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To TTapaTIavm cartoon dgv €XEl OXEON ME TO SIANUUO TWV QUACKIOUEVWVY, OV KOl
OEIXVEL TNV TTAIYVIOKI onuagcia Tou va To Ttailelg TPEAOC!



KAOGGOIKO HOVTEAO

To KAQOOIKO HOVTEAO TOU SIANMMUATOC TWV PUACKIOHEVWVY (prisoner’s dilemma)
TIPOLBAETIEL TIC aKOAoLBeC avtapolBec (Carmichael, 2005)

Matrix. 3.1 Prisoners’ dilemma

prisoner 2
deny confess
deny -1, -1 -10, O
prisoner 1
confess 0, -10 =b; =5

OTIOU KABE KATABIKOC ETIAEYEI AVAPETO OTNV OpMoAoyia (confess) Kal Tnv
apvnon (deny) ol d€ avtapoIfEC dEIXVOUV TNV TTOIVH TIOL TOUC ETTIRBAAAETAI O€
£TN @UAAKIONC.



locoppoTria ETNKPATOVCGOG GTPATNYIKNG

> TOV ETTOMPEVO TIIVOKO ONUEIWVOVTAL N ICOPPOTIIO ETUIKPATOVO U OTPATNYIKNC
a@EVOC Kal N 1oopporTrtia kata Nash agpetepou (LTToypaApUIon).

Matrix. 3.1.1 Dominant-strateqgy equilibrium of the prisoners’ dilemma

prisoner 2
deny confess
| 1 deny | -1, -1 > -10,0 |
PRE confess \l/ 0, -10 > -5,-5 \l/

To onUEIo 100PPOTTIAC ETTIKPATOVOOC OTPATNYIKNCG (TTOV Eival KAl ONUEIo
loopporTtiag kata Nash) dev €ival n KaALTeEPN duvatn EKBaon!

To diAnupa yia Toug TIAIKTEC €ival 0TI Ba pTtopovoav Kal ol duo va
e€00@OAIOOLY PEYOAUTEPN OVTOUOIBN €aV gV IAOLOOV!
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ATTOTEAECHOTIKOTNTA KOt Pareto

> TO TTIOIYVIO TWV QUACKIOUEVWVY, TO ONUEIO ICOPPOTLING OEV Eival
OTTOTEAECHOTIKO KOTO Pareto!

Pareto efficiency

® In a two-player game an outcome is Pareto-efficient if it is not
possible to improve one player’s pay-off without at the same time
lowering the pay-off of the other.

ALOTUXWC, €AV Ol TIAIKTEC TIPOCTIOB|OOUVY VO GUVEVVONBOUV WOTE VO
ETIIAEEOLV KOl Ol QLO TO TTAVW APICTEPA KEAI, AUTOUATO CUH@PEPEL KOl TOLC U0
KOAUTEPO VO TTPOOWGCOULV TN CUMPWVIA KAl VO AAAAEOUV HOVOMEPWC ETUIAOYT)!

To TIPOPBANua gival 0TI KAl 01 dLO AAAA{OLV OTPATNYIKN - dEV €ival N {wn)
TPOAYIKN;



CEVIKEUPEVO HOVTEAO

> € YEVIKOTEPN EKPPATT), TO DIANUUO TWV QUAOKICHEVWVY TIEPIYPAPETOI PE TNV
OKOAOLBON opoAoyid.

Matrix 3.3 Generalising the strategies as well as the pay-offs in the prisoners’ dilemma
player column

cooperate defect
(with row)
cooperate (with column) a, a b, C
player row
defect c, b d,d

cr>a>d>b

[MapatnpeioTe TNV KAAOOIKN BEwpNTIKI) 0poAoyia «cooperate» kal «defect».



MAPAAEITMA: €€0puén TteTpEAQion

OeWPNOTE PIO TIOVEPOPPN MOKPIVN TtEpIoXN (oav TNV AAAOKO) PE TTAOLOI
KOITAOUOTO TLETPEANIOL OTO LTIEAAPOC TNC (Bierman and Fernandez, 1998).
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MAPAAEITMA: €€0puén TteTpEAQion

ElcEpxeTal eTaIpEia TIETPEAAIOEIdWV OTNV TIEPIOXN (E0Tw OTI €ival n Shell).




MAPAAEITMA: €€0puén TteTpEAQion

H etaipeia €xel OUO TEXVOAOYIKEC ETUAOYEC: VO €E0PLEEL TIETPEAAIO LE AYWYO EITE
MIKPNC €ITE HEYAANC DIOPETPOV.

—10 -



MAPAAEITMA: €€0puén TteTpEAQion

Ta oXeTKG KOOTN (o€ ekatoppLpla USSH) €xouv w¢ aKoAoUBWC:

KOOTOC €€0pUENC
KOOTOC QVTANONG
2YNOAIKO KO2ZTO2
£0000

KEPAO2

2TEVOC AYyWYO(

DPapdlC Aywyo(

16 29
20 20
36 49
30 30
44 31

> UVETTIWC, TNV ETAIPEIC CLPPEPEL N EEOPLEN ME OTEVO AYWYO.

MEXPI TP, EXOVPE aTto@aco (Kal OXI TIaiyvio).

OAa KOAQ;
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MAPAAEITMA: €€0puén TteTpEAQion

Ox1 akpIfwC...

Aipvng, UTtaivel otnv Tieploxr 0eVTEPN £TaIPEin (€E0TW N Exxon)!
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MAPAAEITMA: €€0puén TteTpEAQion

H Exxon avTIPETWTTICEl TIC idIEC TEXVOAOYIKEC ETUAOYEC Kal XEL TA 0100 KOOTH
ue v Shell.

OUuMIC(OVLUE TO OXETIKA KOOTN (0€ ekatoppLupla USS):

2TEVOC AYyWYO( DPapolC aywyo(
KOOTOC €€0pUENC 16 29
KOOTOC QVTANONG 20 20
>YNOAIKO KOZTOZ 36 49
£0000 80 80
KEPAOZ 44 31

ATOMIKA, KOl TIC OUO ETAIPEIEC CLUPEPEL N EEOPLEN UE OTEVO OYWYO.

O, TWPa TO TIPOBANUA EXEI HETATPATIEI OE OTPATNYIKO TTAiyVIO!
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MAPAAEITMA: €€0puén TteTpEAQion

Ta KEPON TWV OUO ETAIPEIWV OE OAEC TIC TIIBAVEC EKBACEIC TOU TTAIYVIOU,
@aivovTal 0ToV 0KOAOLBO TTivaKa aviauolBwv (o€ ekatopuLpla USS):

Shell

OTEVOC QapoL(

OTEVOC 14 , 14 -1, 16
Exxon

PapdLg 16, -1 1,1
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MAPAAEITMA: €€0puén TteTpEAQion

EVpeon 100pPOTIIOC ETUKPOATOVOOC OTPATNYIKNG

Shell
OTEVO( @OPOLC
OTEVOC 14 , 14 -1, 16
Exxon >
PapdUC N 16,1 > 1,1

AnAadr) e€OAEIPOLUE TNV TLAVW YPOUME KOl TNV aploTEP OTHAN KOl
KOTOANYOUUE OTO KATW OEEIA KEAI.

—-15—



MAPAAEITMA: €€0puén TteTpEAQion

EUpeon 1ocoppoTtiog kata Nash

Shell
OTEVO( @apPdLC
OTEVOC 14 , 14 -1,/16
Exxon
@aPOLC 16|, -1 :

Kal TTAAL KOTOANYOUHE OTO KATW OEEIN KEAI, TO OTIOIO OTIOTEAEI ONEIO
looppoTTiac kKata Nash (Kol onueio 100ppOoTTiag ETIIKPATOVOOC OTPATNYIKNC).
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MAPAAEITMA: 31E0VEC EpTTOPIO

AV Kal TO OIEBVEC EUTIOPIO DIETIETAI OTIO TNV OPXN TOU CUYKPITIKOU
TTAEOVEKTHMOTOC (comparative advantage), ol KUBEPVNOEIC ETUBAAOLV
daopoU¢ (tariffs), TToL WPEAOLV TOLC EYXWPIOLE TIAPAYWYOLC OAAG BAATITOLV
TOUC KOTOVOAWTEC Kal Toug e€aywyei¢ (Carmichael, 2005).

AvTittoiva (retaliatory actions) 6a prtopovoav va €€EAIXO00UV 0€ EUTTOPIKO
TtOAEpO (trade war)!

Mo Ttapadeypd, to 2003 EAABE XWPO EUTIOPIKOC TIOAEPOC METAEL TNG
Evpw1taikng ‘Evwonc kal twv Hvwpévwv MoAItelwv tng APEPIKAG HE
O@OPUN Toug daouovg Ttou eTTERaAav ol HIMA otov eloayouevo XaAvBa (steel)
TIOPA TIC avTifeTeC cuoaTaoelg Tou Maykoouiov OpyaviopoO EpTtopiov
(World Trade Organization).

O1 EvpwTtaiol arteiAnoav pe daopoLg oTIC MOTOOUKAETEC Harley Davidson, ta
yuaAla Ray-Ban kal GAA0 ApEPIKAVIKA ayaBa!
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MAPAAEITMA: 01€0veC epuTtopio 1

‘Eva TETOI0 TTOIYVIO OTIEIKOVI(ETAI OTOV OKOAOLOO TTIVOKO OVTOUOIBWV.

Matrix 3.5 International trade 1

Rosatia
no tariff impose tariff
no tariff 10,10 -1, 15
Jesmania
impose tariff 15, -1 2,2

ATIO TIC OVTOUOIBEC, TIOPATNPOVE OTI Eival TIAIYVIO QUAOKICHEVWV.
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MAPAAEITMA: 01€0veC epuTtopio 1

KOTWwTEPW ONUEIVOUUE TNV I00PPOTIIA ETUKPOTOVOOE OTPATNYIKNC.

Matrix 3.5 International trade 1
Rosatia

no tariff impose tariff
no tariff 10,10 > -1,15
Jesmania -- —1 s |
impose tariff 15, -1 > 2,2

H eTKPATOVOEC OTPATNYIKEC TOLC 0dNYOLV Kal TIC U0 XWPEC OTNV ETUPROAN
OOOPWV VW Ba NTav KOALTEPO va cuveVWoNBOUV Kal va PNV Toug ETIIRAAOLV!

AUTO €ival TO KAQOGIKO YVWPIOHUO TOU TIAIYVIOU TWV QUACKIOUEVWV!
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MAPAAEITMA: 01€0veC epuTtopio 1

Kol KATWTEPW ONUEIWVOLUE TNV looppoTtia Katd Nash.

Matrix 3.5 International trade 1

Rosatia
no tariff impose tariff
no tariff 10, 10 -1.115
Jesmania + -
impose tariff 15] -1 2]z

TOo KOIVO ONnUEIO I00PPOTTIOG ETTIKPATOVOOC OTPATNYIKAC KOl I00OPPOTTIOC KATO
Nash d¢ev €ival armoteEAEOUOTIKO KAt Pareto yiati uTtapxel AAAN EKBaon OTIov
KOl Ol OLO TTAIKTEC £X0LV LYNASTEPEC avtapolIBec: {no tariff, no tariff}!
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NMAPAAEITMA: d1E0vEC epTTOpIO 2

2 TNV KOTWTEPW TIAPAAAQYI) TOL TIOIYVIOU TOL O1EBVOULC eUTTOPIoL, €EETAOVE
L0 PIKPEC XwpeC (Carmichael, 2005).

Matrix 3.6 International trade 2
Little Rosatia

no tariff impose tariff
Little no tariff 10,10 =1; 8
Jesmania |
impose tariff 8, -1 g 2

Ol avTapoIBEC aVTAVOKAOUV TO YEYOVOC OTI Ol ETUIAOYEC TWV OUO KPATWV OEV
eTtNPEeAlouv TIOAL T d1EBVI) ayopa.
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NMAPAAEITMA: d1E0vEC epTTOpIO 2

KatwTtepw €EETACOVUE TNV ICOPPOTIIO ETUKPOATOVCOC OTPATNYIKNC.

Matrix 3.6 International trade 2
Little Rosatia

no tariff impose tariff
Little no tariff /]\ 10,10 < -1. 8 /l\
Jesmania _ ) | |
impose tariff 8 -1 <& =2, 2

ETupeBaiwvetal 0Tt OeV CUHQPEPEL TIC MIKPEC XWPEC VO EUTIAEKOVTOI O€
EMTTOPIKOVC TTOAEHMOULC VIOTI €ival 0T dIABEC TWV TIHYKOGHIWV OyOPWV!

MapatnPOVPE £TTIONC OTI TO AVWTEPW TTIOIYVIO OEV Eival TIAEOV TTAIYVIO
(QPUAOKIOUEVV.
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NMAPAAEITMA: d1E0vEC epTTOpIO 2

TENOC, e&etadovpe TNV 1ooppoTria kKata Nash.

Matrix 3.6 International trade 2
Little Rosatia

no tariff impose tariff
Little no tariff 10J[10 -118
Jesmania
impose tariff 8,|-1 =2 B

ETupeBaicwvovial Ta TIponyoupEVa EVPAUATA.

‘ETO1, OLPTIEPAIVOLUE OTI Ol EUTIOPIKOI TTOAEUO! EivVal TIIBAVOI OVAUECO O€
LMEYAAOUC EPTIOPIKOLC eTaipoug (0Ttwe N EE kat ot HAA) aAAG aTtiBavol
OVAPEDO O€ PIKPEC XWPEC (OTIWC N EAAGda kot n NFAM)
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MAPAAEITMA: d1EBveC epTtopio 3

2 TNV KOTWTEPW TIAPAAAQYI) TOL TTIAIYVIOU TOL d1EBVOLC euTtopiov (Carmichael,
2005), Little Rosatia 6a ptmtopovoe va sival N EAAada kol Greater Jesmania n
EvpwTtaiki 'Evwon.

Matrix 3.7 International trade 3
Little Rosatia

no tariff impose tariff

no tariff 10, 10 -1, 8
Greater

Jesmania | impose tariff 15, 2,2
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MAPAAEITMA: d1EBveC epTtopio 3

EVpeon 100pPOTIIOC ETUKPOATOVOOC OTPATNYIKNG

Matrix 3.7 International trade 3
Little Rosatia

‘ no tariff impose tariff
no tariff 10,10 < -1, 8
Greater | _ \L
Jesmania | impose tariff 15,-1 <& 2, -2

> UUTIEPAIVOLPE OTI N MIKPN Xwpd (EAA&ON) dev Ba eTUIBAAEI dOOPOUC EVW N
ueEyoAn (EvpwTtaikn 'Evewon) 6a eTtAAEL.

Kal TtaAl TTopatnPrjoouVPE OTl, PE TIC AVTAMOIBEC OUTEC, TO AVWTEPW TIAIYVIO OEV
€ival TIAiYVIO QUAOKIOUEVWV.
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MAPAAEITMA: d1EBveC epTtopio 3

H 1coppoTtia kata Nash @aivotav Kal oTov apxIKO Tivaka dI0TI Ol BEATIOTEG
artavtnoelg (best responses) €ival UTTOYPOUUIOUEVEC.

Matrix 3.7 International trade 3
Little Rosatia

no tariff impose tariff
no tariff 10,10 -1, 8
Greater _
Jesmania | impose tariff 15, -1 2, -2

> UUTIEPAIVOUE AOITIOV OTI O€ EUTIOPIKOVE TIOAEPUOUC OVAUECO OE PIKPEC XWPEC
KOl HEYAAOULC OPYOVIOHOUC, daouoUC Ba TIIBAAOLY POVO Ol PEYAAOL
Opyaviouoi. AUTO akpPIBwWC Kavel Kal N EE attévavtl oTIC PHIKPEC XWPEC TOU
Tpitov Kéopov, ota mtAaiola ¢ Koivig AypoTtikng MoArtkng (Common
Agricultural Policy)!
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NMAPAAEIFMA: onuooia ayada

Ta artoAuta dnpooia ayada (pure public goods) €xouv XOPAKTNPIOTIKA TIOU
OEV TA £XOULV Ta ayaBd Ttov euTiopevovTal 0€ ayopEC (market goods):

H Ttapaywyr] evog dnNpoaciou ayoaBoU dgv PUTTOPEN VO XWPIOTEI 08 «HEPIBEC»,
TTOU TTPOOopPIdovTal YIa KABE pepovwPEVO KatavaAwTr) (non divisible).

H KatavaAwaon evoc dNUOciou ayaBboL aTtto Eva KOTOVOAWTH OV HEIWVEL
TN OLVOAIKI) TLOGOTNTA TTIOV Eival dlaBeaiun (non rival).

AnAadr], T0 TIPOCOETO KOOTOC TIAPOXNC EVOC dNUOCIOV ayabolL o€ evav
TIOPOATIAVG KATAVOAWTH €ival HNOEV.

ATIOE KOl TTOpAyETal Eva dNUOoIo ayaBo, OLOEIC KATAVOAWTAC UTIOPEI va
OTTOKAEIOTEI aTTO TN XPrion Touv (non excludable).

ATIOAUTO dNUOCIa ayaBd €ival TO PWC TIOV EKTIEUTIEI EVOC @APOC, N AULVA TIOU
TIOPEXOLV Ol EVOTIAEC OUVAMEIC KOl O KAOAPOC HEPOC TIOL OVATIVEOUE!

Onw¢ @aivetal otov ertopevo Ttivaka (Carmichael, 2005), n dnuooia TtaidEia
KOl N dNUOCIa LYEIA ival PIKTA dnuooia ayadd!
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NMAPAAEIrMA: dnuocia ayada

Table 3.1 Non-rivalry and non-excludability
Rival

Pure private goods
e Cornflakes
Excludable e C(Cars

® Chocolate

Mixed goods

Non-rival
Mixed goods
e PayperviewTV
e Toll bridges

® Private roads

Pure public goods

e State education
e Public health
Non-excludable ® Open access resources
such as ocean fishing fields,
city streets and town parks

National defence
Lighthouses

A clean environment
Very large national parks
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NMAPAAEIITMA: Ttpootacio TtEPIBAAAOVTOC

H olKovouIKr] Bewpia TIPORAETIEI OTI 1N TIAPOXN ONUOCIWV ayoBwV YiveTal KATA
TPOTIO TIPOLBANUATIKO AOYwW Twv T{apTtat{nowv (free riders), mtou
OTTOANUBAVOULV TNV TIAPOXH TWV dNUOCIWV ayaBwv XwPi¢ va TTANPWVOLV!

Matrix 3.8 Conservation
Community of Waremouth

conserve not conserve
conserve 25, 25 -50, 100
Community of
Arleston not conserve 100, -50 0,0

TO AVWTEPW TIAIYVIOKO HMOVTEAO OTIEIKOVIEL TO TIPOBANUA TWV dNUOCIWVY
AyoBwV UE CLUYKEKPIUEVO TIAPADEIYUO TNV TIPOCTACIN PO TIEPIOXNC IDINITEPOU
(PUOIKOU KAAOUC OTTO dLO YEITOVIKEC KOIVOTNTEC.
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NMAPAAEIITMA: Ttpootacio TtEPIBAAAOVTOC

> OM@EWVA KOl JE TOV TUIVOKO OVTOPOIBwWY, TO KOGTOC TIPOOTACIOC TNE TIEPIOXNC
gival 150 XpnNUOTIKEC HOVADEC EVW TO OPEAOC YIa KOBe Kolvotnta cival 100
uovadec (Gpa yia To dUVOAO NG KoIvwviag gival 100+100=200).

Matrix 3.8 Conservation
Community of Waremouth

conserve not conserve
conserve ‘ 25, 25 > -50,100 ‘
Community of
Arleston not conserve \l/ 100, -50 > 0,0 \l/

[MepIBAANOVTIKA TIPOLBAN AT OTIWE N pOTTOVGEN (pollution) Kat n peiwaon tNE
BloTtoikIAGTNTAC (biodiversity) TIPOKUTITOUV OKPIBWC ETIEIDN TIOAAEC XWPEC
OULUTIEPIPEPOVTAL WC TCOHUTTIOTINOEC, OTIWC TIPORBAETIEI TO POVTEAO TOU TTAIYViOU
TWV QUAOKIOUEVWV!
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MAPAAEIITMA: vTtepalievon

[MpofAruaTa TTapopoId PE Ta dNUooia ayada ugaviouv Kal ol Ttopol
OVOIXTHC TtPOoBaoNnC (open access resources) OTtwc ol TTANBuouoi Twv
Poapiwv otnv Notio ApEpIKr kat tnv Acia (Carmichael, 2005).

Matrix 3.9 Fishing game
Fleet Kippen

restrained fishing | unrestrained fishing

Fleet Cody

restrained fishing \L 100,100 ———> 25,150 \L

unrestrained fishing 150,25 ———> 30,30

AOY®W d0UNC AVTOPOIBwWVY OTIWC OTO TIAIYVIO TWV QUAAKIOUEVWY, TIPOKOAEITAI
uTtEPOAicvon (dNACON LTIEPPOAIKN EKUMETAAAELON). H KUKAOQOPIOKN
oup@opnon (traffic congestion) TTPOKAAEiTal YE TOV id10 TPOTIO.
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Hardin, G. (1968): The Tragedy of the Commons

The Tragedy of the Commons

The population problem has no technical solution;
it requires a fundamental extension in morality.

At the end of a thoughtful article on
the future of nuclear war, Wiesner and
York (7) concluded that: “Both sides in
the arms race are . , . confronted by the
dilemma of steadily increasing military
power and steadily decreasing national
security. It is our considered profes-
sional judgment that this dilemma has
no technical solution. If the great pow-

Garrett Hardin

sional judgment, . . .” Whether they
were right or not is not the concern of
the present article. Rather, the concern
here is with the important concept of a
class of human problems which can be
called “no technical solution problems,”
and, more specifically, with the identifi-
cation and discussion of one of these.

It is easy to show that the class is not

—-33-

What Shall We Maximize?

Population, as Malthus said, naturally
tends to grow “geometrically,” or, as we
would now say, exponentially. In a
finite world this means that the per
capita share of the world’s goods must
steadily decrease. Is ours a finite world?

A fair defense can be put forward for
the view that the world is infinite; or
that we do not know that it is not. But,
in terms of the practical problems that
we must face in the next few genera-
tions with the foreseeable technology, it
is clear that we will greatly increase
human misery if we do not, during the
immediate future, assume that the world
available to the terrestrial human pop-
ulation is finite. “Space” is no escape
(2).

A finite world can support only a
finite population; therefore, population
growth must eventually equal zero. (The
case of perpetual wide fluctuations
above and below zero is a trivial variant
that need not be discussed.) When this
condition is met, what will be the situa-
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