphic steady states are unstable and

around them there is a limit cycle.
5. Conclusions

The non-point-source characteristics of agricultural pollution problems undermine the
effectiveness of regulation to induce compliance with environmental considerations,
rendering essential the existence of a substantial monitoring mechanism. Both the
Council Nitrates Directive (91/676/EEC) and the agri-environmental programs of the
second pillar of CAP have incorporated such mechanisms in their policy design in
order to verify that regulated farmers are complying with statutory nitrogen usage
standards, and that foreseen sanctions are enforced whenever noncompliant behaviour
is detected. The intention of the present paper was to examine whether the compliance
incentives associated with monitoring and enforcement under 91/676/EEC and the

second pillar of CAP, are adequate enough to induce the majority or even the entire

"““Where SC' = m(f8) + bl + q(I) + D(n).

"“"To avoid complexities the compliance criterion (9) is considered to be satisfied with strict inequality

>)-



population of farmers to restrict, in the long-run, the nitrogen input usage to the level
suggested by a regulatory regime combining both the aims of the Directive and the
compensation payments of CAP. To do so, we considered a homogeneous population
of farmers who in their decision of whether to comply or not with the provisions of
regulation, may follow two alternative behavioural rules according to their rationality
characteristics. The selection of the monitoring and enforcement scheme by the
regulator, is characterized under two assumptions, regarding farmers’ compliance: (1)
the optimizing behavioural rule which occurs under full rationality, and (ii) the

evolutionary imitation rule which occurs under bounded rationality.

Our results suggest that the compliance incentives of a given population of farmers
are affected by both the rule for selecting monitoring effort by the regulator and the
behavioural rules under which farmers decide their compliance strategy. If monitoring
effort is chosen by the regulator arbitrarily, based either on farmers’ profit
maximizing behaviour or on farmers’ proportional imitation rule, then the entire
population of farmers adopts a monomorphic behaviour, involving either full
compliance or full noncompliance. Full compliance can be guaranteed if the
environmental agency precommits to a monitoring effort value set higher than the
critical value which makes farmers indifferent between compliance and deviation
under both behavioural rules. If monitoring effort level is chosen optimally via the
minimization of a social welfare criterion, then the same monomorphic behaviour
emerges if the problem is constrained by the farmers’ optimizing behavioural rule
regarding compliance. If the social welfare criterion is minimized conditional to the
farmers’ imitation behavioural rule regarding compliance, then the population may
also adopt a polymorphic behaviour involving partial compliance. A further difference
between the optimality and imitation behavioural rule is the time occurrence of the
long-run behaviour. When farmers are fully rational in deciding about their
compliance strategy, then there is an immediate switch to full compliance or not, since
the population takes a "once and for all" decision. Under the replicator dynamics
imitation rule there is a gradual change in the composition of the population,
depending on the revealed information via the farmers' interaction over time. Finally,

the enforcement problem of the given regulation was reexamined under the presence
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of an additional choice variable - investment in monitoring capital - indicating

identical properties with the previous analysis regarding population dynamics.
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CHAPTER II:
Modelling of Agricultural Behavior under the CAP
Regime: Assessment of Environmental Impacts and
Policy Effectiveness

The structure of farming activity under the provisions of the generalized regime of the
Common Agricultural Policy involving both the first and second pillar elements is
modelled. Independently of whether regulated agents exhibit unbounded or bounded
rationality, the impact of the different type of CAP measures, as prescribed by Agenda
2000, in the decision making - and thus on the environmental performance of a
homogeneous population of farmers - are discussed. The problem of a representative
farmer is used for this purpose. After assessing the environmental effectiveness of the
various CAP regimes, the mechanism that provides the type of CAP instruments that
safeguard the collective attainment of a social environmental target, along with the
type of interdependence characterizing them, is defined under the analytical
framework of unboundedly and boundedly rational agents respectively. The problem
of the optimal regulation of an unboundedly rational population of farmers is
discussed in both a static and a dynamic context. The long-run viability of the Agenda
2000 CAP reform is also examined under the assumption of bounded rationality by

employing the evolutionary framework of replicator dynamics.

Given that the aim of this Chapter is twofold, it is divided into two sections, with
section 1.1 being dedicated to the assessment of the relative environmental impacts of
the various CAP subregimes of Agenda 2000, whilst section [1.2 addresses the design
of optimal policy under alternative contexts regarding assumptions about the

rationality of the regulated agents.

European Environment under the CAP Regime

Despite their beneficial environmental services, European agriculture is associated
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with a series of adverse environmental effects. ©° Among the factors creating the

" Among the beneficial services are classified the decline of greenhouse emissions and the gains to
biodiversity, while among the adverse services are the loss of landscape diversity and quality, as well



unbalance between agriculture and environment, CAP measures are considered of
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primary importance.

Supports linked with output levels (coupled payments)
increased production to levels that would not have occurred otherwise, resulting into
intensification, specialization, expansion of cultivated areas and rise in livestock
numbers (Baldock et al., 2002). Even though coupled payments have not yet been
cancelled by EU market policy (Pillar I), the Commission circularly admitted in 1988
that such a price policy is liable for environmental damages (Fennel, 1997) and

decided to reorganize CAP as a response to the wider demand for an environmentally

oriented CAP.

The major element of the 1992 or McSharry CAP reform was the gradual reduction or
even elimination of production subsidies and the introduction of direct aid payments,
provided per hectare (decoupling) to compensate farmers for support price cuts (EC,
2003). The substitution of price support measures by decoupled payments was
continued by the 1999 or Agenda 2000 reform, which makes direct aid payments
conditional to environmental aims (i.e. horizontal regulation). A long-term set-aside
mechanism " was proposed and a package of rural development measures (Pillar
I)'* was promoted to complement reforms of common market organizations (CMOs)
and internalize major environmental considerations. To maximize environmental
benefits, both direct and pillar II payments are subject to the cross-compliance
principle, a sanctioning approach incorporated in horizontal regulation that involves

proportionate penalties for environmental infringements entailing, where appropriate,

as the deterioration of important habitats. For further details about the beneficial and adverse
environmental services of agriculture, see the introductory chapter in Part I.

"““The driving forces of such an unbalance are: (i) changes in market conditions (i.e. input prices), (ii)
commercial considerations (i.e. profit maximization), (iii) institutional changes, (iv) technology
development, (v) economic and social changes in rural areas (i.e. cost of labour, population mobility),
(vi) independent and partly endogenous environmental changes (i.e. global warming), as well as (vii)
public policy measures of CAP or in different policy realms (i.e. land ownership, food safety) (Baldock
et al., 2002). Furthermore, among the factors that contribute to agricultural pollution are also classified
the imperfect knowledge about the (i) land attributes (i.e. soil moisture and fertility level) (Johnson et
al., 1991), (ii) location physical attributes (Wu and Babcock, 2001), as well as (iii) the operating
characteristics of the activity (i.e. farming experience, education) (Wu and Babcock, 2001).

"“"Farmers setting-aside their arable land for ten years are eligible for direct payments dependent on
this requirement. Non-food crops (i.e. energy crops) can be cultivated on this land (EC, 2004a).

"““Under Pillar II, aid is provided for (i) early retirement, (ii) set-up of young farmers, (iii)
reafforestation of agricultural land, (iv) compensatory payments for mountainous and other less-
favoured areas, (v) agri-environmental programs, (vi) vocational training, (vii) improving processing
and marketing of agricultural products, and (viii) investment in agricultural holdings (EC, 2004a).



partial or full removal of aid in the event of deviation from certain farming standards
(EC, 1999). Finally, dyvnamic modulation involves the transfer of funds released from
the compulsory reduction of market policy payments to rural development measures
contributing to environmentally benign practices. The reforms were strengthened by
the 2003 or Mid-term review CAP reform, which introduced a single payment scheme
based on direct payments received during the period 2000-2002 and the hectares
entitled for those payments, as well as redefining the cross-compliance principle to
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make it dependent on the detected noncompliance type (EC, 2004b).’

Agenda 2000 is known as the "Green CAP" because of the belief that it brings greater
quality to environmental integration. However, the theoretical analysis of this regime
has been rather limited and its environmental impacts have not yet been fully assessed
to justify such a characterization. Hence, the intention of this section is to assess the
impact of the various pillar I and pillar II policy instruments, as foreseen by the 1999
CAP reform, on the environmental performance of a homogeneous population of
farmers defined in terms of equilibrium production choices of a representative farmer.
Moreover, it aims at evaluating the effectiveness of the given CAP reform to stimulate
compliance of an entire population of either unboundedly or boundedly rational
farmers with a socially desirable environmental target. This is achieved by
considering the mechanism that provides the type of the CAP instruments, along with
the type of interdependence characterizing them which guarantees the achievement of

such a target.'”’

To do so a conceptual, theoretical framework describing farming behaviour under the
Agenda 2000 provisions is developed, by considering a homogeneous population of
farmers where each farmer is eligible for a production subsidy and two types of direct
payments provided for alternative land treatments: (i) cultivation and (ii) set-aside.

The given financial provisions are granted to each European farmer through a public

"““Particularly, if a farmer fails to comply with standards due to negligence, then the reduction of

payments varies between 5% and 15%, while payments are reduced by at least 20% and may also be
completely withdrawn in the event of deliberate noncompliance.

" Under unbounded rationality agents adopt an optimizing behavioural rule and behave as if they had

all the necessary data and skills to calculate the optimum response (Binmore, 1992), while under
bounded rationality agents have imperfect information about payoffs, they are unable to compute the
optimal strategy and choose between predetermined strategies (Noailly et al., 2003).



“'in the form of a formal contract between the entitled farmer

voluntary program,
and the Commission. Given the attainment costs of environmental requirements
incorporated in direct payments, two strategies are considered: compliance with and
deviation from farming standards. A deviating strategy can be detected via random
inspections,'” given the non-point-source characteristics of agricultural pollution, and

deterred via the enforcement of the cross-compliance principle.

Given the generalized nature of the provided farm model, the different CAP regimes
associated with common market organizations are reproduced under the proper
simplifying assumptions, allowing comparisons between regimes in terms of farmers’
equilibrium production choices, independent of the rationality assumptions. The
examined CAP regimes associated with CMOs are: (i) full coupling regime that
involves only production subsidies independent of environmental requirements, (ii)
partial decoupling regime, involving coupled and decoupled payments, and (iii) fu//
decoupling regime, that provides only direct payments. The unregulated regime,
providing neither coupled nor decoupled payments, is employed as a benchmark
regime. To assess whether and how production choices are altered by the introduction
of farming standards and the cross-compliance principle, the partially and fully
decoupled regimes are examined under the absence and presence of such
considerations. Likewise the compliant and deviating strategy is compared in terms of

equilibrium input and land usage values.

To examine the Commission's perception that rural development measures enhance
further the "green" character of Agenda 2000, it is considered that the land quality
target is attained either by restricting main production choices (inputs, land and
labour) or by treating them in an environmentally benign way through secondary
production choices (treatments on input usage etc.). Such treatments can either be
self-financed fully or partially through an RD program - that is actually a public
voluntary program - providing a set of subsidies per unit of established treatments
subject to farming standards and the cross-compliance principle. The extended farm

model is employed to examine the environmental performance of farmers' population

! For further details about the elements of the particular voluntary programs, see EC (2004b; 2007) or

visit the official site of the European Commission: www.europa.eu/pol/agr/index en.htm
""’The simultaneous inspection of the entire population of farmers within a given geographical region is
a technically very demanding task and potentially prohibitively costly.



when CAP regimes are extended with Pillar II payments (i.e. extended full coupling,
partial and full decoupling regime).

The problem of optimal regulation is also discussed. This problem provides the
socially optimal CAP instruments associated with common markets organizations, by
comparing the optimality conditions of the regulator and a representative
unboundedly rational non-complying farmer in a static and dynamic context. Given
that in our setup the number of instruments is higher than the number of externalities,
optimal instruments are defined for fixed values of the remaining CAP instruments.
The type of interdependence between the various CAP instruments and the optimal
instrument, as well as the conditions under which a given CAP regime is optimal, are
also provided. After defining the dynamic socially optimum CAP instruments, the
effectiveness of Agenda 2000 is assessed in the context of boundedly rational agents
which behave under evolutionary imitation dynamics. The replicator dynamics
framework is employed to define: (i) the selection mechanism of optimal CAP
instruments and thus examine whether the current structure of the reformed CAP can
induce the majority, or even all, of the population of farmers to adopt a complying
strategy, and (i1) the type and the range of values of the various CAP instruments that
render feasible the attainment of such a target. Finally, the policy effectiveness of
Agenda 2000 is further assessed when extended with RD payments by evaluating the

type of static and dynamic socially optimal Pillar I CAP measures.

The perception that CAP, as shaped by Agenda 2000, achieves the integration of
environmental considerations into individual and thus collective farming behaviour is
not supported strongly by the results of our analysis. Comparative static analysis
shows that even though the reduction of coupled payments and the incorporation of
environmental constraints induce the population of potentially deviating farmers to
restrict production choices, the final impact of direct payments and the compliance
enforcement mechanism on these choices is ambiguous. The comparison of strategies
also indicated that direct payments and the compliance enforcement mechanism may
not be sufficient to induce deviating farmers to alter their production choices and

adopt a strategy approaching (or even matching with) the compliant strategy.



Nonintervention is preferable on environmental grounds to intervention via
production subsidies, justifying the wide criticism of coupled payments. However, the
environmental performance of the regulated farmers under the Agenda 2000 regimes
(partial or full decoupling) can not be clearly shown to be superior to the performance
resulting under the unregulated and full coupling regime both under the compliant and
non-compliant strategy. Even though both the partial and full decoupling regimes
involve less input usage, there is uncertainty about their relative impact on the set-
aside decision of farmers’ population given that direct payments are provided on
conflicting land usages. The fully decoupled regime is environmentally superior in
terms of both production choices (i.e. input and land usage) to the regime involving
both coupled and decoupled payments, justifying the Commission's decision to
proceed with the full cancellation of coupled payments. However, the relative
environmental performance of the regulated population under these intervention
regimes becomes ambiguous when examined in terms of both main and secondary
production choices. The prospect that the transition from the partial and full
decoupling regime to the rural development regime may forestall the further
deterioration of the agricultural environment and proceed further in the reconstruction
of the quality of the agricultural landscape, as indicated by the Mid-term review, is

not verifiable by our theoretical model.

The environmental performance of the population of farmers under the partially and
fully decoupled regimes can be further enhanced by the incorporation of
environmental considerations and rural development payments, justifying the
Commission's decision to embody pillar II in CAP. The assessed static and dynamic
socially optimum CAP measures associated with common markets organizations and
rural development indicated that it may be socially desirable to maintain coupled
payments and extend the compliance enforcement mechanism with a set of charges on
crop yields, land-usage, set-aside-land and / or secondary production choices. Given
the current structure of CAP, such measures are not foreseen and both Agenda 2000

and the Mid-term review can be regarded as ex-ante suboptimal.



II.1 Assessment of Environmental Impacts

The structure of farming activity under the provisions of the generalized CAP regime
involving both the first and second pillar elements is modelled, where independent of
the considered degree of rationality the impacts of the different type of CAP measures
in the decision making - and thus on the environmental performance - of a
homogeneous population of farmers are discussed through the problem of a

representative farmer.

1. The Farm Model under the CAP Regime

associated with Common Markets Organizations

Consider a farmer i producing a single crop and possessing L. gross land that is

decomposed into:
L=(-6)L,+b/L

where (1 -bf ) is the fraction of gross land used for cultivation and b the remaining

fraction voluntarily set aside (non-production case). For simplicity let (1 -bf )Zl =L

Crop yields are given by:

yi= L) (1)
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where x; is the vector of input choices among a set of j=1,...,m inputs.

Farming activity i is associated with unintended generation of emission flows (e.g.

nitrates leaching):

e, =e(x;,L)) (2)

i

that is positively correlated to production.'””

PItholds £, f e >0and f,, f,c,c <0,indicating that crop yields are increasing both in input and
land usage, whilst display diminishing returns in both x and L°. It is considered that x ; and L° are
complements, in the sense that f,,c >0, a fact that involves that the marginal product of x is

increasing to increases of L . Alternatively be <0 and fbpbp >0.



In the absence of regulatory intervention the payoff function is:

T, :Pf(xijﬂL?)_ijij

where P is the output price and w; the vector of input prices in the competitive

market respectively.'””

Under Agenda 2000 the given crop is eligible both for a production subsidy (s) and
two types of direct aid payments (DPS) coupled with the alternative and conflicting

land usages, distinguished into:
e A direct payment DF, granted on the basis of cultivated land
L : DR =0l =c,1-b")L,
where o, is the premium provided per hectare of cultivated land.
e A direct payment DP, granted on the basis of set-aside land
(Zz _Lf) : DP, = GZ(Z_’i _ch')z o,b"L,

where o, is the premium granted per hectare of set-aside land and (Zl —Lf.) the
size of voluntarily set-aside land. The Commission has defined a certain fraction

of land to be compulsory set-aside (bR). Hence, farmers setting-aside more land

are not eligible for a premium for the additional range (biF —-b* ) e

Based on the horizontal regulation, direct payments are conditional on environmental

requirements:

e DRF is subject to an individual land quality standard, assumed to be expressed

by the following constraint:

Ql.(el,ez,...,en)ZQ. 3)

41t holds e.,e.. >0 and e.,e .. >0, with e

2€c w2 €rey >0 given that X, and L° are treated as

xI€

complements. Alternatively e, < 0and e, >0.

b'b
""Land is not included in the vector since it is owned by the farmer.

""“The additional range can be eligible for a DP through an RD program, providing compensation for
the afforestation of agricultural land (EC, 2004a).
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where Q, is a decreasing function of emissions’ flows, "' indicating the possibility

of strategic interactions among farmers within a geographical area. A typical
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example of such interaction is the upstream and downstream farmer.

e DP, is conditional to a land usage constraint:
b* 2bR or LS <L (4)

where the constraint constant L¢ = (1—b% )L, represents the maximum permissible

size of cultivated land.

Incentives not to attain environmental requirements arise from the non-point-source
character of agricultural pollution. The fact that individual production choices are not
directly observed by a third party (i.e. regulator) allows individual farmers to retain
production choices unchanged and thus avert profit losses that compliance with (3)

and (4) entails.'”’

Such a deviation from given performance standards cannot always
be attributed to deliberate actions but rather sometimes to farmers' negligence to
comply. In any case deliberate and negligent deviating behaviour can be detected via
the realization of a number of random inspections, given the regulator's inability to

inspect simultaneously the entire population of farmers receiving direct payments.

Such a deviating behaviour can be detected under a certain probability p and further

deterred via the principle of cross-compliance, which involves reduction or even

cancellation of provided direct payments by the amounts:
DFy(Q, - Q,) and DPy(L; - L)

where y € [0,1] denotes the reduction rate. The final reduction of DPs is proportional

to deviations from the constraint constant. Hence the higher the deviation is, the more

"7 Given that 0,.0,, <0 it holds that Q,,0,c <0 and Q,.,0,c,c <0, with O >0.
Alternatively, pr >0 and QbeF <0.

""*Note that in an area characterised by a steep slope the land quality valuation of a farmer located on

the top of a hill cannot be adversely affected by the emission flows of a farmer located at the bottom.

"""The attainment of the land quality target requires the restricted use of inputs X, and / or of

cultivated land L°, resulting in a reduction in crop yields. Similarly, the attainment of the land usage
target imposes restrictions on the size of cultivated land, also involving reduction in crop yields.



evident deliberate noncompliance, justifying the higher reduction of DPs as foreseen

by the 2003 CAP reform.

2. Behavioural Strategies under the CAP Regime

Under a CAP regime involving performance standards and a compliance enforcement
mechanism, two behavioural rules can be distinguished, depending on farmers'
attitude towards environmental constraints. If constraints (3) and (4) enter farmer i's
profit maximization problem, then the compliant strategy is considered, while if the
constraints do not enter the problem, the possibility of noncompliance with

environmental standards is considered and the deviating strategy occurs.
The two maximization problems are:”"’
e Compliant Strategy.

1

max z{ = P(l+s)f(x,;,L])-wW X, + 0L +O'2(l_,,. —L‘.’) (5)
x,bF

subject to
L <I*
0.(e,e,,....,e,) 20,

e Deviating Strategy.

max 7 = P(1+)/(x,.L) =W x, +o L= p/0, -0)) (©)
so (I - - py(Ee - 1)

where {l— p}/(Q. -0, )} and {1 - py(L; —Z”)} represent the net percentage of direct

payments provided after the detection of deviation from the imposed constraints and

the enforcement of cross-compliance principle.

“"In the absence of farming standards there is no distinction between compliant and deviating farmer.

The maximization problem reduces into: max ,. 7, = P(1+s)f(x;,L])—w x; + DR + DP, ,

i/'?
where Pillar 1 payments (S,Gl,O'z) , environmental considerations (Q,L”) and the compliance

enforcement mechanism ( D, 7/) are considered to be uniform for every farmer.



The generalized nature of the described CAP regime™' allows the definition of the
different CAP regimes via the proper simplifying assumptions. Hence, the

environmental performance of the homogeneous population of farmers can be

examined in terms of set-aside decision (biF ) and inputs usage (xy) through the

problem of a representative farmer i. The analyzed CAP regimes are:

o Unregulated competitive regime: s =0 and o,,0, =0. It is the prior-CAP regime

or a CAP regime characterized by nonprovision of Pillar I payments.

o [Full coupling regime: s >0 and o,,0, =0. It is the old regime providing coupled

payments independent of farming standards.

e Partial decoupled regime: s >0 and o,,0, > 0. It is the current regime involving

both coupled and decoupled payments, the performance of which is examined
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under:
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o Absence of land quality and land usage constraints.
o Existence of land quality and land usage constraints.

to verify the perception that the link of decoupled payments with environmental

constraints restrains farmers' production choices.

o [Full decoupled regime: s=0 and o,,0,>0. It is the forthcoming regime,
involving complete cancellation of coupled payments and provision only of direct
payments. " Its performance is examined both under the (a) absence and (b)
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existence of farming standards.

20

't is the regime of partial decoupling denoted below by the indication (3b).

“"’Limited production aid and a supplementary per hectare aid is foreseen for some crop types such as

rice, nuts and some protein crops (EC, 2004a).
““When examing the performance of the given CAP regime under the deviating rule, the subcase a) is
analogous to examining the case of nonenforcement of environmental standards in the sense either that

no farmer is inspected (i.e. p= 0) , or if inspected and found to be deviating from given standards, then

no reduction of DPs occurs (i.e. V= 0).

“""This regime already applies for cereals, oilseeds, protein crops, grain legumes, potatoes for starch
production, beef, veal and sheepmeat (EC, 2004a).

“The Mid-term CAP regime is identical to the full decoupling regime since it involves the provision
of DP, and a single farm payment that is a fixed amount given that it depends on direct payments



2.1 The Maximization Problem under the Compliant Strategy

Given the production choices of the other farmers, farmer i considers, given the

choices of the rest farmers, the problem (5) and maximizes the Langrangean function:
L(x,.b" 4, 4) = P(1+5) f (x,. L) - W X, +0,L; + 0, (L, - L; )
+4[0(.emne) =0, |+ A L~ L ]

The Kuhn-Tucker necessary conditions of the problem are given by:

FOC, : P(1+5)

of (x, L, Oe,\x ., o *
%—mw o e(/ )=01fxl.j>0(7)

Xij i ii

OL(x}. b0, s o)

or 0 ifx;:0
ox;;
FOC,, : 2y~ 2 2 00, 2¢,0) _ p(y 4 920 5o, =0 if 5750 ®)
Oe; OL; OL;
x;,b,
or (U : 2122)<0 if b =0
ob"

FOC, : Q.(¢,,,...,,)— 0, =0 if 2,>0

orQ.(e,,e,,...e,)—0, >0 if 1, =0
FOC, :L°-L,=0 if1,>0
or L=, >0 if 1, =0

By the Envelop Theorem the Langrangean multipliers A, and A, express the marginal
cost and benefit resulting from a change in the land quality and usage constraint

constant, Q and L° respectively.

Conditions (7) and (8) provide the Nash equilibrium input usage x; and set-aside bk

values under the compliant behavioural rule, assuming that such a Nash equilibrium
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exists, as: ™

received during the period 2000-2002 and the number of hectares eligible for those payments, leaving
thus the analysis unaffected.

206 . .. . . .
The sufficient conditions for maximum are considered to be satisfied.



x;(P,w,,s,0,,0,)and b/ (P,W ,,5,0,,0,)

According to condition (7) farmer i applies input x, up to the point where the

marginal revenues from production equate with the marginal costs from the purchase

.. . . . 00, O
of the j input and the nonattainment of the land quality constraint (%a—i /”tlj. In

the same context condition (8) equates marginal revenues in terms of set-aside

premium, shadow savings due to compliance with the land quality and the set-aside

; 0Q. oe,
constraint constants, (— /11 a_gf 8;

+/12j , with marginal costs in terms of foregone
market revenues and foregone land usage premium.

Comparative static analysis indicated that changes in the value of provided CAP

payments leave unaffected the optimum production choices (x;,Lj*) if constraints (3)

and (4) are binding. On the other hand, if constraints are nonbinding then the optimum
production choices of the population of compliant farmers are affected by marginal

changes in the magnitude of coupled and decoupled direct premiums. Particularly:

Proposition 1: The environmental performance of the population of compliant
farmers is enhanced if the CAP regime is characterised by (i) a reduced production
subsidy, (ii) reduced land-usage payments, and (iii) an increased land-aside direct
premium, facts that restrict the optimum production choices under the compliant

Strategy.

Indeed the gradual reduction of both production subsidies and land usage direct
payments is foreseen by the current structure of CAP via the principle of dynamic
modulation. However, the same principle also involves gradual reduction of set-aside
direct payments, introducing uncertainty about the final impact of the current structure
of CAP on the environmental performance of the representative compliant farmer and

thus on the performance of the associated population.

2.2 Profit Maximization under the Deviating Behaviour

Under the deviating strategy the Kuhn-Tucker conditions are:



of (x*,L¢ Bet
FocC, :P(1+S)M—wj+achpy£ai=0 if x>0 (9)
ij axij : axij A
NC
oraﬁi <0 ifx;=0
ax,j '
o _ 00, de’
FOC, , : —-P(+s)—— 1- e L) P Rt By 10
=P al{ p{(QI 0 -5 (10)
o, l-py(Z - I°)-2(L, - 1 )= 0 if b} >0
o ¢ ,
or—-—<0 ifbl, =0

Given the actions of the other farmers, the Nash equilibrium input usage xj and set-

aside b/, values under the deviating behavioural rule, as provided by conditions (9)

and (10), are given by: "’
X} (P,w,,s,0,,0,,7,b%,0,,p)and b] (P,w ;,s,0,,0,,7,b",0,, p)

According to condition (9) inputs are applied up to the point where marginal revenues
from production equal the marginal costs from input purchase and the reduction of

DP, due to both detection of deviation from the land quality constraint and

enforcement of the cross-compliance principle. Similarly condition (10) defines the
set-aside fraction that equates marginal revenues from nonproduction and enhanced

land  quality defined as the preserved amount of DPF  payment

(0'1 p}/[(@ —QJ—%%L?D, with marginal costs in terms of foregone market

revenues and land usage premium. The last term can either reflect a marginal cost or

revenue depending on the relative size of the voluntary (Zl —Lf.) and compulsory set-

aside land (Z, —Z“).

Comparative statics analysis indicated that the final impact of the current structure of

CAP on the environmental performance of the population of deviating farmers is

"t is assumed that the second-order sufficient conditions are satisfied.



#

,.j,b,.’;) of the various

ambiguous due to the opposing impact on production choices (x

measures of the Agenda 2000 CAP reform. Even though a reduced production
subsidy, along with increased constraint constants h® and Q, , restricts the

equilibrium production choices under the deviating strategy,””” the impact of direct

premiums (o,,5,) and the compliance enforcement mechanism (p,y) is ambiguous.

Hence:

Proposition 2: The environmental behaviour of the population of deviating farmers is

enhanced if the structure of CAP is characterised by:

1) An increased land set-aside premium and a stringent compliance enforcement
mechanism if the condition (L - L;)Z ((L - L »/ 2) holds.

1) An invariant land set-aside premium and compliance enforcement mechanism if
the condition (L - L;)< ((L —L ))/ 2) holds.

ii1) An invariant land-usage premium independent of the relative magnitude of

(Zl —L?#) and (l: —le).

If the inspections to verify compliance with environmental standards »* and Q, are
realized by independent regulatory bodies, then both the inspection probability p and
the cross-compliance reduction rate y may be differentiated across the direct
payments of CAP, DF, and DP, . In such a case a strict enforcement mechanism

(pl,;/l) associated with the land quality direct payment (DPl) stimulates reduced

input and land usage, while in the case of the land usage direct payment (DPZ) the

“"Under the assumption that F s <0 the results of comparative static analysis are summarized in:

s 01| O y bR O/ p
xf;. +?2 -0 -0 - - -0

BEI—2 +(M) +() + + +(

where the impact of (0'2, 7, p) on production choices is clearly assessed if (Z —LC#)Z ((Z —I¢ ))/ 2),
while if (Z - L;)< ((Z ~I¢ ))/ 2) then their impact is uncertain as indicated by the question marks (?) in
the parentheses.



relative impact of (pz,yz) remains dependent on the relative magnitude of the

voluntarily and mandatorily set-aside land.

3. Assessment of CAP Regimes associated with CMOs

and Behavioural Strategies

Consider two CAP regimes, given as g and /4, that involve different types of
payments. To compare the equilibrium production choices (xig,bl?;) of regime & with
the profit maximizing choices (xih,bl:,’:) of regime /4, the optimality conditions 7?

and 7}, of the initial regime are evaluated at the equilibrium choices of the latter. The
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€Xpressions arc:
74(x,,bl) and 7% (x,,b))
X ih>~ih b/ ih>~ih

If both expressions are zero then the compared CAP regimes involve the same
production choices and thus are identical in environmental terms, while if the
expressions are nonzero then deviation in the equilibrium production choices, and
thus in the environmental performance, of the regulated population occurs. The

performance of the population of farmers under regime g is environmentally inferior

to that of regime /4, in the sense of higher input usage (Xig > xl.h) and less land-set-
aside (b <b]) i
¥ (x,,b5) >0 and 7}, (x,,,b)) <0

while in the opposite case its performance is environmentally superior. mechanism
operates in the following way. Assume that under each CAP regime the optimality

conditions yield a unique solution that is defined as:*'’

(%.5/): 7.(%.5/)=0 and 7, (%,,5/) =0

Mt holds 7" (x,,,b4), 7y (X, ,b}) =0 due to first-order conditions.

This involves that both optimality conditions have a global maximum at X, and I;L:’ ~ respectively, and
they can be both illustrated by an inverse “U” curve.



implying that the farmer i uses both x; and L up to the point that marginal costs are

equated with marginal revenues ( ie. MC(X.,b' )= MR(X.,b’ )) :

When optimality conditions are evaluated at another pair of production choices, in the
sense that (xi,bl.f ) # (ii,l;l.f ), then there 1s a divergence between marginal costs and
revenues, a fact that involves nonattainment of maximum payoffs. Therefore, if the
optimality condition with respect to input usage of regime g is evaluated at the
production choices of regime % and yields 7%(x,,b})>0, this implies that the

profits are increasing at the production choices of regime # and therefore these values

do not yield the maximum profits. Marginal revenues exceed marginal costs
(i.e. MC¥ (xih,blz,f )< MR# (x[h,b,:’; )) , Indicating that there is room for a further
increase of input usage. The given production choice under regime /4 falls behind the
profit maximizing production choice, in the sense that x,, <X, . Hence, regime g is

considered to be environmentally inferior for the given production choice. On the

other hand, if 7%(x,,,b})<0 then profits are decreasing at the production choices of

regime h and therefore this regime is characterized by excess input use.

Findings are summarized in the following table.”"'

AX§ = (vg —x4) AGNE = (b= b})
d\" 12 13,13, 444, 2 13, 3, |44,
- - 2?2 0 + + ? 27 ?
2 0O + + + ? ? 7 ?
34 + + 4+ -7 - -
3, ? o+ ? -
4, + -

(1) unregulated competitive regime (UN), (2) full coupling regime (FC), (3) partial

decoupled regime (PD) under the absence (3a) and presence (3b) of land quality and

Analysis is carried out both under the compliant and deviating strategy, providing the same results
i

regarding input usage (Ax;) Only in two cases in the (A(bf ) j) table is the indication modified under

the deviating strategy denoted in parentheses.
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usage constraints, (4) full decoupled regime (FD) under the (4a) absence and (4b)

. . . . 212
existence of environmental considerations.

Nonintervention (UN) is preferable on environmental grounds to intervention via
coupled payments (FC), since it can be verified that the population of farmers is

induced to employ both less inputs and land:”"

ox ox ox

7 (3,051 = {_ P+ LOL: )}+ P I _p g

oL; L
Even though the FC regime is clearly environmentally inferior compared to the rest of
the CAP regimes in terms of input usage, the relative performance of the population

of both compliant and deviating farmers in set-aside terms is ambiguous. Hence:

Conclusion 1: There is no clear evidence that the transition from the FC regime to
the regime of partially or fully decoupled payments (i.e. Agenda 2000 regimes) can
induce the population of regulated farmers to enhance their environmental
performance compared to the old regime with respect to the land set-aside decision,
whilst there is evidence that the transition has led to an environmentally superior

performance of farmers with respect to the input usage.
In the same context:

Conclusion 2: Intervention via decoupled payments (FD) is environmentally
preferable in terms of both inputs and set-aside to intervention via a combination of
coupled and decoupled payments (PD), under both the absence and presence of
farming standards, indicating the distorting role of production subsidies on farmers’

production choices.

““Indication (-) in the Ax; table implies that regime / involves higher input usage, while the same

indication in the A(bf )f table denotes that regime /1 sets aside more land. Indication (0) denotes that

the examined regimes involve the same level of the given production choice, while (?) that their
relative performance is uncertain.

1 Where 72(x5, L) = P(1+5) £ (63, L )= w=0 and 72(x}, L) =—P(1+5)f =0
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The incorporation of such standards within the direct payment regime has enhanced
the environmental performance of the population of compliant farmers under both the
PD and FD regimes, while there is uncertainty about their exact impact on the
production choices of the population of deviating farmers. Undoubtedly the provision
of DPs , as well as the introduction of farming constraints, restrain input usage
compared to the UN and FC regimes, however their final impact on the set-aside

decision is ambiguous given that DPs are associated with conflicting land usages.

The given procedure is further employed to compare the compliant and deviating
strategy by evaluating the optimality conditions of the representative deviating farmer

at the equilibrium values of the compliant strategy:

20, de,(x;,.L;.)

xf(xt,bl)y=10,L py— A 11

x( i i ) { 1 lpj/ 1}a€i axj ( )
. 7 — .\ 00, Oe; . 00, Oe;

ﬂ:F (ij’bi{ﬂ)z o\py (Q, -0, )_g_ A g_ (12)

i + 1
Oe, OL; Oe; OL;

— b —oypy|L - 1) -2(Z, - )|

As it can be seen by conditions (11) and (12), if the partial or full decoupling CAP
regime is characterized by non-enforcement of constraints, in the sense that either no
inspection is realized to verify compliance (i.e. p= O) or no detected deviating farmer
is penalized (i.e.yzo), then the deviating strategy is environmentally inferior. In

particular, if p or ¥ =0 it holds:

80, 06,(x). 3)
oOe, Ox .

! J

(1 l)iﬂf(x}b;fﬁ{—%

* #
}>O - X; <X;

a, o
Oe, OL

1 1

(12>:7rfF(x;;,b,i)={4 —12}<0 S b b

indicating that the deviating strategy involves higher usage of both inputs x, and land

L, . Such an environmentally inferior behaviour may also be observed even under the

existence of a compliance enforcement mechanism, indicating that the introduction of

such an enforcement mechanism by Agenda 2000 may not sufficient to induce the



adoption by the regulated population of a behaviour tending to the compliant rule. In

particular, if p,y are sufficiently small, in the sense that p,y > 0, then the deviating

strategy involves higher input and land usage if it simultaneously holds:

z! (X5

b)>0 — x;<x; if {o-lLf*py—A}<O
and,
ﬂ:,v(xz;,blz’:)<0 - bl:’:>bl:§ if:
) {20, ~4}>pr{e[(0-0)-0L.]-a[(L-L.)-2(L-L) ]|
and (Z—L;)<2(Zl.—i"), or
i) {40, — 4 -oupy|(L-1.)-2(L-L) |} > o[ (0-0))-0; 1. ]
and (Zi—Lj*)22(Zi—l~f).

where Q. =(00,/ 6ei)(ae:‘ / GLf).
Hence, it can be concluded that:

Conclusion 3: In the absence of the cross-compliance mechanism or even under the
existence of a lax enforcement mechanism, the relationship between the production
choices of the compliant and deviation farmer are characterized by:

*

A ; * #
-0 ) >0 with x; <xj; and

7 (x

7, (x;,bL) <0 withb > b, if pory>0
where p,y are sufficiently small if considered to be nonzero.*"*

Under the generalized CAP regime the signs of (11) and (12) are uncertain, implying
that in equilibrium the deviating strategy may involve less input and land usage to the
compliant rule. In particular, the deviating farmer applies less inputs compared to a
compliant farmer either if the land quality constraint (3) is nonbinding involving

A, =0, or if the marginal costs resulting from a marginal increase of input usage

defined in terms of forgone direct payment on land usage are higher than the

““"Moreover, the same inequalities are expected to occur either under the absence of a regime of direct
payment or under the existence of a lax regime of direct payments.



associated marginal benefits resulting from the nonattainment of the land quality

20,04, 00,2

. Similarly the deviating strate
e, OX; Oe, 8xj} Y s &

constraint (i.e. o, L.py

involves higher set-aside fraction if the associated cost-benefit analysis indicates that

a marginal decrease in the size of cultivated land stimulates higher marginal benefits

than costs. Nevertheless, analysis considers that x* < x” and L < L.

4. The Farm Model under the CAP Regime associated

with Rural Development

The function of crop yields (1) and emission flows (2) is redefined as:

v, = f(x;,L,0,) and e, = e,(x,, L, L — L, ()

i/' b
where /¢ represents either hired or family labour.

Given the environmental requirements incorporated in DF,, the population of farmers
complies with the land quality constraint O, by either restricting main production

choices (x Lj‘,ﬁi) or by treating them in an environmentally benign way via

[j b
secondary production choices that are disassociated by production but directly related

x nc ¢ 0
PN

with emission flows abatement. Let t, = (t ) be the vector of the secondary

production choices established by farmer i, which are distinguished into:

e Treatments of inputs (i.e. advanced irrigation) reduce the impact of inputs on

emission flows as i/ the farmer has employed fewer inputs in production. Given

Oe, . . . .
that —— > 0, the vector of effective input usage in emission generation is:

ax,.j

Oe.

X¢ = (1 -t )x“ with—— >0
y y y e
Oxl.j

where t; = (t" [ ) is the vector of undertaken treatments per unit of input

i12%i29 > %im

used.



o Treatments of cultivated land (i.e. contour farming, conservation tillage, terracing)
reduce emission flows as if the farmer had set less land into production. Given that

Oe,

OL®

> 0, the effective land usage in emission generation is:

c 1

= (1-)r with % 50
oL

c

o Treatments of land set-aside (i.e. non-fertilised grass strips, hedges, trees,

watercourses, ditches) make set-aside land more effective in emission abatement
i . . Oe, .
as if the farmer has set aside more land. Given that P <0, the effective set-

aside land in emission generation is:

Oe,

oL;,.

15, =(1+6")L - 1) with-=— <0

o Treatments of labour (i.e. vocational training, advisory services) affect the impact

of labour (¢) on both crop yields and emission flows. Let 5, be the effective

labour in crop yields generation and /¢ the effective labour in emission

generation, involving:

£ = Aty with 2o 0 and £5 = (1=¢')¢ with 2L > 0
’ PYa 5

y e

Even though ¢' is classified with secondary choices, it is a mixed production

choice affecting both crop yields and emission flows.
The production and emission functions are modified into:
Vi = SO L6 05) and e; = elx€, 18,150

Treatments involve costs that can either be self-financed fully (T c? ) or partially

(T C,-RD ) through a rural development ( RD;) program — in the form of a public VA -

involving the granting of subsidies per unit of undertaken treatment. The associated

costs are respectively given:



o _ X nc c !
TC; —rjtl.j+1<tl. +ety +dt

TCZ-RD =TC° — RD; :rj(l—sx)tg- +K(1—s”c)tl-”c +c(1—sc)tl-c +d(l—s£)t£

where r; is the vector of the per unit cost of the m input usage treatments and s the
associated per unit subsidy characterized by 1>s*>0,”"” x and s are the per unit
cost and subsidy of 7, ¢ and s¢ the per unit cost and subsidy of ¢/, while d and
s’ the per unit cost and subsidy of ¢’ in the competitive market. Finally,
RD; =r jsxtl’.;. + 5" sl + ds't! represents the amount of payments provided
by Pillar II to the representative farmer i .

RD payments are subject to both performance standards and the cross-compliance

principle, involving a probabilistic reduction (or even cancellation) of provided rural

development payments by the amount:

EDp}/(Q - Qz)

nc  nc
t

where RD =r st} +&5"t/" +cst¢ = RD—ds't' given that the aid for vocational

training is not conditional to the land quality constraint.
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Under a RD program the alternative maximization problems are:
e Compliant Strategy.

maxz_ = P(1+s)f(x,, L, (1+t))—wx—vl+0,L
+0,(L - 1°)~(rc’ - RD)
subject to
L <L
O.(e,,e,,....e,) > 0,

*""The provided s* is uniform for each ;; treatment.

“'“In the absence of farming standards in the provision of DPs and RD payments the maximization
problems reduce to:

7, = P(1+$) £ (x,, 5, (1+1")0) =W ,x,, — vl + DP, + DP, - (TC* = RD)



Given that the amount of undertaken vocational training is predetermined by the
Commission, training cannot be a choice variable. Thus ¢’ represents advice and

st =0.

e Deviating Strategy.

max 7" = P(1+5) f(x,,L,(1+t")0) —wx —v{ —TC°’ +ds't'
oz + Rolfi- pr(0, -0 1+ o (£ - Wi - pr(T - 1)}

Optimality conditions indicate that nonzero secondary production choices allow both

for increased usage of (X L, ¢, ) along with attainment of the land quality constraint.

i

Comparisons between the environmental performance of the regulated population
under the various CAP regimes in terms of main and secondary production choices
are conducted, where the set of examined regimes is enriched by: (i) extended full
coupling regime, involving the granting of both coupled and Pillar II payments, (ii)
extended partial decoupling regime characterised by coupled, decoupled and RD
payments, (iii) extended full decoupling regime that provides decoupled and RD
payments, and (v) rural development regime involving only rural development

1 217
subsidies.

In the extended case regime g is environmentally inferior to regime /%, in the sense
that it involves both higher usage of the main production choices

(i.e. (xi,Lfg,ﬁ‘f )>(xfj’.,Ljh,€? )) and less usage of secondary production choices

(i.e. (t;.g NN ) < (t;h JNCL Lt )) , if the following inequalities are simultaneously
satisfied:
ﬂf (qih 4 tih )9 ﬁfg (qih 4 tih) > O and 7Z.Zf (qih s tih) < O

7y ), (0 t), 70 (A0 85, 70 (4, £5,) < 0.

*""Findings are summarized in tables (1) - (4) available in Appendix II.



h
i

where for simplicity let q,, :(x th,ﬁf’) be the vector of main production choices

xh ZJZC tc t;é‘

under the regime 4 , while t, =(tij S ststy,

) is the vector of the associated
secondary production choices.

Analysis indicated that if CAP regimes associated with CMOs are extended with RD
payments, the environmental performance of the population of farmers is enhanced
relative to the case where no RD payments are provided. On the other hand, regimes
involving production subsidies involve higher labour usage treatment to regimes
providing either decoupled and / or Pillar II payments, since higher ¢‘ allows farmers
both to attain the land quality standard and increase the received amount of coupled

payments.

Despite the environmental benefits arising from the second pillar of CAP, there is no
clear evidence that the transition from the FC regime to the regime of partially or fully
decoupled payments (i.e. Agenda 2000 regimes), and ultimately to the rural
development CAP regime (i.e. 2003 CAP reform), enhances the environmental
performance of farmers’ population. In particular, when evaluating the optimality
conditions of the initial CAP regime (i.e. full coupling) at the equilibrium production

choices of the rural development regime, there is clear evidence that it involves higher
usage of the main production choices, in the sense that q >qy, , since it

simultaneously holds:

M

2% gk afi aQi 86; ix
7, (Qg» b, _{Psa_aﬁ_eia_x(l_tgb) >0

o | e ool o\ e .
ﬂ-b/ (qu’tSb _{_PS aLlc_'_l‘ aei |:6Lf (l_tSb)_ﬁLe (1+t8[’):|}<0

2o in i Y aei* /
7, (A :{_Agﬁ(l_tgb)}>o

On the other hand, their relative environmental performance in terms of secondary

production choices is ambiguous. Even though the RD regime involves higher usage



xh I’lCc
t

of the secondary production choices (tu St sty

) its relative performance in terms of

t is uncertain. It can be easily verified:

. 00, oe.
7 > (qy,,th {—rs +/La—§’§’ex}<0
. 00, Oe;, .
7T o (ng: _{CS -4 aQ ﬁLeL} <0

nc 8 i ae,* T c
72 Q8 {KS —&a—ga?(L—L)}<0

00, 86
Oe, 8

G { o i } <0 ifPs af/ /LZS 2;

Hence, on the whole the environmental performance under the RD regime cannot be
clearly inferred as superior to the relative environmental performance under the FC
regime. In a similar way is assessed the relative environmental performance of the full
coupling regime compared to the partially and fully decoupled CAP regime, providing
identical results. Finally, even in the absence of an enforcement mechanism or the

presence of a lax mechanism, the environmental performance of the deviating to the
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compliant strategy is uncertain.

I1.2  Design of Optimal Policies

After assessing the relative environmental effectiveness of the various CAP
subregimes, the design of optimal regulatory policies is discussed in this section. In
the analysis we use the alternative analytical framework of unbounded and bounded
rationality by considering the mechanism that provides the type of the optimal CAP
instruments that ensure the collective attainment of a social environmental target,

along with the type of interdependence characterizing them.

1. Assessment of Optimal Static CAP Measures

" The deviating rule involves less t' , higher usage (X,,a]f 4 1) , while its performance in

(tjj‘ ,tf ’tlnc) terms is uncertain.



associated with Common Markets Organizations

Individual emission flows affect aggregate land quality (QT) defined as:

0" =H(0,0,,-.0,)

where deviations from an aggregate land quality reference level O impose external

costs on the society:
D" -0")

The social planner or a regulator wishes to define the vectors of production choices

(iSP ,Bg,;) that maximize the net social benefit (NSB) from farming activity:”"’

max NSB = ma;;LZyF(u)du —wx-D(Z) (13)

x,b x, b’

where y=%7", f (Xl-j,Lf) is aggregate crop yields, F'(u) aggregate demand, while

n m

w x is the aggregate purchase costs of the m inputs (i.e.z 1“’1}"@/)' For

=] L j=

simplicity let Z=(Q7 -Q").”*
The associated Kuhn-Tucker conditions are:””’

ﬁf(XU,Lf) _W+8_DaQT an ael(XU,Lf)
Oox, 0Z 0Q, Oe, ox,

1 l

FOCS* . P =0if x>0 (14)

ONSB

<0 ifx’F =0
Gxi

or

Paf(xi,-,Lf-) 3D 0Q" 8Q, de,(x;,L;)

~0 if b, >0 Is
oL oz 00, oe, oL o e )

FOC;} : -

et X7 :(xf”,xg”,...,xs”) and b/, =(b£,b§ﬁ,...,b£ﬁ) be the vectors of the socially optimal

n

input and set-aside choices respectively of each i =1,2,...,n farmer.
Itholds D,,D,, >0, or equivalently D, < 0 and Dyrpr > 0.

21t is assumed that the second-order-conditions are satisfied.



ONSB_ iept 0
ob/

. isp =

defining the socially optimal production choices for the representative farmer i,

which when adopted by the entire population of farmers would result into the first-
best aggregate land quality Osp . Condition (15) is assumed to have an interior

solution for the socially optimum set-aside decision (i.e. b, >O). If the marginal

productivity of land is too high or if its marginal social damage is too low, the socially

optimum b, is on the boundaries (z’.e. -

<0andb{, = Oj and any increase in set-

aside land reduces social welfare given the land usage constraint involved by Agenda

2000. To avoid, however, complexities it is assumed that bg,; is nonzero, as well as

that compliant farmers’ production choices match with socially optimum choices.””

1.1 Optimal Static CAP Measures associated with CMOs

Under unbounded rationality for the farmers the optimality conditions of the social
planner and the representative deviating farmer define a system that provides both the
type of CAP measures, as well as the type of correlation between Agenda 2000

measures, which induce the population of deviating farmers to adopt the socially
optimal choices (fo ,bsfp).The system is given as:”
P(+s)a! +o,LipyB = Pa’ +6, (16)

afP[O'Z{l—p]/B}—O'l{l—py/A}]Z—(1+s)a§52 (17)

It is assumed that 7 (X;?P,b‘sfp),ﬂ;,- x5, b{,)=0.

Plet o a5t B, BsF and af ,af, B, By represent the impact of the social and individual
optimum production choices on crop yields and individual land quality respectively, while J,,9,

denote the impact of social optimum choices on social damage. We define: a;” = £, a5’ = f, L‘EP

and S =07, B =07, af =f], af =/} and B =07, B =0} . as well as

0, = DfP and 0, = DLS;D , which at the equilibrium are known and thus treated as parameters. Also,

4=0,-07)-prs,) and B={i- py(2(L, - 15,) - (T, - I°))}.



where condition (16) is defined by setting equal the optimality condition (9) of the

unbounded rational deviating farmer and regulator’s optimality condition (14),”"

225

while condition (17) resulted from the equalization of the conditions (15) and (10).

To simplify the analysis production choices are restricted into a single input (x) and

the set-aside decision. There is however an indeterminacy in the definition of optimal
CAP measures. A unique determination of CAP instruments requires an equal number
of production choices and measures. In this case CAP measures are more than
externalities. For instance the optimum coupled payments and land usage premium

are defined for fixed values of the rest of the CAP measures as:

1 _
§= 4 [P(alsp _al#)+5l _01L2p7ﬂ1#] (18)
Pa|
S P #
5, = {afpaz {1- pyB}+ a;*az(n iyt % - % ]} (19)
1 1

1

a#
{afp {1- pyd}+ P—O}@Limﬂf}

227

The sign of both expressions is uncertain, implying that the simultaneous

cancellation of coupled payments and DPF, payment, which means s =05, =0, is
socially optimal if both nominators are equal to zero. In particular:

Proposition 3: The optimum CAP regime involves gradual cancellation of coupled
payments:

- = - (,,sP # ! P #\_ = re #\ 7 ,
1) If under (051 2, ) the marginal revenues (P((Jt1 - )—O'IL#p}/ﬂ1 )f/ om the

adoption of the social optimum input usage value defined in terms of additional

" To do so, both conditions are restructured as, (9): w=P(+s)a +oL,pyB’ and
(14):w=Pa’” +,.

“To do so, both conditions are rewritten as, (10): P=[o-2 {1-pyB}-o, {l—pyA}]/{(l+s)af} and
(15): P=(=8,)/a;" respectively.

Llet o = fx(xjp ,Lg,,) and af = fx(x;‘,L;) represent the impact of the social and individual

optimum production choices on crop yields.

227 . . o, . . . . .
In both expressions the denominators are positive, while the sign of the nominators is uncertain.
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market revenues and retained land usage direct payments equal the marginal

costs of incurred social damage (8,), or

ii) If under (a'ISP <af ) the marginal revenues (— oL pyﬂl#) in terms of the retained
land usage direct payment equal the marginal cost(P(aISP —af )+ 51) in terms of

foregone market revenues and incurred social damage.

Hence, if both (18) and (19) are zero, the optimum CAP regime is characterised by
nonintervention if no set-aside premium is provided (02 =O), while if o, #0 it
involves only set-aside premiums. On the other hand, if both (18) and (19) are

nonzero, then depending on the sign of the nominators:

Proposition 4: The optimum CAP regime involves intervention via partially

decoupled measures of the form either of:

1) Premiums (5,51 > 0) both on crop yields and land usage if both nominators are
positive, or

1) Charges (E, o, < 0) both on crop yields and land usage if both nominators are
nonpositive.

In the latter case such kinds of penalties are not included in the current structure of

CAP, which implies the possibility of suboptimalities in the policy design relative to

the social optimum aggregate land quality target O " .

Farmers' production choices are affected by a marginal change of a given CAP
instrument, requiring optimal CAP instruments (E, 51) to be analogously modified.
The type of interdependencies between the optimal CAP pair (5, El) and the rest of
the instruments of the 1999 reform is assessed, by estimating the total derivatives of

(18) and (19) with respect to the remaining instruments: "

2% Where G=[0!2SP{1—p}/A}+%52L;P7/ﬁ1#J>O , H:aZS”o-zBG+[a5PA_ai 52Lj¢ﬁl#jR,
o, &

R=as" o, {l- pBl+af(1+ )6, + 6, (@ —af a3 /a))
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do, a3’ o,(1- pyB) g B _ 1 , do,
do, G do, Pal

do-l — _7H and£:L|:P(aISP _al#)_'_é‘l _}/ﬂl#(o_'l _dUlji|

dp G’ dp Pa/ dp
do, - az&l)PVZ ds L[ s # 4 do,
= Land = Pl —a] |+ 6, - !
db* G db¥  Pal | (@ ~ai}+ 8 - pr b
J— _ SP B J—
dzl, _ % 2[77R and d_§ _ 1 . P(CZ]SP _al#)+ 5 - p}/ﬂl# dzl,
in G in Pal L in

There is interdependence between the optimal coupled payment and land usage
premium, since the impact of a given CAP measure on 5 is affected by its prior

impact on o, . Optimal o, is negatively correlated to the land usage constraint
constant, while there is complementarity between the optimal pair (EI,E ) and the set-
aside premium if (Z, —Lj)z((fi ~I* ))2).229 However, the type of interdependence
between the optimal pair of CAP instruments and the remaining CAP measures
cannot be clearly inferred. This implies that the optimal CAP pair (51,5 ) may not
always be modified properly following changes of CAP measures such as the

enforcement mechanism (p, 7), leading to production choices that deviate from the

socially optimal choices (fo ,be;,).

Hence, to avoid having the regulated population of farmers adopt a suboptimal
environmental performance diverging from the aggregate land quality target O, the

social planner needs to:

Proposition 5: Precommit to the chosen structure of regulatory policy and offer
assurances to regulated agents that he will not change both the optimal CAP pair
(§ , 51) and the rest of the CAP elements for a given time period as long as there is no

technological change.

“The impact of b® on 5 is ambiguous. If (Z —Lc)<((l_, ~L¢ )/ 2)) the correlation between the

optimal pair and o, is uncertain. Such an uncertain context is also observed regarding the exact

impact of o,, O,

1

and p (or ¥ )onboth (51,5).



Such a CAP regime is characterised by “non-surprise” features in the sense that none

of the CAP measures is modified for a given time period.

The socially optimal (E, 52) and (E, }7) CAP pairs are respectively determined for
given values of the remaining CAP measures. In particular, the optimum land set-

aside premium &, is given by:

o, = {aZSPJl {l—p}/A} +ajs, (1+§)}/{afp (l—p;/B)}

The sign of the expression &, is uncertain,”’ implying that the provision of a set-

aside premium may not always be the socially optimal type of intervention. In

particular:

Proposition 6: The optimum CAP regime involves intervention on the basis of set-

asided land of the form of:
1) A premium (52 > 0) either if the denominator is positive or if the enforcement

mechanism of performance standards is insufficient or nonexistent

(p,y>0o0rp,y=0).
1) A charge (52 < O) if the denominator is nonpositive.

On the other hand, the optimal cross-compliance rate 7 resulting from the optimal

CAP pair (5,7) is defined as:”"

24

}7:{055P(01—0'2)+ai[§z(afp—af)+;§1§2}+af§z}/

. o,
{p {%SP (O'ZB - O'IA) +o,L, B8, P—;#

1

where the sign of the expression 7 is uncertain.”’” This implies that in the event of

detected non-compliance a proportional reduction of provided DPs (i.e. > 0) may

“"The nominator is positive, while the sign of the denominator is ambiguous.

*'The socially optimal inspection probability » can be equivalently assessed by replacing » by the
term p.
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not always be the socially optimal type of intervention. In particular, if the nominator
is equal to zero then no action should be undertaken to enforce the performance

standards since it is socially optimal to proceed in no reduction of provided direct

payments (i.e. y = O) , while if both the nominator and denominator are nonzero then:

Proposition 7: The optimum CAP regime involves intervention in the event of

detected non-compliance of the form of:

1) A proportional reduction of provided direct payments (}7>0) if both the
nominator and denominator are positive (or negative).

1) A proportional increase of provided direct payments (77 < O) if the nominator and

denominator have reverse signs.

Given, however, that measures like a charge on land set-aside (i.e. o, <O) and a

nonpositive cross-compliance rate (i.e. y < 0) , are not foreseen by Agenda 2000, the

current structure of CAP may not be able to induce the population of deviating
farmers to adopt the socially optimal choices (xfp ,b-SfP) and thus the attainment of the

social optimum aggregate land quality target is infeasible.

2. Assessment of CAP Regimes in a Dynamic Context

In a dynamic context the distinction between unbounded and bounded rationality is
more evident in the employed analytical framework. Under unbounded rationality the
dynamic problem of the social planner is considered to define the mechanism for the
design of the dynamic socially optimal CAP instruments, while under the assumption
of bounded rational farmers an evolutionary context is employed to assess the policy
effectiveness of Agenda 2000 by defining the type and range of values of CAP

measures inducing the majority or even all farmers to adopt the compliant strategy.

2.1 Optimal Dynamic CAP Measures associated with CMOs

**’The sign of both the nominator and denominator is uncertain.
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Consider a social planner seeking to define the optimal path of (XSP ,bgp) production

choices that maximize the current value of net social benefit from farming activity
subject to a transition equation describing the evolution of aggregate land quality. The

maximization problem is:

max |e” U F(u)du WX — D(Z)}

St. QT

g(x,L)+h(Q")

where g(x,L) are the collective emissions generated each period ¢ and h(QT) is a

concave “growth” function indicating nature’s ability to enhance land quality that

attains an interior maximum.”” Note that Z = (_T -0 )

The current value Hamiltonian function is defined as:
H= jozyF(u)du —wx—D(Z)+ | g(x, L) +h(Q")]

where u(t) is the dynamic shadow value of the aggregate land quality O that is

nonnegative (i.e. 1 >0).

The Pontryagin necessary conditions for optimality are:

c T
rocs pd L) D00 00,06, | 0806 g
ox 0Z 0Q, Oe, Ox, Oe, Ox,
or a£<O ifx’ =0
ox
Focy . -pd k) D000, % 38 O ey
b oL; 0Z 0Q, Oe, OL; ~ Oe, OL
OH .
or W< 0 ifbl, =0
f=p(r— Q )——

0" = g(x,L)+h(Q")

““Where L¢ = (L7, L5,...,L;) is the vector of individual choices regarding land usage. Aggregate

25 ™np

emissions flows can also be given as g(x,L) =", e, (x,,L¢).



and the Arrow type transversality condition at infinity is:

lim exp(-r)u(H)Q" (1) =0

Under the assumption that farmers systematically ignore the evolution of or (i.e.
myopic informational structure)””’ the system defining the dynamic social optimum

. 235
CAP measures is:

P(+s)a +o,L,pyf = Pajy +6,, — up, (20)
aﬁqj [0_2 {1 - p]fB}— O, {1 - p]/A}] =—(1+ S)af {ﬂ¢2d +0,, } (21)

which is similar to the static system (16) and (17). It is evident that the expressions of
the dynamic and static optimum CAP measures that induce the population of
unboundedly rational farmers to adopt the socially desired production choices and
thus deliver the desired aggregate land quality level are identical. The only

modification is the term containing the Hamiltonian multiplier (u) that is zero in the

static context.

2.2 Farmers' Compliance and Dynamic CAP Measures

associated with CMOs

Assume that farmers are subject to dynamic socially optimum CAP measures. Under
bounded rationality farmers have imperfect knowledge about the true structure of
payoffs; they choose between the two predetermined strategies (i.e. compliant and
non-compliant strategy) based on individual perceptions and information revealed via

their interaction over time.

Thus, if individual farmers take CAP measures as given, then the socially optimum

production choices (xl.SP ,LI‘TSP) are adopted and these farmers comply with the land-

quality and land-usage constraints. However, if it is perceived that the announced

““*Farmers face a static problem, either (5) or (6), according to the behavioural rule.

et @, a5k 0,505, Py Prg Tepresent the impact of the dynamic social optimum production

choices on crop yields, social damage and aggregate emission flows. In particular, it holds:
SP _ £8P, SP _ rSP _ nSP _ NSP _ 5P _ 5P

ay =17, Ay —ch , 01y =D, 0y =D;. and Pa =87 » Pra =& -



enforcement mechanism (p,y) is not effective and that the anticipated inspection
probability (p“) and reduction rate (7/”) are either sufficiently small or even equal to

zero, then a suboptimal pair of production choices (x#,L;) is adopted, stimulating

deviation from farming standards. It implies that:
if (p,7)> (p” 7" )2 0 then (xf,Lf*)< (xi#, Lf#)

and the population of farmers is divided into two subgroups, where z is the
proportion of farmers adopting the compliant strategy, while (l—z) is the deviating
proportion. Given that farmers learn the true structure of payoffs via their interactions,
the proportion of farmers adopting the complying strategy evolves in time according
to the rule of replicator dynamics. Hence, under the generalized CAP regime the

evolution of the compliant strategy is given by:

z=2(1-2)(z" - 7)) (22)

i i

with
7Z'iC — ﬂ'iNC = P(l + S)A*# (f(X,Lf )) _ WA*# (X)-l— (O‘l o, )A*#(Lj)
s oo L0 - 0,0 19))+ 0 (E, - 15 )5 — I

where (zzl.c - 7Z'I.NC) is the payoff divergence of the compliant and deviating strategy.” "

The critical points of (22) provide evolutionary stable fractions of compliant farmers

(2). It involves a monomorphic steady state characterized either by full compliance

(21 = 1) or full deviation (22 = O). A polymorphic steady state characterized by partial

compliance (E € (0,1)) may also exist if CAP measures are equal to the critical values
C__NC )

that make zero the profit divergence Q2 = (ﬂ'i -7

The type of the prevailing steady state depends on the profit divergence (ﬂ'ic - 7rl.NC)

as can be seen by the stability condition:

“*Profit divergence consists of four elements: (i) the divergence of market revenues and coupled
payments, (i) the divergence of input purchase costs, (iii) the divergence of DPs, and (iv) the amount
of DPs removed by farmers if found violating farming standards incorporated in direct payments
regime.
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dz
Given that the social planner's ultimate target is to induce full compliance with

farming standards, the stability requirement @ <0 1is satisfied if the CAP
252

instruments (s,0,,0,, p,y) are selected to turn the compliant strategy more profitable

than the deviating, setting thus the profit divergence CQ(s,o,,0,, p,¥) positive. To
define the type and the range of values of the various CAP instruments that make Q
nonnegative and stimulated full compliance of the population, the critical values
(’5,5‘1,52 D7 ) of CAP measures that set the divergence Q2 equal to zero, along with
their marginal impacts on the expression Q(E, G,,0,,D,7 )= 0 are respectively

assessed. Two cases are examined:

Case 1

Consider that both compliant and deviating farmers are myopic and "hard wired" to
their strategy in the sense that the impact of CAP measures on production choices is
negligent. In such a case the type and range of values of the coupled payment §

satisfying the requirement Q =0 is given by:

s = PA(f (% L) [WA#(X) (0_1 0, )A#(Li) p7/‘:‘] 1 (23)
) _ py, (f(x,10)) 24)
ds

where 2 =[ 0,L5(0, - 0,(x. L))+ o, (L~ L5 ) (L5 L) |.

Given that x* <x" and L <L; the expression (24) is negative implying that
compliance of the entire population of farmers is eventually attainable if s [0,?). If
s is set equal to the critical value 5 then partial compliance (23) may emerge in the

long-run steady state. Then:

Proposition 8: Full compliance of the regulated population emerges if the dynamic

CAP regime involves:



1) A  subsidy on crop yields if  simultaneously o©,>o, and
0 <[wa, (x)= (o, -0, ) A (L5 )= prE] > PA, (£ (x, L)) hold.

1) A penalty on crop yields if o, <o, .

However, in the case where (23) involves a penalty on crop yields, such an instrument
is not foreseen by the current CAP structure, and the attainment of the full compliance

target is infeasible.

The type and range of values of direct payments (51,52) and cross-compliance
reduction rate ()7) inducing full compliance are also assessed involving similar

findings.

Case 2:

Farmers' production choices are affected by changes in CAP measures, and optimal

choices under both strategies are:

x! (P,w,s,0,,0,)and b’ (P,w,s,0,,0,)

x,#(PaWaSaUpO'za?/,bRaQap) and b[];(P’wasao-lao-zayabR:Q’p)
and the replicator dynamic equation (22) is modified into:

Z'=Z(l_Z)(”iC(PaW,Saal,O'z,J/,bR,Q,p)—ﬂl.NC(P’W,S,O-l’azjj,’bR,Q,p))
let
Ay (x)=x*(P,w,s,01,09) = x" (P, w,5,01,04.7.b%,0;, p)

A’;(Llc-)=Li(P,w,s,Jl,az)—L;(P,w,s,al,az,;/,bR,Q,p)

Nu(f (6 L) = f(* O, L) = £ (¥ (), L5()

The type and range of values of given CAP measures satisfying the full compliance
requirement Q(P, w,s,al,az,y,bR,Q, p) >0 provide identical expressions to case |
for the critical values. The expressions describing the marginal impact of CAP

measures on profit divergence Q are altered and depend, among other things, on the

impact of the examined measure on farmers' production choices under the alternative



strategies. In particular, the impact of the critical coupled payment s on Q=0 is

given by:

~ I
dQ)(s) _ P(1+S)A*# g@_iﬂjﬁ —wA’;(gj (25)
ds ox 0s 0b’ 0Os

00! &x* Q" obf\ ob] — ~
_ )5 i _ L # + # L. o #
pyal{ *‘( o a aa) a He-2)

+0, %Z[(Z, _Zc)_z([: _L;))]_(Gl —0; )At{%zlj

F
which depends on the marginal impact of s on input and land usage [i.e.%and %}
S S

under both strategies, turning the assessment of the sign of (25) infeasible given the
informational requirements. Furthermore, it is evident that the attainment of full
compliance from a given population of farmers with environmental considerations
requires continuous change of the dynamic socially optimal CAP instruments.
However, in practice dynamic CAP measures are neither time invariant nor allow for

discrete changes over time, leading to suboptimal solutions.

3. Optimal Policy Design under the CAP Regime

associated with Rural Development

Static and dynamic optimality analysis under the assumption of unbounded
rationality, along with evolutionary dynamics analysis under the assumption of
bounded rationality, indicated also that charges on secondary production choices
instead of subsidies may be socially optimal, turning the CAP regime involved by
Mid-term Review (i.e. rural development regime) socially suboptimal. In each case
the type of the social optimal Pillar II CAP instruments, as well as the type of
correlation between the various CAP instruments, is assessed though the following

mechanisms:

3.1 Assessment of Optimal Static CAP Measures associated

with RD



In a static context the social planner seeks to define the socially optimal equilibrium

values for both the main and secondary production choices, given as (ifp ,ES{;,?SP)

~

and (TS’;,ZS;,EQ"JS,@), so that the net social benefit from agricultural activities is
maximized and thus the first-best level of aggregate land quality Q!, is attained. The

maximization problem of the social planner is:

max J-DF(u)du—wjx—vf—TC—D(Z)

x,b7 0,5 6,1 1" J0

where (TC =25 (27':1 rte k' +ctf +dt] )) are the aggregate costs associated with

secondary production choices, whilst (Vf =L l.) the aggregate labour costs.

The optimality conditions of the deviating farmer and the social planner define a
system, the solution of which provides the type of the socially optimal CAP
instruments, as well as the type of correlation between them, that induce the
representative farmer to adopt the socially optimal production choices. To simplify

analysis the set of production choices of farmer i is restricted to three choice

variables, for instance a single input (xi/) and land usage (b/), along with the

decision of the treatment (tl’]‘ ) on the usage of the x; input, while the rest of the

production choices are treated as fixed. Thus, the system is given by:”"’

P+ s)a, +|oyLs + RD|pyp p(1-17) = Pas” +5,8,(1- T3 ) (26)
ast [0'2 {1 - p}/B}— o, {1 - p]/A}Jr [O'ILC + ED]p]/,BI. (ﬂ2 (1 —t° )— B (1 +1" ))]
= 1+ ), B[00+ 7 )-8, (-7 )] 27)

[O-lLC +ED]P7ﬂ1ﬂi)~CSP +rs*{l - ppd}-rs* = 5,53 (28)

“"Let ", a3 and «,,a,, B, ,, B, represent the impact of the social and individual optimum
production choices on crop yields and individual land quality respectively, while J,,J,,0, denote the
and 6, = D, are

both positive and represent the impact of set-aside decision on individual land quality and social
damage respectively.

impact of socially optimum choices on social damage. The expressions [, = QLC



the solution of which defines the type of RD CAP instruments that induce the

~ .~

¢ ,bSP,tS;‘,). Our analysis

~

adoption of the social optimally production choices (xl.
indicated that the maximization of the social welfare criterion may require that
charges are imposed on farmers instead of farmers being provided subsidies on given
production choices (such as crop yields, land usage and established input usage
treatments). However, given the fact that such charges are not involved in the Agenda
2000 structure, the attainment of the first-best aggregate land quality target is

infeasible.



3.2 Assessment of Optimal Dynamics CAP Measures
associated with RD

Under the assumption that individual farmers are unbounded rational but do not take

into account the evolution of aggregate land quality Q", the social planner aims to
define the optimal path of both main and secondary production choices so as to
maximize the current value of the net social benefit from agricultural activities subject
to the evolution of aggregate land quality. The associated maximization problem is
given by:

max j e-”[fy F(u)du—wx—v{—TC - D(Z)} dt

Xy L5051, ] 0
st. 0" =b(Q" )~ g(x, L)

After following the standard procedure a system similar to the static system (26) —
(28) is obtained, the solution of which provides the type of the dynamic socially

optimum CAP measures.

Under bounded rationality the type and range of values of the socially optimal rural
development CAP measures are assessed by employing the evolutionary framework,

. . . . . 238
where the associated replicator dynamic equation is: ™

z=2(1- Z)(”ic _”iNC)
with
xt —x¢ =

1 1

P+ $)AS0 (f (e, L, (14 £)0) = wAGye () = vAG0 (0)
A (107 )+ (0, ) A5, () + 85 (RD)

i

sprlo + RD)(© - 0))+ (L, — 1)1 - )]

which is similar to the expression (22) defined under the provision solely of CMOs

payments. As expected our analysis indicated that the attainment of the target of full

“*The profit divergence between the compliant and deviating strategy is decomposed into the
following elements: (i) the divergence of market revenues and coupled payments, (ii) the divergence of
purchase costs of input and land usage, as well as the establishment and maintenance costs of
treatments, (iii) the divergence of direct payments and provided rural development subsidies, and (iv)
the amount of decoupled payments and rural development subsidies removed if deviation from the
environmental considerations incorporated in direct payments regime is detected.



compliance may not always be feasible since the assessed critical rural development

payments (i.e. sx) may involve penalties on established treatments, instruments that

however are not foreseen by the current CAP structure.

Conclusions

Common Agricultural Policy measures are classified among the factors responsible
for the imbalance in the agricultural-environment relation. Following widespread
criticism, CAP reformers introduced the Agenda 2000 CAP reform that is considered
to be pioneering from an environmental aspect. Given that limited theoretical analysis
regarding the environment impacts and the long term viability of this regime has been
undertaken, a conceptual theoretical model of farming behaviour was developed to
embody the basic reforms for the common market organizations and rural
development. The generalized nature of the provided model allowed the assessment of
the impacts of the various CAP regimes characterised either by CMOs payments (i.e.
full coupling, partial and full decoupling regime), RD payments (i.e. rural
development regime) or a combination of CMOs and RD payments (i.e. extended full
coupling, partial and full decoupling regime), on the environmental performance of a
representative farmer, and thus of a homogeneous population, in terms of primary and
/ or secondary production choices. The policy effectiveness of Agenda 2000 was
evaluated by analysing the problem of optimal regulation of a population of
unboundedly rational agents both in a static and dynamic context, allowing the
assessment of the type of socially optimal Pillar I and Pillar II measures, along with
type of interdependence characterizing them. Finally, the long-run viability of the
1999 CAP reform was assessed under the assumption of boundedly rational agents

through the framework of replicator dynamics.

Intervention via decoupled payments under both the absence and presence of farming
standards is environmentally preferable in terms of main production choices to
intervention via a combination of coupled and decoupled payments. However, when
the set of production choices is extended with secondary production choices, then the
relative environmental performance of the population under the given CAP regimes of

payments cannot be clearly inferred. There is no clear evidence that the transition



initially from the full coupling regime to the intervention regime involving partial or
full decoupling of Pillar I payments both in the absence and provision of rural
development payments (i.e. Agenda 2000 regimes), and ultimately to the intervention
regime involving solely the provision of second pillar payments (i.e. Mid-term
review), induces the population of farmers to restrict main production choices and
increase secondary choices. Nevertheless, it is evident that the incorporation of
farming constraints and rural development measures enhances the environmental

performance of the regulated population.

The definition of socially optimal CAP measures associated with CMOs and RD in
both a static and dynamic context indicated that it may be socially desirable on
environmental grounds not only to maintain coupled payments but also to impose on
farmers a set of charges on the various aspects of farming activity: crop yields, land-
usage, set-aside-land and / or secondary production choices related to emission flows
abatement. Given that such measures are not foreseen in the current structure of CAP
and that the attainment of first-best aggregate land quality requires time-flexible CAP
measures associated with CMOs and RD, suboptimalities occur and both the
effectiveness and long-run viability of Agenda 2000 and Mid-term review CAP

reforms is doubtful and depends on existing conditions.
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CHAPTER III:
Design of Public Voluntary Environmental Programs
for Nitrate Pollution in Agriculture:
An Evolutionary Approach

The joint evolution of participation and compliance of farmers in a rural development
program, in the form of a public voluntary agreement, along with the evolution of the
pollution stock, is examined in this chapter. Replicator dynamics, modelling
participation and compliance, are combined with pollution stock dynamics. Fast-slow
selection dynamics are used to capture the fact that distinct decisions to participate in
and comply with the second pillar program evolve in different time scales. Conditions
for evolutionary equilibria and evolutionary stable strategies regarding participation
and compliance are derived. Budget constraints associated with monitoring costs are
also introduced into the analysis to assess their impact on participation and

compliance decisions.

1. Agricultural Environment and Voluntary Approaches

Voluntary approaches (VAs) to environmental regulation have been regarded as an
alternative instrument to pollution control. They are expected to increase economic
and environmental effectiveness as well as social welfare, relative to traditional policy
instruments,” since they allow farmers greater flexibility in their pollution control
strategies and also have the potential to reduce transaction and compliance costs.”""

VAs can be classified into three basic categories, based mainly on the degree of public

intervention. **' Negotiated agreements imply a bargaining process between the

239 .. . g .
Such as emission taxes, subsidies, or tradeable permit systems.

“"The theoretical analysis of VAs to environmental regulation has been developed mainly in the past

decade. See for example the work of Carraro and Siniscalco (1996), Segerson and Miceli (1998),
Segerson and Dawson (2000), Brau et al. (2001), Lyon and Maxwell (2003).

“"Examples of successful public VAs include the EPA's "33-50" program that seeks to encourage firms
in the US Chemical industry to voluntarily reduce the discharges of 17 high-priority toxic chemicals
under the background threat of legislation, the "US. Conservation Reserve Program" that used cost-
sharing and other financial inducements to achieve reduction of agricultural pollution through
voluntarily participation in soil conservation and other erosion control programs and its successor
"Environmental Quality Incentives Program", the "Canadian Industry Program for Energy
Conservation", the "US Green Lights", the "Motor Challenge" programs for industry, as well as the



regulatory body and a farmer or an industry group to jointly set the environmental
goal and the means of achieving it. Unilateral agreements are environmental
improvement programs prepared and voluntarily adopted by farmers themselves.
Public voluntary agreements are environmental programs developed by a regulatory
body and which farmers can only agree to adopt or not. In the latter category are
classified the rural development programs offered under second pillar of the

communal agricultural policy regime.

The potentially most serious drawback of VAs is that they leave room for free-riding.
Particularly, in public VA where the attainment of an environmental target requires
collective action, individual farmers may have incentives not to reduce their emissions
but to rely upon other farmers to carry out the actions necessary to attain the target.
Farmers can decide not to participate in the achievement of the established goal either
ex-ante (non-participation), or ex-post after signing the agreement (non-compliance).
It is possible that free-riding may impede the establishment of a public VA, or may
result in the failure of the agreement because signatory farmers do not comply with
the rules of the VA.”" This suggests some limitations in the ability of VAs to attain
desired targets. In fact there are some reservations, based on empirical observations,
regarding the ability of public VAs to improve environmental quality as an
independent policy tool. According to a report by Environment Canada, industrial
sectors that relied solely on self monitoring or voluntary compliance had a sufficiently
lower average compliance rating (60% vs. 94%) than those industries which were
subject to federal regulations combined with a consistent inspection program.”"
Indeed without appropriate threats of sanctions or enforcement schemes, there may be
a problem of compliance or uneven application. Both participation in and compliance

with the agreement are important and thus a successful VA scheme may need to

"Golden Carrot" program for manufactures of highly energy-efficient refrigerators which has recently
been consolidated with the "Motor Challenge" (OECD 1998). While "ProjectXL" and "Common Sense
Initiative" involve negotiation, they also resemble public VAs.

““Despite the presence of apparent incentives to free-ride, it is possible to have an equilibrium in which
the target is achieved and only a subset of firms in the industry comply with the agreement's provisions,
while the remaining free-ride (Dawson and Segerson, 2002).

““Enforcement vs. Voluntary Compliance: An Examination of the Strategic Enforcement Initiatives
Implemented by the Pacific and Yukon Regional Office of Environment Canada, Report No.
DOEFRAP 19983.



include a mix of voluntary and mandatory features, to ensure that polluting agents will

not only sign the public VA but also comply with its provisions and established goals.

The present chapter studies the long-run structure of a rural development program in
the form of a public VA where the regulator makes an offer to a large number of
homogeneous farmers to reduce nitrate emissions in order to voluntarily attain, by
using flexible cost saving methods, a desired ambient pollution level.”** The type of
VA we study has many similarities with voluntary climate change programs or the
various Energy Star programs.”"” If the offer attains full participation, a target ambient
pollution stock is attained. If there is not full participation, then there is a deviation
from the target and a positive probability of legislation through conventional
instruments such as direct regulation. Thus limited participation may trigger
regulation. Participating farmers are not directly observed by the regulator so there
could be incentives not to comply. The regulator tries to deter non-compliance by

random auditing and fines to those found not in compliance with the VA.

The general set up of compliance and auditing developed in this chapter can be used
as a basis in order to gain some insights regarding nitrate pollution regulation. In
particular, a similar type of regulatory framework can be used for the EU Nitrate
Directive (91/676/EEC) that aims to reduce water pollution caused by nitrates
generated from agricultural sources. The importance of the particular issue lies in the
fact that only a minority of Member States has fully applied the directive and the
Commission has opened a number of infringement proceedings against Member
States for non-implementation. In this context the directive entails two regulatory
frameworks (Article 4): (i) codes of good agricultural practice to be implemented on a
voluntary basis, supplemented where necessary by the provision of training and

246

information” "~ and, (ii) a mandatory framework involving obligatory measures to be

““The flexible methods of reducing emissions through the VA program have a weak cost advantage
relative to regulation like, for example, the XL Project or the EPA's 33-50.

“See, for example, OECD (1998).

246 . .. . . . . . J .
“These codes contain provisions covering issues such as: (2) periods when application of fertilizers is

inappropriate, (b) application of fertilizer to steeply sloping ground, (c) fertilizer application to water-
saturated, flooded, frozen or snow-covered ground, (d) the conditions of application of fertilizer near
water sources, (¢) the capacity and construction of storage vessels for livestock manure and (f)
procedures for fertilizer applications.
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implemented in action programs for nitrate vulnerable zones™ . Thus the developed
general conceptual model of VA and nitrate pollution presented in this paper can be

associated to some extent with the regulatory framework of the Nitrate Directive.

In modelling the process where farmers decide whether to participate in the agreement
under a probabilistic regulation threat, we adopt an evolutionary framework. The
basic characteristic of this framework is that, although farmers are profit maximizers
in the output choice, when it comes to choosing a strategy regarding participating in
the VA, or whether to comply or not, they adopt a more passive decision making and

248 . . .. . .
This more passive decision making is

not an explicit optimizing behaviour.
modelled by an evolutionary process where decisions are taken by comparing the
profits of a strategy to participate in and comply with the VA, with corresponding
expected profits of a nonparticipating, non-complying farmer. Successful strategies
are those attaining higher expected profits and are imitated by other farmers with a
probability proportional to the difference between corresponding profits. Profit
differentials exercise evolutionary pressures on the composition of population of
farmers so that more successful strategies increase their share in the total population
of farmers. A simple way to model the movements in the composition of population
of farmers regarding participation in and compliance with the VA is the use of
replicator dynamics.”” We use replicator dynamics as selection dynamics to model in
two stages the evolution of: (i) the decision to sign or not the agreement, and (ii) the

decision to comply or not with the agreement's provisions after signing it.

The use of replicator dynamics allows us to determine evolutionary equilibria (EE),

which can be related to evolutionary stable (ES) strategies regarding participation and

" Action programs consist of the following mandatory measures: (a) measures prescribed in the
code(s) of good agricultural practice and (b) rules relating to periods of land application of certain types
of fertilizers is prohibited, (c) measures concerning the minimum acceptable capacity of storage
vessels, and (d) limitation in land application of fertilizers on particular grounds.

““This evolutionary approach might be encompassing ideas of bounded rationality since it can be

associated with firms' bounded ability to fully perceive either advantages associated with flexibilities
and cost superiority of the VA, or costs associated with probabilistic fines. For general presentations of
these approaches, see for example Nelson (1995) and Conlisk (1996).

““For definitions, see, for example, Weibull (1995). For applications of this methodology to common

property resources, see Sethi and Somanathan (1998).
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compliance.”’ We further elaborate on the selection dynamics by considering the
situation where decisions to participate or not evolve fast, since when the offer is
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made there is usually a legal time framework, while decisions regarding
compliance after participation are unconstrained and expected to evolve much more
slowly. This suggests that the evolutionary equilibrium composition of farmers
regarding participation is reached faster than the ES equilibrium composition
regarding compliance, implying that selection dynamics operate in a fast-slow

dynamics framework.

Our contribution lies in using, for the first time to our knowledge, an evolutionary
approach with fast-slow selection dynamics to jointly determine the steady-state
equilibrium fraction of signatory and complying farmers, as well as the corresponding
steady-state equilibrium emission stock. Using this approach we are able to determine
"which strategies survive in the long-run”, in the sense of evolutionary stability,
define the structure that a long-term VA would have, in terms of participation and
compliance, and identify policy rules that might produce desirable VAs. " Our
analysis indicates that the value and characteristics of the legislation and auditing
probability are of crucial importance for the resulting long-term equilibrium outcome.
Under different assumptions about the legislation probability, the fast time dynamic
system can alternatively converge to a polymorphic or monomorphic steady state,
implying either partial or full (or non) participation in the public VA. Similarly by
choosing the structure of the auditing probability, the regulator can achieve partial or
full (or non) compliance. There is a possibility of unique or multiple EE with potential
irreversibilities, while the convergence to these equilibria could be monotonic or
oscillating. If full participation and full compliance are regarded as the desired
outcome for the regulator, they can be attained if the regulator is pre-committed to
certain legislation and inspection probabilities, or by appropriate choices of the
legislation mandate and the non-compliance fine. Finally we show that under a limited

budget for financing auditing inspections, which is partly financed exogenously and

VA strategy is ES if it can not be invaded by a mutant strategy. See for example Weibull (1995), page
36.

“'EPA's National Environmental Performance Track accepts applications twice a year.

“’For a similar approach regarding the regulation of a renewable resource, see Xepapadeas (2005).



partly through collected fines, a polymorphic compliance equilibrium is the most

likely outcome.

2. A Model of Agricultural Nitrate Pollution and

Regulation

Assume an industrial sector consisting of i=1,2,..n small and identical farmers,
which operate under competitive conditions and emit into the ambient environment.
Emissions accumulate in the environment and cause external damages, which exceed
the socially-desirable levels without regulation. The regulator proposes formally a
"take-it-or-leave-it" environmental protection scheme and gives each farmer in the
industrial sector a chance to voluntarily meet an exogenously determined emission
level e, . This type of rural development program (i.e. public VA) offers full
flexibility to choose the profit-maximizing and legislative means of achieving the

target and could provide cost advantages over legislative regulation.

In particular the regulator proposes a long-term "preemptive public VA™ to which
farmers can only agree or not. If all farmers follow the agreement then total emissions

in the ambient environment will be E, =ne, , where we assume that the nitrate

pollution stock § accumulates according to:
$(e)=E()-o(S(). E()=2 el) (1)

where E(t) denotes total nitrate emissions at time ¢ due to agricultural activities, and
(0(S(t)) denotes emissions outflows due to natural environmental self cleaning

process and environmental feedbacks.

Let S(¢) be the path of nitrate pollution stock under full participation and compliance
to the agreement. If there is not full participation, a deviation at time ¢ is expected
between the observed and desired nitrate pollution stock, denoted by

AS (t)=S (t)—S(¢t). Participation in the VA does not imply that a farmer will also

“’Such VAs indirectly reduce expected production costs because they reduce the probability of facing
a (more costly) direct regulatory regime (Brau et al., 2001).



comply with its provisions. Thus although the regulator has full observability of
participating farmers, we assume that simultaneous control of all signatory farmers is
prohibitively costly. The mechanism usually applied to verify compliance and identify
compliance problems is inspection of randomly chosen signatory farmers. Therefore a
positive AS(t) might be the result of either partial participation and non-compliance
by some of the participating farmers, or under full participation, the result of non-
compliance by some signatory farmers. It would be intuitive to assume that from a
farmer's point of view the subjective probability of having legislation introduced at

time ¢ depends on the deviation AS(¢) and the proportion of participating farmers

x(t), or254

o(0)= p(AS(@)x(t) o, (1)), with% -0, Z_P <0xelo,1] 2)

where oov(t) is a vector of other parameters affecting the probability of regulation.””
The probability of regulation would increase due to either an increase in the deviation
AS(t) or a decrease in the number of participating farmers.

We further specify the probability structure, by assuming that the probability of
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introducing legislation is common to all farmers and that: p(0,1)=0 ;

P(AS, x

AS>0,x<1)>0;  p(AS,1

AS>0)=0 hold. That 1is, if everybody

participates, then the deviation is due to non-compliance. We assume that (AS(¢), x(¢))
are observable by the regulator and become public information, while there is
uncertainty regarding the vector @, . Farmers can use announced (AS(t),x(t)) to
calculate subjective probabilities, but there is uncertainty regarding the probability

law p(AS(t),x(¢),0,(¢)), thus farmers use model (2) as a benchmark for some fixed

value of the vector ®,.

“Segerson and Miceli (1998) assume a fixed legislation probability.

It may include legislative procedures, transaction costs, etc.

°° The possibility of p(0,

x <1) =0, which allows for overcompliance by some farmers so that the

target is achieved even if some farmers are not participating, is not considered. The possibility of
overcompliance implies the introduction of another strategy, e, <e, .



If farmers believe that the only factor that affects the probability of legislation is the

nitrate pollution deviation AS, then the probability can be simplified to”’’

p(1)= p(AS(). 0, (1)), with %x} 3)

The decision to participate and then comply or not depends on the structure of profits.

In our model, each farmer produces an output O and emissions e. The cost function
C(Q,e) is a continuous function where C, >0, C, <0, C,, >0 and C,, >0. We

assume that the VA offers only a cost advantage to participating and complying
farmers since it deters the introduction of relatively more costly mandatory regulation
and allows greater flexibility in the processes of emissions reduction.””* The profit

function is defined as Tl(e) =max, {PQ -C(0, e)}.

At the unregulated equilibrium a farmer chooses emissions e, =argmax, I1(e).

Therefore when a farmer decides not to participate in the VA, and continues
producing at the profit-maximizing emission level without facing a legislative

mandate, then profits are defined as I1, (e,). If a farmer decides to sign the VA and

voluntarily cut emissions to the agreed level e, then profits are
IT,(e,) =max, {PO - C,(Qe,)}.

If a farmer decides not to participate in the VA and mandatory legislation is used to

introduce either an emission tax 7, or an emission limit (performance standard) e,

then its profit function could be defined as:
I, (e,7) = max{PO = C, (0€) —7,¢f (4)
HL(e,E):mQaX{PQ—CL(Q,e): eSE} (%)

In both cases C, (Q,e) < C, (Q,e) under the cost advantage assumption of the VA. So

under legislation, profits can be defined as I1, (e, ), where e, (r): argmax, I1, (e,7)

“"It seems that AS shall always be part of the subjective probability in every case. If the subjective
probability is a function of participation proportion X alone, then the incentive to participate is not

linked with the achievement of the environmental target e, .

“*We assume that the VA does not improve a firm's public image and increase consumers' goodwill.



under taxation, or e, =argmax,II,(e) subject to e<e , under a performance
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standard. Under standard assumptions e, =e .
If a participating farmer decides not to comply with the VA and emits at the

unregulated level e,, then there is a possibility that the farmer will be caught after a

random inspection. If the non-complying farmer is not inspected then profits are

I1,(e,) If caught the farmer is subjected to individual legislation and a non-

compliance fine F. The profits of a non-complying farmer who is caught after a

random inspection are I1.(e,,F)=1II,(e,)—F.
Since e, > e, > e, the structure of costs and profits implies:
I, (e,)> T, (e,) > T, (e,) > T (e, F)

In the case of non-participation in the agreement, the imposition of legislation is

probabilistic, therefore the expected profits of non-participating farmers are:
ETT, = pIl, (e,)+(1=p)Ty(e,), p=p(AS,x,0,) (6)
Thus the sufficient condition for participation in the VA is
I, (e,) 2 pI1, (e,) + (1= p)(e,) (7)

Let g be the subjective probability that a participating farmer will be inspected and
let z be the proportion of participating farmers that comply with the terms of the VA.

A farmer's subjective probability of being audited can generally be defined by q(wc ),
where ®, is a vector of parameters. It is assumed that this function is common for all

farmers and can be further specified in the following cases.

In the first case the regulator exercises fixed monitoring effort and makes a fixed

number of inspections, say n per period. The regulator announces this policy and

“’The target € = e, can be achieved either through taxation, if the tax rate is chosen such that

e (2’) =e isasolution to max,I1, (e,7), or through a performance standard e.



precommits to a certain auditing probability, which is known by the polluters. In this

case the audit probability is fixed, or™"’

g@.)=g (¥

An alternative assumption would be that the regulator exercises variable monitoring
effort, dependent on state variables of the problem observed by the regulator.””' One
such variable is the deviations from the desired nitrate pollution stock AS; and/ or the
share of violators 1—u, u €[0,1] detected during an audit. The regulator increases the
monitoring effort if the stock or the share of violators is increasing. This policy can be
regarded as a type of no full commitment - or partial commitment - auditing policy on
the regulator's part. The regulator might, for example, not audit individual farmers if
the deviation AS is sufficiently low, but start inspections if the deviation increases
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beyond a certain level. The farmers are made aware of the results of the

inspections, through public announcements and/or private communications, and
perceive that if the deviation or the share of violators increases, more monitoring
effort will be exercised and thus the subjective probability of being audited increases.

In this case the probability ¢ can be specified as stock dependent auditing probability:
q=4(AS,0,), ¢ (AS,®,)>0, ¢(0,0,)=0 (9
where ®, is a vector of parameters similar to ®,.

If farmers use the observed u as an estimate for their perceived z, that is they set

u = z, a compliance dependent auditing probability is defined as:

g=q(z.0,.) ¢ (z,0,)<0, g(L®,)=0,9(0w,)>0 (10)

“This is a common assumption in the enforcement literature in environmental economics (e.g. Malik,
1993; Garvie and Keeler, 1994; Segerson and Miceli, 1998; Stranlund and Dhana, 1999).
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In the enforcement literature, variable monitoring effort is usually related to firm specific variables
(e.g. Malik, 1990; VanEgteren and Weber, 1996).

““’Grieson and Singh (1990), Khalil (1997), and Franckx (2002) analyze no commitment frameworks.
An environmental regulator chooses which firm to inspect without observing firms' actions but after
observing ambient pollution.



It is expected that the value of q(O) will be large but not unity since not every farmer
is audited”®’ even if nobody complies, while if everybody is complying the subjective
probability is ¢(1)=0.

If (9) and (10) are taken together, a general formulation of the subjective audit

probability with joint dependence on compliance and stocks would be:
q=4(z.45.0,) (11)
In this context the expected profits of a participating, non-complying farmer are:
EIL, =gl (e, F)+ (1=, (e,) (12)
and the sufficient condition for complying with the agreement's provisions is:
I, (e,) 2 gl (e, F) + (1= ) (e,) (13)

Given the above framework we explore how imitation and adaptation of behaviour,
resulting in higher profits, determine which strategies (participate or not/comply or
not) will survive in the long run. We model the selection dynamics that can be used to

determine the ES strategies by replicator dynamics.

3. Replicator Dynamics as Selection Dynamics

Assume that at a given time ¢ the sector consists of two groups of farmers, each group

following a different strategy concerning participation in the public VA. Let x(¢)
denote the proportion of farmers participating in the agreement, while x, (¢) the

remaining proportion of non-signatory agents at time ¢, with x(¢) +x, (¢) =1.

Given the assumption of bounded rational farmers, the decision whether to comply or
not depends on the information revealed by the interaction of farmers over time. The
fraction of farmers complying with the provisions of the public VA evolves in time
and is encountered more frequently in the population if farmers perceive that the
compliant strategy involves higher profits than the noncompliant strategy. Based on

the imitation behavioural rule described previously through the replicator dynamics

““*This can be associated with a binding budget constraint for inspection costs.



framework, the equation describing the motion of the group of compliant agents x

over time is modelled by:

x = afe(1 - x)[ pAITY — ATTY] (14)

where AITY =(I1,(e,)—1I1,(e,)) are the profit losses under the non-participating

strategy when legislation is imposed and AITY =(I1,(e,)—1II (e,)) are the profit
losses under the participating, complying strategy.

It has already been mentioned that participation in the VA does not imply that a
farmer will also comply with its provisions. We assume that in choosing between
compliance or not farmers imitate successful strategies, as in the choice of

participation strategy, by collecting (incomplete) information regarding expected

profits of non-complying farmers. Let z(¢) denote the proportion of farmers
complying with the agreement, while z,(¢) the remaining proportion of non-

complying farmers at time ¢, with z(¢)+z,(¢) =1.

After following the same conceptional framework, the replicator dynamics equation

for the compliance strategy is defined as:
2= y&'[I1,(e,) - T, ()]

where 7 and & correspond to & and S above, and IT,, (e) are the average profits

for the whole population of signatory farmers.

Then the replicator dynamics equation for the complying strategy is:
£ =98 2(1-2)|gATTY — ATTY | (15)
where ATT} =(IT,(e,)—I1.(e,,F)) are the profit losses under the non-complying,

participating strategy when both legislation and fine are imposed.

Steady states (S-S) (or stationary points or rest points, or critical points) of the

replicator dynamics equations (14) or (15) can be used to define evolutionary

“"Where T1,, (€) = 211, (e,) + (1= 2)[gTT (e, , F) + (1= @)1  (e,)]-



equilibria. Following standard stability classification an (S-S) is stable (or Lyapunov
stable) if no small perturbation from the (S-S) induces a movement away from (S-S),
it is asymptotically stable (AS) if it is stable and small perturbations induce a
movement back towards (S-S), or to put it differently if the solution of the replicator
dynamic equation tends to the (S-S) from initial conditions in the neighbourhood of
(S-S) as t > . We will define as evolutionary equilibrium (EE) an AS steady state
under the replicator dynamics (Gintis (2000). The (S-S) is globally asymptotically
stable (GAS) if it converges to the (S-S) independent of initial conditions for any
initial state in the open interval (0,1). 9% A stable (S-S) is a Nash equilibrium of the
game defined in terms of two farmers following strategies of participation or non-
participation, or compliance or non-compliance. Furthermore, if a strategy X is an
evolutionary stable strategy then it corresponds to an EE under the replicator
dynamics. Conversely, a strategy x is an ES strategy if it is a strongly stable
equilibrium point of the replicator dynamics equation, where strong stability means
that if X is contained in a convex hull of the strategy simplex, all strategies in the
neighbourhood of x converge to x (see, for example, Hofbauer and Sigmund
2003).”° Since GAS equilibria can be associated with the notion of strong stability,
GAS steady states under the replicator dynamics can be regarded as reflecting ES

strategies.

The evolution of the emission stock is affected by the decisions to participate in the
agreement and further comply with its provisions and established goals. Therefore the

nitrate pollution stock dynamic equation (1) can be further specified as:

S =n{x[ze, + (1-z2)Ee, (q)]+(1-x)e,} — p(S) (16)

where FEe,(q)=qe, +(1—q)e, are the expected emissions of a non-complying but

participating farmer. Finally, (16) can be further specified by assuming that the

emissions outflows term is linear, implying that ¢(S) =bS with 5> 0.

°*> We can not attain convergence from the boundaries 0 and 1 since they are invariant.

A convex hull of a set A is the smallest convex set containing 4. For example, the convex hull of
three noncollinear points is the triangle with these points as vertices.



The combination of the replicator dynamics equations (14) or (15) with an emission
dynamic equation (16) can be used to develop a unified dynamical system which
characterizes participation, compliance and the associated movement of the nitrate

pollution stock.

4. Fast - Slow Selection Dynamics in the Evolution of

Public Voluntary Agreements

The purpose of introducing different time scales in the replicator dynamics framework
is to capture the fact, observed in real situations, that when a VA of that type is
offered, the composition regarding participation is finalized relatively fast. Since
farmers have to decide whether to accept the offer within a relatively small time
interval, determined by legal procedures, we expect evolutionary pressures to work
relatively fast. On the other hand compliance behaviour is not constrained by a time
framework so we expect evolutionary pressures to operate more slowly relative to the
participation case. This implies that the rate of change of x with respect to time is
large in absolute value, while the rate of change of z is relatively slower. That is,
dx dz

— = >>—|=.
dt dt

The above argument implies that in (14) and (15) we can set ¢f =1 and 0 =¢

where ¢ 1s a small positive parameter. Assuming that the natural system evolves in a
time scale which is comparable to the slow compliance variable, then our dynamic

system can be written in a fast time scale as:

E:fl(x,s) (17)
£=gf2(z,S) (18)
dr

d—S=gf3(x,z,S) (19)



7 If fast time is scaled such that

System (20) - (22) 1s the fast time system (FTS).
T=t/¢g, so that dr =dt/¢, then the dynamics system characterizing participation,

compliance and nitrate pollution accumulation in slow time can be written as:

&= f,(x,9) (20)
z=f,(z.9) 21)
S = f(x,z,8) (22)

The problem defined in the dynamical system (20) - (22) is a singular perturbation
problem.”” The general method for analyzing it, is to consider the systems at the limit

& — 0. If the solutions satisfy certain regularity conditions for ¢ =0, then solutions

for small ¢ can be approximated by the solutions for ¢ =0. By taking £=0 in
system (20) - (22) we obtain the reduced system, otherwise known as slow-time

system (STS), where the equation 0 = fl(x,S ) provides, if it can be solved for x, the

equilibrium participation rate for fixed level of §, as:
x=h(S) (23)

The solutions of (23) are equilibria of the FTS (17) - (19), defined for £ > 0 and
denoted by 4, (S), j=1,....J.”" For the stable equilibria from the set of equilibria of
(x-reduced), the slow variables evolve as:

z=f,(z,5) (24)

S = £,(n(S),z,5) (25)
The analysis of the dynamic system (24) and (25) can be used to determine the long-

run ES compliance and nitrate pollution stock (z*,S*) Then the long-run ES

participation in the VA will be determined as h(z*,S *) 270

*"Where fi» 1=1,2,3 represent the right hand sides of (14), (15) and (16) respectively.

““*For the analysis of problems in a fast-slow time framework see, for example, Wasow (1965, Chapter
X) or Sastry (1999, Chapter 6).
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"Where J is the number of these equilibria.

" In more technical terminology the dynamic system (24) and (25) is defined on the stable two-
dimensional manifold (or union of) M = {(z,S,x): g(x,z,5)=0:x/ (z,S)isstablein FTS} .
Solutions of the slow system (20)-(22) at least locally are attracted to this manifold.



5. Long-Run Structure for a Public VA

The conceptual framework developed above is used to determine the long-run
structure regarding participation in and compliance with a public VA. Since the long-
run structure is determined as a stable equilibrium of the replicator dynamics
equation, it has the property of a stable EE. To illustrate the importance of the
structure of legislation and auditing probabilities in determining the long-run structure
for the public VA, we classify the following analysis according to the characteristics

of these probabilities.

5.1 Participation Decision and Evolutionary Participation
Equilibria

The decision regarding participation in a public VA is reached faster and is affected
by the structure of the subjective probability of introducing legislation. The legislation
probability can either depend solely on the nitrate pollution stock or jointly on the

nitrate pollution stock and proportion of participating farmers.

5.1.1 Nitrate Pollution Stock Dependence of the Legislation Probability

Assume that the subjective probability of introducing legislation depends only on the
nitrate pollution deviation AS . In the fast time participation system (FTPS) the
observed emission stock S and the deviation AS are both regarded as fixed

parameters. As a consequence the legislation probability is fixed, implying that
p=p(AS).

Under this definition the slow time compliance nitrate pollution system (STCPS), is

defined as:
0= x(1- x)|p(AS)ATT) — AITY | (26)
2 =z(1-2)[q(z,AS, @, )ATTY — ATT" | 27)

S =ni{x[ze, +(1-2)Ee, (q(z,AS,®, )]+ (1-x)e,} —bS (28)



The solution of the replicator dynamics equation (26) provides the S-S participation

rates x", for fixed level of S, which correspond to an EE. Two S-S exist, x; =1 and

x, =0, implying either full or non-participation in the public VA.

The derivative of (26) with respect to x defines the stability condition:

i =(1-2x)Q (29)
dx

where Q=] p(A_S)AH]LV —AITY]. There is a critical probability value, defined as

ﬁ(A_S), that sets Q =0 and behaves as a bifurcation parameter.”’' The sign of the
expression €2, and therefore the stability of the steady states, depend on the
magnitude of the fixed legislative probability p(A_S) relative to the critical value
ﬁ(A_S). Specifically, if the regulator announces and commits to a legislative
probability higher than the critical value, then Q>0 . On the other hand, if

p(AS) < p(AS), then Q <0.

Under this definition it follows that:

If p(AS)> p(AS) then Ao oand E 5o
dx xl*=1 dx x;:O

If p(AS)< p(AS) then D0 ad H <o
dx xl*=1 dx x;:O

In the first case, farmers perceive that the introduction of the legislation is highly
likely. Therefore farmers prefer the profit loss AITY under the public VA to the
higher profit losses AT}, realized if legislation is imposed. Consequently, all farmers
participate in the public VA and x; =1 is GAS. Furthermore the ambient nitrate
pollution stock is equal to the industrial emission target £, . In the second case, the

legislation mandate appears less likely and farmers can maintain the unregulated

"Where p(AS)=(ITy — 11, )/(T, =TT, )<1,since T, (e,) ~T1,(e,) < T (e,) =TT, (e, ).
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profits I1, (e ). Therefore no farmer has the incentive to participate in the public VA

and receive reduced profits by AITY, so x; =0 is GAS.
These findings can be summarized in the following proposition:

Proposition 1: Under an emission stock dependent legislative probability the FTPS
converges to a monomorphic equilibrium. If p(A_S)e(ﬁ(A_S),ll then there is full
participation in the public VA and x; =1 is the GAS evolutionary equilibrium. If
p(E) € [O,f)(E)), then there is non-participation in the public VA and x; =0 is the
GAS evolutionary equilibrium. By the strong stability property of the GAS steady
States, participation or non participation are ES strategies for the appropriate value

of the subjective legislation probability.
From the total differential of QO =0, we obtain

dp(AS) _ p(AS)IT, (e,)
de, AITY

<0 (30)

Thus, the higher the legislative emission e, *7% is set by the regulator, the lower is the

critical probability value ﬁ(E) . There is a trade-off between the announced
legislatively set emission level and the commitment to a given legislation probability
value. Through stricter legislation, the range of legislation probability values that
induce participation becomes wider, allowing the regulator to achieve the stable EE

outcome by committing to a lower legislation probability.

5.1.2 Nitrate Pollution Stock and Participation Dependence of the
Legislation Probability
Assume that the subjective probability of introducing legislation depends jointly on

nitrate pollution deviation AS and the participation proportion x . Under

p = p(AS,x) and (1 1) the STCPS is defined as:

““As noted above, a target e; can be attained either through emissions taxes or emission limits. From

our assumptions it follows that HL (e 1 ) <0.
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0 = x(1 - x)[p(AS, x)AITY — ATTY ] 31)
£ =z(1-2)[g()AITY - ATT) ] (32)

S = n{x(AS)[ze, +(1-z)Ee, (q())]+ (1-x(AS))e,} —bS (33)

The fast time dynamic equation (31) defines two monomorphic S-S: x; =1 and
x, =0, as well a polymorphic critical point x;(AS)e(0,1) that is defined by

Q=[p(AS,x;)AIT} — AITY ]=0. The stability condition for these S-S is given by:

? = (1-2x)Q+ x(1-x)p (AS, x)AITY (34)
X

There is a critical probability value p(AS,x;) that sets Q2 equal to zero and
corresponds to the critical point x;(AS) . Furthermore if x<ux; then
p(AS,x)> p(AS,x;) and Q>0, while if x>x; then p(AS,x)< p(AS,x;) and
Q <0. Then,

dx

, — <0
xp =1 dx

>0 and ﬂ
dx|..

X3

dx

N
X,=0

The FTPS converges to the polymorphic EE x;, implying that only a sub-group of
polluting farmers participate in the public VA in the long-run. This happens because,

in the case of full participation, p(AS,1]AS >0)=0 holds, giving farmers an incentive

not to participate in the VA when participation is already high. On the other hand,

p(AS > 0,0)—) 1, giving farmers an incentive to participate in the agreement when

participation is very low.

These findings can be summarized in the following proposition:
Proposition 2: Under a legislative probability that depends jointly on the
participation proportion and nitrate pollution stock, the participation system

converges to a GAS polymorphic EE, implying partial participation in the public VA.

Partial participation is an ES strategy.

Furthermore,



dx _ p(AS. I (e) _
de,  p'(AS,x)(AIT})

(35)

Under the threat of stricter legislative regulation, the participating proportion

increases, shifting the polymorphic x; steady state upwards, closer to the full

participation critical point, x; =1. Therefore through proper design of the legislation

mandate the regulator can induce the majority of farmers to participate in the VA.

5.2 Compliance Decisions and Evolutionary Compliance

Equilibria

Assume that the regulator has set p(E) > ﬁ(A_S) and thus the full participation S-S

x' =11is an EE and an ES strategy in the fast time.”” We examine now the second
level of decision, which is to comply or not with the VA. Substituting the GAS steady

state, x; =1, the slow-time system is defined in general terms as:

= z(1-2)|q(z,AS,®,)ATTY — ATT" | (36)

S =nize,+(1-z)Ee, (q(z,AS,®,))} —bS (37)

The system has a hierarchical structure, if the audit probability ¢ is independent of the

nitrate pollution stock S, implying that the S-S and the stability properties of the
replicator dynamics (36) can be determined first and then used to determine the nitrate
pollution stock S-S of equation (37). In the following we examine how alternative
assumptions about the structure of the auditing probability affect the compliance EE

and nitrate pollution stock, given the full participation decisions.

5.2.1 Fixed Auditing Probability

"It makes no sense to examine the S-S when x, =0 is the ES strategy, since non-participating firms
are not expected to do "self-regulation".



Assume that the regulator is committed to a fixed auditing probability. Participating

farmers know exactly the probability ¢ under which they may experience profit
losses AIT), if caught violating the agreement. Based on this knowledge they choose
their evolutionary strategy of whether or not to comply.

Under this assumption there are two monomorphic S-S of the replicator dynamic
satisfying the equilibrium condition zZ =0 of (36), implying either full compliance
z; =1 or non-compliance z; =0 with the agreement. The stability condition is

determined by:

%:(I—ZZ)QD (38)

where @ = [EAH? —AITY ] There is a critical probability value Z that sets ®=0. In

particular, if g >Z then ® >0, and if g <Z then @ < 0. Thus the stability conditions

of the replicator dynamic become:

£7>q then 2| <0 and | >0
dZ zrzl dZ z;:O

If7<q then | 50 and Z <o
dZ ZT:] dZ z,=0

The S =0 isocline defines the corresponding nitrate pollution stock equilibrium. If

q >Z then full compliance, z; =1, is the EE with S; = (ne, /b), which is the desired

nitrate pollution stock level. If g < c=1 then non compliance, z; =0, is EE with
S, = (nEeL @/ b) > S7. In this case the nitrate pollution stock dynamic isocline $=0
is a linear curve with negative slope defined as:

bS§ __ ke (@

z(8) = - ——=
nie,—Ee (q); {e,—Ee, (q)}

where 4 <0 and B <0. The STCPS converges to a GAS monomorphic S-S.””"

The above conclusions can be summarized in the following proposition:

*"For details see the Appendix I11.



Proposition 3: Under a fixed auditing probability, the compliance-nitrate pollution
system converges to a GAS monomorphic S-S. If q €(q,1) then there is full
compliance with the public VA and the S-S z{ =1 is the ES strategy. If q € [O,q) then

there is non-compliance with the public VA and the S-S z; =0 is the ES strategy.
Furthermore,

d_az ;H,C(eL7F) <0
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The higher the non-compliance fine is, the lower the critical probability value Z is.””

Thus, by an appropriate choice of the fine, and provided that this choice is politically
feasible, the regulator can lower the number of random inspections and achieve full

compliance, as well as the desired goal E , with lower monitoring expenses.

5.2.2 Compliance Dependent Auditing Probability

Under an auditing probability which is dependent on the fraction of the complying

farmers, defined as ¢(z), z =1 and z; =0 are EE for (36). Furthermore an
additional EE z; e(O,l) may exist, which also satisfies the equilibrium condition
=0 . This S-S defines a critical probability value ¢(z;) such that
@ =[g(z;)AMY ~ ATV ] =0.

In this case the stability condition is defined as:

% =(1-22)® + z(1 - 2)q (z)(AITY) (40)
yA

Due to (10), it holds that ® >0 for z < z; since q(z) > g(z}), and ® <0 for z > z}

since q(z) <q(z;). It can be easily seen that the monomorphic EE of the replicator

dynamic are not asymptotically stable since:

*"This is the evolutionary analogue to Franckx’s (2002) result, which indicates that the only role the
fine plays is that when it increases, the equilibrium inspection probability is reduced.



E o 950 and E o0

dZ zr =1 dZ z; =0

Under full compliance the regulator may respond with a reduced or even zero number
of random inspections, due to condition (10). This gives participating farmers an
incentive to violate the agreement. On the other hand, under non compliance the value

of q(O) is sufficiently high, which gives participating farmers an incentive to comply

with the agreement's provisions. In this case, since

dz . i
- =z(l-23)q (23)AHZ<0

Z3

the replicator dynamic converges to a polymorphic EE, implying that only a sub-

group of participating farmers complies with the public VA.

For the S =0 isocline we have that S” = (ne, /b)< S; = (nEe, (q(0))/b), evaluated at
z; =1 and z; = 0 respectively, with

j—; =b/(nfe, - Ee,(q(2))+(1-2)(8q(2)/ z) (e, —¢,)})

Thus in general the S =0 isocline defines a non linear relationship on the (z,S5)

space, which could be monotonically decreasing, or have decreasing and increasing

. b
parts (sce Figure 8).”"°

As shown in the Appendix the S-S defined by the intersection
of z=z] and the §=0 isocline, with S} =n[ Zje, +(1-2;)Ee, (¢(2})) |/b, is unique

and GAS in the interval (0,1), with monotonic or oscillating approach dynamics.

Therefore, in this case the following proposition holds:

Proposition 4: Under a compliance dependent auditing probability, partial

compliance to the public VA is the ES strategy.

Furthermore,

’° Moreover, it is clear that dz/dSzb/n(ev—eo)<0 for z =1, while for z,=0 ,

dz/dS = b/ n(eL —e, +q'(z)(e, - eo)) is uncertain, which supports the potential existence of decreasing

and increasing parts for the S =0 isocline.



dF q'(z))AI]

Therefore increasing the fine increases the equilibrium compliance proportion and
shifts the polymorphic steady state upwards, closer to the full compliance critical

point. So under the appropriate adjustments of the fine, compliance in the left side

neighbourhood of z =1 is a GAS evolutionary equilibrium.
[Figure 8]
5.2.3  Emission Stock Dependent Auditing Probability

Assume that the auditing probability depends on the deviation from the established
environmental goal. In the slow time scale the observed emission stock and thus the

auditing probability g(AS) are no longer fixed. In this case the equilibrium condition
z=0 for the replicator dynamic equation (36) defines the two monomorphic S-S

zf =1 and z; =0, as well as a potential third one z € (0,1), determined by a critical

emission stock level S, such that @ = [q(Ag)AHg - AHS’]: 0.

The type of the evolutionary equilibrium for the STCPS depends on the relationship
between the critical emission stock level S, the full compliance emission stock level
S; and the non-compliance stock level S;. In this case the nitrate pollution stock
isocline S =0 is a non-linear, monotonic curve with negative slope,”’’ while the
critical emission stock level S corresponding to z =0 is a vertical line in the (z,S5)

space. If S; > § > S then the intersection of S with z=0 corresponds to z; € (0,1)

and the STCPS has three isolated S-S, while if S<S; <S; or §>8; >S5 the
STCPS has two isolated S-S (see Figure 9a). The properties of these EE are

summarized in the following proposition:

*""The slope of the pollution stock isocline S=0 is clearly negatively defined and equal to

dz/dS = (b—(1-2)q'(AS)(e, —e,))/nle, — Ee, (¢(AS)))<0.
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Proposition 5: Under an emission stock dependent auditing probability, the CPSTS

could converge to either a polymorphic or monomorphic compliance evolutionary
equilibrium. [f’g <8} <8 then there is a GAS full compliance EE, and z; =1 is the
ES strategy. If S| > S > S, then there is a GAS partial compliance EE and z; € (O, 1)
is the ES strategy with oscillating approach dynamics. 1f§ > S, >8] then there is a

GAS no compliance EE and z, =0 is the ES strategy.

For proof see Appendix I1I.

Furthermore since

d_§ 94 <0 (42)
dF q'(AS)(AITY)

the critical emission stock level declines with the level of the fine and the vertical
isocline moves closer to the full compliance emission stock level in figure 9b.
Moreover the polymorphic equilibrium point moves closer to the monomorphic
steady state point A, implying that with the proper design of the non-compliance fine

the regulator can induce a larger share of participating farmers to comply.

[Figure 9]

5.2.4 Joint Dependence of Auditing Probability on Compliance and

Nitrate Pollution Stock

Assume that the auditing probability depends jointly on nitrate pollution stock and the
proportion of complying farmers. Under g = g(AS,z) the condition Z=0 for (36)

defines two equilibria, z; =1 and z; =0, and a possible third one which is implicitly

defined by an isocline / (S) with the property:
z=1(5) : @ =|g(AS,2)(AIY) - (AITY)]= 0

and slope dz/dS =[-9¢(AS,z)/ 9S/0¢(AS,z)/ 9] >0, which reflect the farmers'

beliefs about the variability of the auditing probability value due to changes in the

levels of the state variables S and z. If participating farmers perceive that changes in
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the nitrate pollution stock can not affect the auditing probability value, then
0q(AS,z)/0S =0 and the auditing probability depends only on the compliance
proportion and the isocline is parallel to the horizontal axis as in case 5.2.2. If
participating farmers perceive that 0g(AS,z)/0z =0, then the auditing probability
depends only on the nitrate pollution stock and the isocline is vertical to the horizontal
axis as in case 5.2.3. Thus the case of joint dependency of the auditing probability on
S and z is a generalization of the two previous cases. It can be shown that the results
are similar to the more specific cases above and can be summarized in the following

proposition:

Proposition 6: Under an auditing probability with joint dependence on compliance
level and nitrate pollution stock, the evolutionary equilibrium of the CPSTS regarding
compliance could be monomorphic, or polymorphic with possible multiple steady
states. The type of the prevailing EE depends mainly on the slope and position of the
z= I(S) isocline. The flatter the isocline is, the more likely it is that the EE
equilibrium implies partial compliance, which is the ES strategy in the case of a
unique GAS evolutionary equilibrium. The more steeper the isocline is the more likely

it is that EE equilibrium implies full compliance as the ES strategy
For details see Appendix III and Figures 10 and 11.

The EE outcome can be further affected through the non-compliance fine, since it

determines the position of the isocline z(S). The higher the fine is, the more

participating farmers tend to comply with the VA. Consequently the regulator can
shift the isocline upwards, bringing the polymorphic equilibrium point closer to the

monomorphic steady state, through the announcement of a sufficiently higher fine F .

[Figures 10 and 11]
5.2.5 Compliance Equilibria with a General Legislation Probability

Under a legislation probability jointly dependent on nitrate pollution deviation AS
and participation proportion x, the EE steady state x;(AS) in the fast time implies

partial participation. To analyze the evolution of compliance and nitrate pollution
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stock we define the slow time system by substituting x;(AS). Therefore under (11)

the CPSTS is:
2= 2(1- 2)|g(z, S)(ATTY ) — (ATTY))] (43)

S = n{x; (AS)[ze, +(1-z)Ee, (q(z,5))]+ (1—x; (AS))e,} —bS (44)

Under p = p(AS,x), the nitrate pollution stock isocline z=k(S ) : $=0 could be a
monotonic curve with a negative slope or have increasing and decreasing parts,

depending on the type of the audit probability. In this case the S =0 isocline takes the

following general form:

w(z,8)=z- bS  x(AS)Ee,(q()+(-x(AS)e, | _,
’ nx; (AS)Ae; X, (AS)Ae]

e, Ee,(q(z.5)) = Ac;

As previously the EE (z*,S") of the CPSTS is highly dependent on the structure of
the auditing probability ¢ . Based on the conceptual framework developed in the

previous section we conclude that:

Proposition 7: Under a participation and nitrate pollution stock dependent
legislation probability and a fixed or state variable dependent auditing probability,
the EE equilibrium implies partial participation in the public VA and full, non or

partial compliance of the participating subgroup of farmers.

The CPSTS could be characterized either by a unique equilibrium or multiple
equilibria and irreversibilities, with the final outcome crucially depending on initial

” 278
conditions.””*

6. The Impact of Auditing Costs and Budget Constraint

on Evolutionary Equilibria

“"Only in the case of a fixed audit probability is the S =0 isocline clearly a monotonic curve with
negative slope and the CPSTS has a unique EE.

Passa P. Constadina 22/12/2007 190



In this section we explicitly introduce a budget constraint that determines a maximum
number of inspections. We assume that the available budget for auditing is exhausted
in each period and that it consists of two components: an amount K exogenously
determined by the regulator, and the sum of noncompliance fines F' collected from
participating farmers found in non-compliance after a random inspection.””” Thus the

budget is partially self financed and its level is determined endogenously. Particularly

under (11) the flexible budget for period ¢ can be defined as:
B =K, +q(z,AS,0_ )1-2)F

The number of realized audits and therefore the auditing probability are dependent on
the available budget of the regulatory body, implying that the auditing probability is
endogenous to the budget. An increase in the budget allows a higher number of
inspections and increases the auditing probability. Thus a more general formulation

for the subjective audit probability (11) can be written as: ~"’

q=4q(z,AS,B,0,) (45)

where ¢, >0 with ¢,, <0 and 0O<g, <1 . Moreover, we assume that
q= q(z, AS,0, oac)z 0, implying that no inspection can be conducted if there is not

available budget.
Under this definition the available budget can take the general form:
B =K, +q(z,AS,B,0 )(1-2)F (46)
orB, =B(K,S,z,F) (47)
In this case even if the auditing probability is regarded as independent of z,”"" it is

eventually dependent on the compliance proportion through the sum of collected

fines, since it is defined as ¢ = ¢(B) with B, = B(K,z,F) % After taking the total

*”The noncompliance fine F' is assumed to be fixed even though it could depend on compliance
proportion and/or the pollution stock.

“*"No assumption is made about covering the monitoring costs in the following period.
**'This corresponds to the case ¢ , as developed in the previous sections.

*The same holds under g = g(AS,B(K,S,z,F)) . In this case the CPSDS behaves as in the
q(z,AS) case.



derivative of (46), the relationship between the budget and the variables K, S, z and
F is determined. It holds that B, ,B, and B, >0 while B, <0, denoting that the
available budget increases either as K, F or AS increases and decreases as z

increases.

Under the budget constraint and the general definition of the legislation and audit

probability, (2) and (45), the CPSTS is defined as:

0 = x(1 - x)[ p(AS, x)(AS, x)AITY — AIT" | (48)
£ = z(1-2)[g()AITY — AITY] (49)
S =n{x(AS)[ze, + (1-2)Ee, (q())]+(1—-x(AS))e,} —bS (50)

Thus, the CPSTS behaves as in the case where g = ¢(z), or ¢ = ¢(z, AS). Based on the

conceptual framework developed in the previous sections we conclude that under a
flexible partially fine-financed budget constraint, the behaviour of the system is

similar to the behaviour under state dependent auditing probabilities.

The most notable difference between the present and previous CPSTS is that under
the flexible budget described above, there can be no commitment to a fixed auditing
probability and polymorphic EE are expected instead of monomorphic. Of course
since one component of the budget is exogenous, then commitment to a certain fixed

amount K is equivalent to commitment to a certain fixed auditing probability
To explore the impact of the exogenously amount K on the critical auditing

probability ;(B(K,z;‘,F )) and compliance fraction z of the GAS polymorphic EE

described in sections 5.2.1 and 5.2.2 respectively, we consider the following

derivatives.

dq(B(K.z},F)) _ aq(B(K,z;‘,F))a_B<0 nd 92 _ _OBIK
dK 0B oK dK  0B/éz

It follows that as the amount K increases, the critical audit probability value
decreases and the compliance proportion increases. The second derivative in

particular implies that as the amount K increases, the number of financially feasible



inspections increases, inducing more participating farmers to comply with the VA at
the equilibrium. Under these circumstances the polymorphic steady state z; shifts

upwards, closer to the full compliance critical point. However, full compliance can

not be achieved given the repelling property of the full compliance S-S.

7. Concluding Remarks

The purpose of this chapter is to analyze the long-run structure of a rural development
program, in the form of a public VA, regarding participation and compliance of
farmers and to specify certain characteristics that a VA should possess in order to
induce the majority of, or even all, polluting farmers to participate in and comply with
the VA. In this context we examine the evolution of participation in and compliance
with the public VA, along with the evolution of nitrate pollution stock. Individual
polluting farmers' decisions about whether or not to participate in and comply with the
VA were based on the evolutionary processes of comparing expected profits
associated with the different decisions, and were modelled by replicator dynamics

operating in fast and slow time scales.

The main finding is that the structure of the legislation and auditing probability, and
the levels of legislative emissions and non-compliance fines are the main factors
characterizing the evolutionary equilibria and evolutionary stable strategies. If the
legislation probability is fixed in fast time, and is set higher than a critical value, then
the equilibrium outcome is monomorphic implying that all the farmers participate in
the agreement. On the other hand, if the legislation probability depends jointly on
emission stock and participation proportion, the evolutionary equilibrium is
polymorphic, implying partial participation. In this case the regulator can lead the
equilibrium outcome sufficiently to full participation through the proper design of the
legislation mandate and particularly through the magnitude of the legislative

emissions €, .

By committing to a fixed auditing probability higher than a critical value, the
regulator can achieve full compliance of participating farmers. The same outcome can
be achieved under certain initial conditions when the auditing probability depends on

the nitrate pollution stock and the complying proportion. In this case however the



dynamic system describing the evolution of compliance and the nitrate pollution stock
can alternatively converge to a partial compliance steady state, either monotonically
or oscillating. Under certain conditions the compliance-nitrate pollution stock system
is characterized by multiple equilibria and irreversibilities. The introduction of a
budget constraint to cover monitoring costs, with partial financing through the
collection of fines, leads the compliance-nitrate pollution stock system to a
polymorphic evolutionary equilibrium, implying partial compliance of participating

farmers with the agreement's provisions.

In conclusion, the more complex the structure of the legislation and audit probability
is, the more likely that the evolutionary equilibrium is polymorphic, and depends
largely on the initial conditions. With no binding budget constraint regarding
monitoring costs, commitment to legislation and auditing probabilities along with
properly chosen legislative mandate and non compliance fines can induce full
participation and compliance with the public VA. If these conditions are not fulfilled
or the available budget is limited, then partial participation, partial compliance with
multiple equilibria and irreversibilities, and even fluctuation in the nitrate pollution

stock are possible evolutionary outcomes.
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PART III:
“Conclusions, Contribution to Bibliography
and Potential Extensions™

Undoubtedly agricultural activities are a decisive factor in the maintenance of the
viability and diversity of rural communities, landscape and habits, as well as in the
protection of the ambient environment. However despite the recorded beneficial
environmental services, European agriculture has been associated with a series of

adverse environmental effects, summarised in:

—  Loss of biodiversity, landscape diversity and quality, as well as deterioration

of important habitants.

—  Threats to high natural value farming systems and traditional forms of

agriculture in marginal areas.
= Degradation of soil, air and water quality.

Such pollution problems are also associated with uncertainty regarding the identity of
polluting farmers and the degree of each agent's contribution to total pollution,

resulting mainly from:
—  The stochastic influences that affect the fate and transport of pollutants,
—  The great number of static polluting sources, and /or

—  The regulator's inability to infer individual emissions from ambient pollution
levels or inputs used.

These features have classified agricultural pollution problems into the category of
non-point-source pollution problems, a fact that limits the range of feasible agri-
environmental policies and sets considerable restrictions in the design of an effective
interventory policy. Hence, even though regulatory intervention is justified by the
failure of the unregulated competitive market to induce farmers to operate in the
socially optimal way, the standard policy instruments - such as Pigouvian taxes,
tradeable permits and emission standards - appear to be inadequate to efficiently

handle NPS pollution problems thus turning the attention of policy makers to



measures that focus on other elements of NPS pollution problems that may be

observable, such as polluters' decisions or the consequences of their actions.

Over the last two decades a number of regulatory approaches have been developed in
the environmental economics literature, for dealing with such kind of NPS pollution
problems. According to the potentially available information set the following policy
schemes have been considered:
v Effluent-based schemes, where emissions, when it is possible for them to be
observed or inferred with some accuracy, are the basis for the design of

alternative instruments.

v Input-based schemes, where inputs which contribute to agricultural NPS

pollution are the basis for the design of policy instruments.

v Output-based schemes, where the basis for the instrument design is the

output of production processes contributing to pollution.

v/ Ambient-based schemes, where in the absence of information about the
farmers’ individual contribution to pollution, the ambient pollution levels

measured at receptor points are the basis for the instrument design.

v Mixed-based schemes, where both ambient and individual emissions are the

basis of regulation.

Even though environmental policy heavily relied initially on command-and-control
measures as well as market-based incentives, the non-point-source character of
agricultural pollution made necessary the development of new instruments. Indeed in
the last decade there has been a noticeable turn towards Voluntary Approaches, a new
instrument used in EU agricultural policies, which is considered to be a complement
to the conventional regulatory system since it combines both voluntary and mandatory
tools, where the basis for regulation is a voluntary agreement between farmers and
regulators with the ultimate purpose of reducing agricultural NPS pollution, such as

nitrates leaching pollution.

Although there is a considerable body of scientific work in the area of NPS
environmental regulation, the review of environmental economic literature indicated

strong reliance of the analytical regulatory framework of non-point-source pollution



problems on the standard theory of optimizing behaviour. Thus the assumption of
unboundedly rationality is used in modeling the agents’ decision to comply with
regulation or not, or to participate in a VA. Regulated agents are treated "as if" they
were consciously gathering all the necessary data to consider all possible alternatives
and thus solve a complicated problem in order to calculate the optimum response that
maximizes their payoff. However, little work has been done in the area of bounded
rationality and evolutionary imitation dynamics in modelling compliance and
participation decisions. In practice there is a finite limit to the amount of information
agents can possess and process. Boundedly rational players learn, imitate and adapt to
the strategies of others in light of payoff experience. Strategies with higher payoff
spread within the population at the expense of less successful strategies and the most
commonly employed dynamic systems to describe such mass action approaches are

the replicator dynamics models.
Given these observations the present study focuses on:

=  Voluntary Approaches as an alternative regulatory measure to control

agricultural non-point-source pollution problems, as well as

= Bounded rationality for the agents’ compliance and participation in VAs
decisions as an alternative analytical method designing regulation for

agricultural non-point-source pollution problems.

In the above context the Thesis:

=»  Assesses the effectiveness of existing public voluntary environmental
programs dedicated fully to the agricultural sector, as described by the

Nitrates Directive and / or the CAP reforms of the European Commission.

=»  Assesses and compares the dynamic behavior, regarding participation and
compliance, of a population of regulated farmers based on the alternative

assumptions of unboundedly and boundedly rational economic agents.

=»  Describes the design of optimal regulation under the optimizing and

imitation behavioral assumptions.

=»  Provides a conceptual framework for the proper design of a public voluntary

program and inspection mechanisms.



A review of the main points examined in each chapter of Part II of the Thesis is

presented below:

Chapter I:
Regulation of Farming Activities: An Evolutionary Approach

Chapter I examined the potential impact of restrictions on the degree of rationality of
decision makers (i.e. farmers) on the compliance incentives of a population of
regulated agents. It focused on a public program combining features of the Council
Nitrates Directive (91/676/EEC) and the agri-environmental programs of the second
pillar of CAP, in order to contrast the dynamics of the population of agents which
could be unboundedly or boundedly rational in their decision to participate and / or
comply with the program. In this context a problem of both arbitrary and optimal
monitoring effort selection was analyzed and further extended to allow for monitoring

capital investment decisions.

Under the considered public program individual farmers are required to restrict
nitrogen input usage to a predetermined level, while they are offered a subsidy per
unit of nitrogen usage reduction beyond this target. Compliance with statutory
performance standards involves profit losses, which can be averted by cheating, given
the non-point-source characteristics of agricultural activities. If individual actions (i.e.
nitrogen usage) remain unobservable to a third party, then individual farmers can
deviate from environmental requirements, thus receiving a higher payoff than the
compliant farmers. If such a noncompliant behaviour is detected, then a set of
sanctions is imposed making deviating farmers worse off in terms of payoff. Thus in
the decision to deviate farmers must take into account the impact of monitoring on the
structure of payoffs.

The effectiveness of the given policy framework to stimulate adequate compliance
incentives is affected by the magnitude of undertaken monitoring effort, as well as by
the perceptions that regulated agents form about its impact on the payoff structure.
According to the degree of rationality, regulated agents adopt either an optimizing or
an imitation behavioural rule in order to decide whether it is beneficial to comply with

the suggested nitrogen usage constraint. If agents are fully rational then they behave



as though they had perfect information about the impact of monitoring on payoff
structure and thus choose their individual strategy in an optimal manner. If agents
have limited information then the decision about whether to comply or not is based on
individual perceptions about the impact of monitoring and is adapted to the
information revealed via their interactions over time. Such passive decision making is
based on the imitation of the better-off performing strategy and is modelled by
replicator dynamics rule, where more successful strategies gradually increase their

share in the population at the expense of less successful strategies.

The magnitude of monitoring effort (and investment in monitoring capital) can either
be selected in an arbitrary way based on the alternative behavioural rule adopted by
farmers, or it can be selected in an optimal manner through the minimization of a
social cost criterion that is constrained by the full or bounded rationality rules. The
analytical framework developed within this section discusses the choice of monitoring
effort, as well as investment in monitoring capital which could stimulate long-term
compliance. The conceptual framework allows the determination and the comparison
of the equilibrium fraction of complying farmers, from a large population of
homogeneous farmers under, the alternative rules regarding the degree of rationality

and the selection of monitoring mechanism.

The analysis indicated that if the value of monitoring effort is chosen arbitrarily then
independent of the considered rationality degree, the population of regulated farmers
adopts a monomorphic behavior, involving either full compliance or full non-
compliance with established environmental requirements. To guarantee full
compliance the monitoring effort value needs both to be fixed and set higher than the
critical value, making farmers indifferent between the compliant and deviation
strategy under both behavioural rules. The only differentiation is the time occurrence
of the long-run behaviour since under unbounded rationality there is instant
convergence to the desired steady-state, while under bounded rationality there is
gradual convergence to full compliance. If undertaken monitoring effort is chosen
optimally then there is a modification in the long-run behavior of the population.
Under the conventional optimization problem, constrained by the optimizing
behavioural rule, the same monomorphic behaviour emerges, while if the social

welfare criterion is minimized conditional to the imitation behavioural rule, then a



polymorphic behaviour involving partial compliance of the population is very likely
as an evolutionary stable equilibrium. The occurrence of polymorphic equilibria
depends on the initial conditions of the problem. Finally, the dynamics of the
population display identical properties in the presence of investment in monitoring
capital, suggesting that the compliance incentives of a given population are affected
by the selection rule of monitoring effort, as well as by the alternative behavioural

rules regarding the rationality degree of farmers.

The contribution of the paper consists in

v" Contrasting the long-run behaviour of a population regarding compliance
with existing regulation under the traditional assumption of unbounded
rationality and the alternative assumption of bounded rationality as modelled
by replicator dynamics.

¥/ Combining a dynamic optimal control problem with proportional imitation
behavioural rule modelled by replicator dynamics instead of the

conventional optimizing rule.

The current chapter developed a generalized framework for analyzing the dynamic
behavior of a population of regulated economic agents operating in a non-point-source
pollution context under the presence of a monitoring and enforcement mechanism.
Suggestions for the proper design of the monitoring and enforcement mechanism that
guarantee at least partial compliance of the population are provided. Given that the
examined public voluntary environmental program displays many similarities with the
various EU rural development programs, the developed analytical framework can be
adapted accordingly to provide helpful insights for the proper design of the

monitoring mechanism considered in each case.

The generalized framework developed in the present chapter can be further employed
to assess the populations' compliance incentives with given environmental regulations
under a context of imperfect monitoring, in the sense that individual decisions (i.e.
emissions, inputs usage) may not be inferred correctly and a farmer may be

erroneously fined.”* Furthermore, the long-run behaviour of the farmers' population

*“For details see Malik (1993).



can also be analyzed under different imitation behavioural rules such as the average
profit principle and effective punishment principle, in order to detect potential
modifications in the qualitative characteristics of the resulting steady-state

[ 284
equilibriums. ***

Finally, it would be interesting to simultaneously combine, in an
optimal regulation problem, both the optimizing and the imitating behavioural rule for

different parts of the population.

Chapter II:
Modelling of Agricultural Behaviour under the CAP Regime:
Assessment of Environmental Impacts and Policy Effectiveness

Chapter II developed a conceptual generalized theoretical model of farming
behaviour embodying the basic reforms for the common market organizations and for
rural development, as prescribed by the first and second pillars of Agenda 2000. It
focused on the assessment of the impact of the different type of CAP measures on the
environmental performance of a population of homogeneous farmers through the
problem of a representative farmer independent of the assumed degree of rationality.
It also evaluated the effectiveness of the given reform to stimulate compliance of the
entire population with a predetermined social environmental target, by considering the
mechanism that provides the type of optimal CAP instruments which guarantee the
achievement of such a target, along with the type of interdependence characterizing

them, under the analytical framework of unbounded and bounded rationality.

Under the considered formal public voluntary program, each farmer is eligible for a
production subsidy and two types of direct payments, provided on the basis of
cultivated and set-aside land. Based on the horizontal regulation, direct payments are
conditional to environmental requirements (i.e. horizontal regulation) in the form of a
land quality and land usage standard. Environmental aims can also be attained through
secondary production choices that are partially financed through a rural development
program providing a set of subsidies per unit of established treatments. Given the
inherent free-riding incentives associated with the non-point-source pollution

characteristics of agricultural activities, direct payments and rural development

““"For details see Lipatov (2005).



subsidies are subject to the cross-compliance principle, a sanctioning approach
incorporated in the horizontal regulation that involves proportional penalties for
environmental infringements entailing partial or full removal of aid if deviation from

certain farming standards is detected after a random inspection.

The generalized nature of the developed analytical framework allowed the assessment
of the relative impacts of the various CAP regimes, as foreseen by the 1999 CAP
reform, on the environmental performance of a population of homogeneous farmers in
terms of equilibrium primary and / or secondary production choices, by evaluating the
optimality conditions of a given CAP subregime at the profit maximizing equilibrium
choices of an alternative regime. The compared CAP subregimes were characterised
either by CMOs payments (i.e. full coupling, partial and full decoupling regime), RD
payments (i.e. rural development regime) or by a combination of CMOs and RD
payments (i.e. extended full coupling, partial and full decoupling regime). Using a
non-linear system defined by the optimality conditions of the social planner and the
representative deviating farmer, the policy effectiveness of Agenda 2000 to induce the
entire population of unboundedly rational agents to adopt the socially optimal
production choices was discussed by defining, both in a static and a dynamic context,
the type of socially optimal Pillar I (and Pillar IT) measures, along with the type of
correlation characterizing them. Finally, given the assumption of bounded rationality,
the long-run viability of the 1999 CAP reform was assessed. The replicator dynamics
framework was employed to define the selection mechanism of optimal CAP
instruments and thus examine whether the current structure of the reformed CAP can
induce the majority, or even the entire population of farmers, to adopt the compliant

strategy.

The analysis indicated that direct payments and the compliance enforcement
mechanism may not be sufficient to induce deviating farmers to alter their production
choices and adopt a strategy approaching (or even matching with) the complying
strategy. Nevertheless, the incorporation of farming constraints and rural development
measures has enhanced the environmental performance of the regulated population.
Nonintervention is preferable on environmental grounds to intervention via
production subsidies, while the environmental performance of the partially or fully

decoupled regime can not be clearly inferred to be superior to the performance



resulting under the unregulated and full coupling regime. Even though intervention
via fully decoupled payments, both in the absence and in the presence of farming
standards, is environmentally preferable in terms of main production choices to
intervention via partially decoupled payments, when the set of production choices is
extended with secondary production choices the relative environmental performance

of the regulated population becomes ambiguous.

When considering both main and secondary production choices the environmental
performance under the initial CAP regime (i.e. full coupling) cannot be clearly
inferred as inferior to the relative environmental performance under its successor CAP
regimes, as described by the intermediate CAP regimes of partially or fully decoupled
payments and the ultimate CAP regime of rural development. In particular, even
though the full coupling regime involves higher usage of the main production choices
compared to the rural development CAP regime, their relative environmental
performance in terms of secondary production choices is ambiguous and can be
assessed only under assumptions. Similar are the findings of analysis concerning the
relative environmental performance of the full coupling regime compared to the
partially and fully decoupled CAP regime. Hence, under the developed theoretical
framework describing the structure of farming behaviour under the Agenda 2000
provisions, the perception of the European Commission that the transition initially
from the full coupling regime to the regime involving partial or full decoupling of
CMOs payments both in the absence and the provision of RD payments, and
ultimately to the regime involving solely the provision of RD payments, has induced
the population of farmers to restrict main and increase secondary production choices,
could not be verified with certainty implying that under certain conditions the old

regime can be preferable on environmental grounds its successors.

Finally, the assessment of optimum measures of CAP associated with common
markets organizations and rural development, both in an unbounded and a bounded
rationality context, indicated that it may be socially desirable on environmental
grounds to retain coupled payments, as well as extend the compliance enforcement
mechanism with a set of charges on the various aspects of farming activity such as
crop yields, land-usage, set-aside-land and / or secondary production choices. Given

that such measures are not foreseen in the current structure of CAP and that the



attainment of first-best aggregate land quality requires time-flexible policy
instruments, suboptimalities occur and both the effectiveness and long-run viability of
Agenda 2000 and Mid-term review CAP reforms is doubtful and dependent on

existing conditions.
The contribution of the current chapter consists in the:

v" Development of a theoretical model of farm activity under the generalized
regime of CAP provision, allowing via simplifying assumptions the

definition of the various CAP subregimes.

v Theoretical assessment and comparison of the environment impacts and the

long term viability of the CAP subregimes of the Agenda 2000 reform.

v Design of the optimal measures of CAP associated with common markets
organizations and rural development under unbounded and bounded

rationality assumptions.

The generalised conceptual framework developed in this chapter that can be further
employed to provide insights into the relative environmental impacts of regulation
with similar and conflicting features, as well as into the definition of the type of
policy instruments that make feasible the long run attainment of a collective
environmental target (i.e. abatement of greenhouse gases or livestock manure) or
nonenvironmental target (i.e. investment in productive R&D, reduction of

unemployment rates).

The theoretical framework can be further extended to account for more specific
features of the Agenda 2000 and Mid term Review such as the “carbon credit”
provided to non-food, energy crops grown on set-aside land, as well as the revised
cross-compliance principle that is designed to account for negligent and deliberate
non-compliance. The environmental performance of the farmers’ population under the
considered regulatory regime can also be assessed under the presence of uncertainty

shocks (i.e. floods) and lobbying pressures.



Chapter III:
Design of Public Voluntary Environmental Programs for Nitrate
Pollution in Agriculture: An Evolutionary Approach

Chapter III examined the joint evolution of the participation and compliance
incentives with the requirements of a public voluntary program, of a regulated
population in the presence of fast-slow selection dynamics in the occurrence of the
participating and complying decision. It focused on the development of a public
voluntary environmental program in the form of a rural development program of CAP,
on the definition of the factors contributing to its environmental sustainability, as well
as on the statement of general principles for the attainment of a desirable

environmental target both in the presence and absence of a budget constraint.

Under the considered public program a voluntary restriction of individual nitrates
emissions was offered to a large number of homogeneous farmers with the ultimate
target being the attainment of a predefined ambient pollution level. In the event of
limited participation of the population in the public VA, there is a deviation from the
target and a positive probability of costly legislation. Participation, however, does not
necessarily involve compliance with the program’s environmental provisions. Given
that the simultaneous verification of compliance status of involved agents is infeasible,
the regulatory authority detects non-compliant farmers via random inspections and
deters such deviating behaviour through fines. Thus there is a nonzero probability that
farmers participating in the public VA will be inspected and assessed a fine if found

not in compliance with environmental requirements.

Given the assumption of bounded rationality, regulated agents adopt an evolutionary
dynamic framework in order to decide whether to participate in and comply with the
provisions of the agreement. Such a passive decision making is based on the imitation
of the best-performing strategy in terms of payoff. To model modifications in the
composition of the population regarding participation in and compliance with the
public VA, the replicator dynamics framework is employed. It is also considered that
the participation and compliance decision evolves in different time scales. Legal time

constraints induce the participation decision to evolve fast, while the decision to



comply is unrestricted and evolves slow. Such fast-slow selection dynamics imply
that the evolutionary equilibrium composition of farmers regarding participation is

reached faster than the equilibrium composition of compliant farmers.

The developed evolutionary framework allows the joint determination of the steady-
state equilibrium fraction of signatory and complying farmers, as well as the
corresponding  steady-state ambient pollution. Analysis indicated that the
characteristics of the evolutionary stable steady states and their approach dynamics
are both affected by the value and type of the legislation and inspection probability, as
well as by the presence or not of a budget constraint. Under different assumptions
about the structure of the legislation probability, the fast system can alternatively
converge to a polymorphic or monomorphic steady-state characterized either by
partial or full (or zero) participation in the public VA. Similarly, the slow system can
converge to a steady-state characterized either by partial or full (or zero) compliance
depending on the structure of the inspection probability. The more complex the
structure of the considered probabilities is, the more likely it is that the evolutionary
equilibrium involves both partial participation and partial compliance. There is also a
possibility that the system experiences multiple equilibria and irreversibilities, while
the convergence to steady states can either be monotonic or oscillating. Full
participation and full compliance can be achieved if the regulator precommits to both
fixed inspection and fixed audit probability or through the proper selection of the
legislation mandate and noncompliance fine. The same outcome can be reached under
certain initial conditions and properly selected fines, when the audit probability is
dependent on the state variables of the problem. However, if such conditions are not
satisfied or the budget constraint is limited, then partial participation and partial

compliance is the possible evolutionary outcome.
The contribution of the current chapter lies in the fact that it:

v" Combines successfully into a unified analytical framework of regulation
design through VAs the notions of bounded rationality as modeled using the
proportional imitation rule and replicator dynamics, and the time-
differentiation in the decision making as modeled through the fast and slow

selection dynamics.



This chapter developed a generalized framework for analyzing the behavior of
regulated economic agents operating in a typical non-point-source pollution problem.
The methodological framework renders feasible the simultaneous evaluation of the
different motives of a large population of agents towards existing regulations, such as
voluntary environmental agreements. It elicits conclusions regarding the impact of the
various policy elements in the long-run evolutionary equilibrium composition of the
population, allowing the definition of policy implications for the proper design of

regulations.

The proposed public voluntary environmental program displays many similarities to
EU programs for the development of rural areas, provided by the CAP regime. Hence,
a form is provided for the design of rural development programs that guarantee at
least partial participation and compliance of the population, given the budgetary

restrictions of CAP.

In this generalized context the results obtained might provide some insights related to
the expected efficiency and long run outcome regarding participation in and
compliance with the EU Nitrate Directive (91/676/EEC). It seems that the voluntary
attainment of the Directive's target depends on the existence of a credible threat of
mandatory regulation which would imply implementation of action programmes and
extension of vulnerable zones. Crucial to the attainment of compliance is also the
existence of some non-compliance penalty, or some mechanism that will effectively
decrease the profits of non-complying farmers. Nevertheless, more precise analysis
and prediction regarding the long-run impacts of the EU Nitrate Directive, requires a
less general model that is however more specific to the directive structure and entails

the principle of non-compliance of aid.



Areas for Further Research

The current thesis deliberately focused on certain aspects of the agricultural pollution
problems and intervention in order to provide some insights about the potential
differentiation in the long run behaviour of a population of regulated agents under the
alternative assumption of unbounded and bounded rationality (Chapter [), the
environmental efficiency of existing regulations and the structure of the optimal
policy intervention (Chapter II), along with the structure of effective public

environmental programs and audit systems (Chapter [1I).

There exist, however, a number of noticeable features of agricultural pollution
problems and agri-environmental regulations that differentiate them from the
conventional type of pollution problems and policy intervention, which could be
embodied as further extension of the analytical framework developed in this thesis.

Hence, it would be interesting to consider areas of further research, which include:

v Uncertainty, given the fact that both the emission and production function

are affected by stochastic factors (i.e. weather, equipment malfunctions).
v The case of imprecise inspections and considerable budgetary restrictions.

v" A setting of incomplete information, dual information asymmetry and

heterogeneity by type or distinctive characteristics of polluting agents.

v A differentiated evolutionary context where each individual agent interacts
in each time period with two or more agents, such as the average profit

principle and effective punishment principle.
v A policy framework involving negotiated or unilateral voluntary approaches.

v A situation where lobbying pressures from regulated agents may influence

the policy parameters (i.e. monitoring, sanctions).

These could be considered as the subsequent step of ongoing research, which would
entail a more specific tailoring of the general concepts and mechanism developed in
this thesis to the structure of public voluntary programs designed for the European

agricultural sector.
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Appendices

Appendix I

The state-costate MHDS (18) - (19) defines three potential socially-optimal
equilibrium pairs (xl* ,/1:.‘), implying either full compliance (xl* ,/11“), noncompliance
(x;‘,/”t’;) or partial compliance (x;‘ ,/”t’;) with ND. To characterize the equilibrium type

of each steady state the linearization matrix J around each critical point is evaluated,

along with their traces 7r(J) = “ + as , determinants Det(J) = %d—S — %d_S and

dz ds’ dzdS dS dz
discriminants A = [T r(J )]2 —4Det(J).

The linearization matrix J is given by:

e | =2Q08) + X (=) 5 X (=x) G
QB -4 A-2x) LY p-(1-2x)UB) -4 (1-2x) L LY

It can be seen that:
e Full compliance (xl*,/ff)

In this case the Jacobian matrix is:

J*{—Q( ) 0

1 22:(2(,6’1*) p+Q< 1*)

B
ox

(xl*,ﬂ,]‘) are:

since o . =0. Given that QQ(f,")) >0 the trace and determinant around

ol

Det(J; )= )(p+ B )< 0 and T+(J} )= p>0

indicating that the full compliance steady state (xl* = l,ﬂ;‘) satisfies the saddle point
property.

e Full noncompliance (x;,ﬂ’;)



The Jacobian matrix is:
J*{ apg) o
*lazalg) p-ol)

B
Oox

since

Y 0. Hence, given that Q(/,)) <0 it holds:

3

X
X2

Det(J;)=-Q(B;)(p+Q(8;)) <0 and Tr(J;)=p>0

indicating that the non compliance steady state (x;‘ :0,/1’;) satisfies also the saddle

point property.

e Partial compliance (x;,/lz)

In this case Q(f"(xI,4})=0, . <0 and P o >0 if x] €(0,1/2), while

Oox

oA I*
op” . ) ) )
_8 o < 0if xj e (1/ 2,1). The Jacobian matrix around the polymorphic steady state

x 3

is given by:

S| BA=DFEY S0 GFEY
- A0-2x) B LY p-A(1-20) 2L Y

where the associated trace and determinant are given by:

* * * ap a :
Det(J3)=,ox3(l—x3 %a—’iY

T’”(J3)=p+£¥{x3(l—x3)a—i—ﬂ3(l

ﬁ }
If x; €(0,1/2) then Det(J;‘ )>0, while the sign of Tr(J; ) is uncertain. If the

structure of marginal social benefits and costs is such that the stability requirement:

op of”

<-A(1- 23),86/1

paxi-x LL y
6x



is satisfied and 7 r(J 3 )< 0 then (x3,4;) is a stable steady state and, depending on the

sign of the discriminant A, it can be a stable proper node (if A= 0), a stable improper
node (if A >0), while if A <0 it is stable focus. In the special case that T r(J;‘ )= 0
and A <0, then the polymorphic steady state is center.””

If x{ e(1/2,1) then the polymorphic steady state is a saddle point given that

Det(J;‘ )< 0, while in the special case that x; =1/2 then the dynamic system

experiences a nonhyperbolic point.

“For details see Xepapadeas (1997), pages 267-266.
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Appendix II

Table 1: The relative environmental performance of the CAP regimes g and /4 in

terms of input usage (x,) and labour usage (/).

A(x); = xg —x;, and A(D)F = g — (,

g\" 12 [3a|3b|4a 4b|5a 5b 6a | 6b Ta | 7b 8a | 8b

1 - =20+ - 2?2 = 2 0 + 0

2 O+ + + 0 + 0 + + + + +
3a + + + 0 + 0 + + + +

3b 27 + -0 -0+ 2?2 + 2?2+
4a + - 2?2 - 2?2 0 + 0 +
4b - = - - -0+ - 0™
5a + 0 + + + + +
5b -0+ ? + +
6a + + o+ o+ o+
6b ?7 + 7?7+
Ta + 0 +
7b - 0(+)
8a +




Table 2: The relative environmental performance of the CAP regimes in set-aside

terms (b').

A} = b = b,
N2 3|3 |4a|4b |Sa|5h | 6a | 6b |7a |7b | 8a|8b
1 + ? ? ? ?7  + ? ? ? ? ? 0 -
2 ? ? ? ? 0 - ? ? ? ? - -
3a - - - 2?22 0 - - - 2 2
3b 2 - 22+ 0=) 2 - 2?2 ?
da - 2?2 ? + 2 0 - ? 2
4 292 +(?) +(?) +() 0(=) ? ?
S5a - ? ? ? ?7 - -
5h ? ? ? ? ?7 -
6a — @ - - 2 2
6b ? - ?7 7
Ta - ? ?
7h 2 9
8a -




Table 3: The relative environmental performance of the CAP regimes g and / in

terms of input usage treatment (¢*), land usage treatment () and set-aside treatment

(™).

A@*)5,A(€)5 and A(#")§

g\" 12 [3a|3b|4a 4b|5a 5b 6a | 6b Ta |7b | 8a | 8b

1 |0 -0 - - - - - - - - -
2 o -0 - - - - - - - - =
3a -0 - - - - - - - - -
3b + 0 2?2 - 2?2 - 2?2 = 2 -
4a - --0- - - - --0
4b 2 - 2 - 2?2 - 2 -O
Sa - 0 - 0 - 0 -
5b + 0(-) + 0 + O
6a -0 - 0 -
6b + 0 + 0()
Ta - 0 -
7b + 0
8a -




Table 4: The relative environmental performance of the CAP regimes g and / in

terms of labour usage treatment (¢').

AEHF

g\V"|2 |3a|3b|4a|4b|5a|5b |6a 6b Ta | 7b 8a | 8b

1 /- --0-- - - -0 - 0 -
2 o -+?20 - 0 - 4+ ?2 + ?
3a -+ 2?20 - 0 - + 2?2 + ?
3b + + + 0 + 0= + +(™ + +(™
4a - - - - - 0 - 0 -
4b ?-M? - 4+ 0= + 0™
5a -0 - + 7?2 + 7
5b + 0(=) + +( + +
6a -+ 7?7 + ?
6b + + o+ 4
Ta - 0 -
b + 0(4)
8a -

where (1) unregulated regime (UN), (2) full coupling regime (FC), (3) partial
decoupled regime (PD), (4) full decoupled regime (FD), (5) extended full coupling
regime (EFC), (6) extended partial decoupled regime (EPD), (7) extended full
decoupled regime (EFD), (8) rural development regime (RD). Let (a) denote the
absence and (b) the presence of performance standards within the examined CAP

regime.
The indication (-) in Af(x),A%(¢) and A (tx),A',f (tc) , as well as in
Af (t'"" ) ,AF (té) tables, implies that regime % involves higher usage of the given main

and secondary production choices, while the same indication in A7 (bf ) table denotes

that regime % sets aside more land. If the indication is modified under the deviating
strategy compared to the compliant strategy, then the altered indication is shown in

parentheses.



Appendix III

In order to characterize the way the STCPS converges to the equilibrium the

linearization matrixes J around the S-Ss are defined along with their traces

r(J) = @ + as , determinants Det(J) = dzds _ d= ds and discriminants
dz dS dzdS dS dz

A =[Tr())] —4Det(J).

»  Fixed Auditing Probability

The STCPS is defined as:

z=z(1-z)| gAY - AIT)' |
S =n{ze,+(1-z)Ee,(q)} —bS

where @ = c?AHg — AHSJ and Ee, (q)=qe, +(1—-q)e,, and the linearization matrix

S (1-22)® 0
| nfe,—Ee,(q)} -b

with as <0 and as <0.Ifg >Z then “ < 0 for the full compliance critical point
ds dz dz

J 1s:

z; . Therefore Tr(J) <0, while Det(J)>0 . The discriminant A 2 0, | thus the

critical point z, can be a stable focus or node. The same conclusion holds for the non-
compliance critical point z; if g < ; [

»  Compliance Dependent Auditing Probability

The STCPS is defined as:

z=z(1-2)[ g(2)AIT} - AT |
S =n{ze, + (1-z)Ee, (q(z))} —bS

where @ =q(z)AII) —AITY and Ee,(q(z))=q(z)e, +(1—g(z))e, and the

linearization matrix J 1is:



_ (1-22)® +z(1-z) L2 AITY 0
nfe, — Ee, (q(2)) +(1-2) %2 (e, —e,)} —b

For zi =1, Tr(/) S0, Det(J)<0, for z;=0, Tr(/) SO, Det(J)<0, for
zt=z; € (0,1), Tr(J) <0, Det(J)>0. Thus z;, z, correspond to unstable S-S since
the matrix J has at least one positive eigenvalue. Then the S-S corresponding to z; is

GAS. Since the determinant of the linearization matrix does change sign in the

interval (0,1) the S-S (z;‘ .S ) is unique by the index theorem. Since the discriminant

A 2 0 the partial compliance S-S (z;“,S;‘ ) can either be a stable focus, or a stable

node.[]
»  Emission Stock Dependent Auditing Probability

The CPSTS is defined as:
z=z(1-2)| g(AS)AIT} - AIT)" |
S =n{ze +(1-z)Ee,(q(AS))} —bS
where @ =g(AS)AITY —AITY and  Ee, (q(AS)) = q(z)e, +(1-q(2))e,, and the

linearization matrix J 1is:

(1-22)® z(1-z) “ ATTY

— d.

| nle,~Ee,(q(AS)} n(1—2)“2(e, —e,)~b

with ﬁ,ﬁ <0 and &, 0 for ze(0,1), g(AS)AITY —AITY =0. We examine the
dS dz ds

linearization matrix at the following cases:

o z'=1, S§<S8'<8;, the CPSTS has two isolated S-S. Furthermore
g(AS) < q(AS7 )= ® > 0. Then Tr(J) <0 and Det(J)> 0. The S-S z; =1 with

S* =(ne, /b) is GAS. The S-S with z; =0 is not stable since Det(J) < 0.

o z:e(0,1), S; >S5 >S; the CPSTS has three isolated S-S. The S-Ss with z; =1,

z;=0 are not stable since for ¢g(AS)> q(ASl*):> ® <0, and for



g(AS) < q(AS;‘): @ >0, therefore Det(J) <0, at both z; =1, z; =0. For the

point z; € (0,1) we have ® =0 and 7r(J) <0, Det(J) > 0. Therefore the S-S at

Z3 is GAS for z € (0,1). Qualitative analysis of the phase diagram in Figure 9b
suggests that z; is a stable focus, implying that compliance and the nitrate

pollution stock fluctuate with the nitrate pollution stock converging to

S; = (n(zie, + (12} Ee, (¢,(A8))))/ b

o z;=0, S§>8>S’, the CPSTS has two isolated S-S. Furthermore
g(AS) > ¢(AS;)= ® < 0. Then Tr(J) <0 and Det(J)>0. The S-S z =0 with

S: =nEe,(q,(AS))/b is GAS. The S-S with z =1 is not stable since

Det(J)<0. O

»  Joint Dependence of Auditing Probability on Compliance and Nitrate Pollution

Stock
The CPSTS is defined as:
z=z(1-z2)[ g(AS,2)ATT} — ATT) |
S =n{ze, +(1-z)Ee, (q(z))} —bS
where @ = g(AS,z)ATL) — AITY, Ee, (q(2))=q(AS,z)e, +(1-q(AS,2))e,,
Ae] = (e, —e,), and the linearization matrix J is:

0q

z(1- Z)dq()AHN
e, Ee,(q(2)+(1-2) 4L} nle, ~ Ee, (g(2) + (1~ 2)40 et} b

dS

>
with d—>0 and — <0, dz < 0
das ds

depending on the assumption made about the

slope of the isocline S =0. Along the isocline z =(S) that determines the potential
z; S-S, the probabilities g(AS,z) satisfy the equality @ =0 . Every other

combination outside the isocline switches the sign of @ . In particular, since )

0z



and a—q>0 for combinations located on the right of the isocline we have

q(AS,z) > q(AS,z) and © >0, while on the left of I(S) we have @ <0 since
q(AS,z) < q(AS,z2).

Under a sufficiently vertical isocline z =/(S), so that the intersection of z =/(S)
with § =0 provides a z! in the non feasible region of z>1 to the left of the
(zf‘ =15/ ) point, the linearization matrix J around the S-S z/ =1 gives Tr(J) <0,

and Det(J) >0 since Z—g,d—s< 0 and §< 0. The full compliance EE is stable.
zZ yA

Since the discriminant A £ 0 the full compliance EE z can either be a stable focus

or a stable node.

Under a flat enough isocline z = /(S) so that the intersection of z =(S) with S =0

) . ) .. . . dz )
provides a z; € (0,1), the linearization matrix J around z; has d_ < 0. In this case
z

Tr(J) <0, while Det(J) >0, if C;—S <0, which means that the S =0 isocline has a
A

negative slope in the neighborhood zj. Then the (z;‘,S; ) S-S is an asymptotically

stable EE with monotonic or fluctuating approach dynamics. If the S-S is unique in

(0,1) then it is GAS and partial compliance is the ES strategy. If there is more than
one S-S in (0,1), resulting from an S =0 isocline with decreasing and increasing
parts, we expect locally asymptotically stable and unstable EE. Furthermore if

z; €(0,1) then the z; =1 and z; =0 S-Ss are not stable. []
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