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Ttr onuaivet I[ToAvnAokotntTa oTnv

OwcoAovyig;
OwoovaTnuata. XIALxdes dAPOQETIKA €LON e
OLAXPOPETIKOVG TUTIOVG AAATAeTTOQAT V.

E&EAEN. H e€éALEN elval pa dtadikaoior auto-0QYAVwWong.
ITcog meonAOe 1 moAvmtAokotnTa TG Cwn)g and Atyoug
«ATAOVG» 0QYAVIOUOUG;

Awaxoutr) Aoylotikn eiowon. ATA& mTANOvopaka
HOVTEAQ ONULOVLEYOVV TTOAU TOAVTTAOKT) duvaLLKT).

IToAVmtAokeg oToxagtTikeg dtadikaoies. H duvapikn) twv
OLKOAOYIKWV TANOVOUWV €XEL XAQAKTNQLOTIKA O& OAEG TIG
KAlpaxeg (0ol 00pL0oG)

Yneg-ekOetikn avénomn. Avtr) N TOAVTAOKN OUVALKT)
TIQOKVUTITEL ATIO TIG AAANAeTIOQATELS
apoBatotntas/cvuPlworng.
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Avanagaywyn

Twoa aAAalovue amo dakELtd X0OVo oe ovvexr xeovo. H
AVATIRQAYWYT] YIVETAL CUVEXELX, XQX TIQETIEL VX TTAQATI|QOVUE
10 ovotnua ovvéxeta. Kortalovue tnv aAAayn mAnOvouov,
AN, a0 to t ewg t+At (o€ PO At).

AN

—=(b-u)N

A DTN,
2to 0010 (At=0) N mponyovuevn eElowoT] yiveTtal
dLXPOQLKT] eElowOoT):

iN__
dt

rN

EOw b kot p etvat oL grrypaiot aplOpot twv yevvrjoewv
kot Oavatwv (0L oL etrjotot apLouot)




[TAnOvouog, N
log N

To mpodtuvTo ™G exOeTKNG avéNonc PelokeTal CLXVA OTIS
TIOAY UATIKEG OLKOAOYIKES XQOVOUELQEG.



[Tagaderyua: o fogetog Ga)\aamog a)\&pav'tag

O Bopetog BaAaoolog eAépavtag
(Mirounga angustirostris) TaQaAtyo
va eEapaviotel (1884 — 1892) amd
t0 KuvN YL To 1922 dpwe pa
amowcio pe 350 atopa PeeOnke
oto Me&wko. To 1957 vrrjoxav
13000 atoua.
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IVkvoeCaptnon

2TV TUKVOEEAPTNGT TO 7 ECopTdTon 0td T0 N Ue amoTEAETUOL
0Tl TEPLOPILETUL 1 ADENGT TOL TANOLGLOYD.
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AOYIGTIKO LOVTELO GE cuveyT ypOvo tov Verhulst, 1838
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ExOetucn

AoyloTikn

To G1yroe1déc TpOTLTTO TG AOYIGTIKNG AENGNG OV PpickeTan
TOG0 GLYVA OTMC 1 KOETIKT aEnon.
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—— P. aurelia
——== P caudatum

Apnryeic KaAMEPYELEC ALEAVOVTOL GOUPMOVO LLE TO GLYUOELOEC TPOTLTTO TG Koywum?zc,
avENong



gpevval £Yel 0elEeL OTL TO
nepAALov dev gival o€
«1GOPPOTTLLL.

Xpovog



ALOKPLTO AOYILOTIKO HOVTEAD

KatdAAnAo yio 0pyoavicolg HE O10KPLTE YEYOVOTO aVATopoymYNC (TT.Y.

EVTOLLOL)
dN N, ,—N rN°
=~ 1+ t=rN — _ AN
dt At K N, =N, +rNAt- A
= (1+rADN, — (i"j N?
K
N, =R0Nt[1—&j
Nt+1 — RONt N Q
9,

Xepp = 4X; (1 - 'xt)

['a Ro <1 : Meiwon minBuopov =2 0. [Na 1< R, <2 : O mAnBuouodg cuykiiver pio
otabepn| wooppomia, N=K. mov Aéyetal «n pEpovca tkavotnta» omov K = Q(1-1/R,) Ro
>2 : H iooppomia eivor actadne. [loapatnpovue kOKA0OLS, TOAVKLKAOULC 1) YAOG



[MukvoecapTtnon: I'pagikr Auon

IIEPITAOKES OVVOUIKES: KUKAOL, YO.0G

O Robert May £o€1&e to 1976 011 avT) 11 AOY1IOTIKT EEICMOT UTOPEL VO GOUTEPLPEPETOIL
1e TOAV mepimAoKn TpOTO, OTaV T0 R,y yiveTan peydlo

Nl‘
0

Nt+1 :RONt 1-

Nature Vol 261 June 10 1976 459

— — ey —

review article
Simple mathematical models with very

complicated dynamics
Robert M. May*

First-order difference equations arise in many contexts in the biological, economic and social sciences,
Such equations, even though simple and deterministic, can exhibit a surprising array of dynamical
behaviour, from stable points, to a bifurcating hierarchy of stable cycles, to apparently random
Suctuations. There are consequently many fascinating problems, some concerned with delicate
mathematical aspects of the fine structure of the trajectories, and some concerned with the practical
implications and applications. This is an interpretive review of them.
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Mropet va mopayel KOKAOLG, TOADKLVKAOVS Kol YOG






2.€ Eva TTpoo@arto epwtnuatoAdyio Tou BBC, n AoyioTik ECiowon
xapaKTnpl’oTnKe WG MIa atro TIG 12 TTI0 «OUOPPEC ECICWOTEIC> .

....... v.bbc.co.uk/earth/story/20160120-you-decide-what-is-the-most-beautiful-equation-ever-written

EE Q Sign in News Sport Weather Shop Earth Travel More

Home British Wildlife Life through the Lens Nature's Wonders Earth on TV & Radio

The Dirac equation
Riemann's formula
Pi

|/ The Euler-Lagrange equation
Beautiful Equations to

The Yang-Baxter equation

R ! Euler's identity
The Big Questions | Mathematics

You decide: What is the most Bayes's theorem
beautiful equation? The wave equation

Einstein's field equation

We asked a group of mathematicians and physicists to tell us their
favourite equations. Now you get to decide which is the best Related S Th |
e 0g|st|c map
[IMpe 9 6¢
npe n SGT] ° n “ A "simple" arithmetic progression

U TN v
Hamilton's guaternion formula

Votes 65,060
— nl.....- e

http://www.bbc.co.uk/earth/story/20160120-you-decide-what-is-the-most-beautiful-equation-ever-written



[Toaypatikoi mAnOuvopuot

H Bewpia g 1ooppomiac kot 1 Aoylotikn e€locmon cuvnlmc ogv ekPPALovy TNV
TPOLYLLOTIKT] OVVOLUIKT TOV QUGIKOV TANOLGU®V;

T T T T T T T T T T T T T T T T T T T T T T

0 50 100 0 50 100 0 50 100 150

I'kpila mEPOKa, I'kpilog MKog Koavaowog Ayyoag
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Solution: weaning from ideas of fixed mean
And variability. Instead work with mean and
Variance for a given timescale
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Global Human Population
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1970 Malthus Reloaded

2T1C apyEG Tov 70 onuoctevdnkay pueptkd onuovtikd Piiia yio tnv
AVOVEMDGCT] TV TPOEOTOMGEMV ToL Malthus.
D I

{ e Popiilation
. Bomb

ile you are reading these words
four people will have died from starvation.
Most of them children.

O avOpwmog TANcLalel Ta OpLa. TOV
wpoPAEnovtal and tov Malthus. IIpénet
VOl OVTILETMOTIGEL ETELYOVIWOC TO
TpOPAN LA TOV VITEPTANBLGLOV Kot TNG

TO
GROWTH

VITEPKATAVAADONG Y10 VO GTOUATIGEL {%
TV vtoPadcn Tov TEPPEALOVTOC




1975 Economists Reply

Economists railed against Ehrlich and the Club of Rome.

e “Measurement without data” William Nordhaus

 “Worthless as science... makes no room for everyday market forces”
Robert Solow
“A Iimit may exist but it can be neither defined nor specified in
economic terms”’ H. Barnett and C. Morse

JULIAN L. SIMON

mﬁma're
REOUNCE

.
g ‘, 3 iees. Natural resources . ... pollution|
o ’,

2, ... world's food supply.. . .

é £ prasstires of population growth:
= - ... Every trend in material|
human welfare has been

ettt )
improving—and promises to
v continue to do so, indefinitely.
H
@01
{e] Qe \ : [With an Appreciation by Milton Friedman]
b A
channel.ty X Vo N

Julian Simon




1980 Ehrlich-Simon bet

“If you will pay me the current market price of $1000 or $100 each, of any
standard mineral or other extractive product you name, and specify any
date more than a year away, I will contract to pay you the then-current

market price of the material.
How about it, doomsayers and catastrophists?” Julian Simon

imon bet that the material’s price
would be lower than it was in 1980

I'll see you in

5
» Sabin, P,, “The bet: Paul Ehrlich, Julian Simon, and our gamble over Earth's future’’, 2013. Yale U.P., ISBN:978—O—3020—17648—3
* Halley, J. M. (2016), Preaching for the Planet or Just Spinning Our Wheels. Conservation Biology. doi:10.1111/cobi.12761).




1990 Niknoe o Simon

. — Aluminum
Metals Price Index

2000 =100 = Copper

Chromium
Manganese
oteel

== Nickel

= Tin

= Tungsten

Zinc

Source: USGS: Historical Statistites for mimerals commodities
http.fminerals.usgs.gov/ds/2005/140/

* ’'Emecav OAEC O1 TIUEC.
Nikn yia tovg «Owovouordyovs» — Nrta yio, 1oL «OtkoAdYoVS»

Meydan petafAntotnta 6€ TIHEG — UNTTOC TOY TUYEPOS 0 Simon ?




Ooco avéaverar o IIAnOvouog — T060 avéavetor N

KOLVOTOULO,

To emmixeipnua Tou Julian Simon BacieTal o€ GnUAVTIKI £PEUVA ATTO OIKOVOUOAOYOUC.
[.x. Ester Boserup, Simon Kuznets ...

N

Food Supply

Total / q\
Population \

iy S
Ester ¥Boserup

(Photo courtesy of Ivan Boserup)

Kuznets

AlmoTOGOY OTL GE OIUPOPEC TEPITTOGELS 1 AWVENCT) TOLV AVOpOTIVOL
mAnOvoov dgv 0oMyNGe o€ avénon e etoyeos. H Boserup cuykekpiuéva
VTOGTNPIEE OTL 0 TANOVGUOC KaBopilel TV AYPOTIKY TAPAYDYT
(BeAtiopévec ueBooot) mapd N aypoTIKY TOPAY®YT TOV TANOLOUO



Onog ...
O Diamond o10mioT®VEL

OT1 TOAAOL O1OLPOPETIKOL
TOAITIGLLOL KATEPPEVCOY

TNV QKUY TNG ECEMENC
TOLC.
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To Nnot tov Ilaoxa

ETIOLKLOHOG TOL VNOLOU
KOQU@WOT] TOL TTOALTIOHUOV
ATIWAELX TWV dACWV
teAevtalo ayaAua
KATAQQELOT TOALTIOHOV
aplEn Evpwnalwv
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Human population (log scale)
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Simple taxonomy of critics
and supporters of Malthus

Simon claimed the Universe 7
as the only real population ,’

simple forecast

limit /
/
> A
L2 7
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&, \
' As growth only e.‘_QO// \
A | accelarated, Qe" P “_1
Boserup showed RV, 4 5
'
o, how technology e 1 G
- Sl cheated Malthus” 'S
- = N \©

Malthus foresaw
7 control through

suffering of rising
populations

Vg Ehrlich expected (& still

\ expects) a classical

N Malthusian catastrophe
Malthusian ~

N\
catastrophe ~

Diamond has
shown that other
civilizations
collapsed at the
peak of their
advance

We are about here

Time



Doomsday: Friday,
13 November, A.D. 2026

At this date human population will approach infinity
if it grows as it has grown in the last two millenia.

Heinz von Foerster, Patricia M. Mora, Lawrence W. Amiot

Among the many different aspects
which may be of interest in the study
of biological populations (1) is the one

4 NOVEMBER 1960
1292

tion and has to be excluded from the
population count (“death™).
Under conditions which come close

rate of change of N, the number of
elements in the population, is given by

%zwﬁ'—ﬂ.h{:a@ﬂf (1)
where a» = y» — fb may be called the
productivity of the individual element.
Depending upon whether a. = 0, inte-
gration of Eq. 1 gives the well-known
exponential growth or decay of such
a population with a time constant of
1/a..

In reality, alas, the situation is not
that simple, inasmuch as the two param-
eters describing fertility and mortality
may vary from element to element and,
moreover, fertility may have different
values, depending on the age of a par-
ticular element.

To derive these distribution func-
tions from observations of the behavior
of a population as a whole involves the
use of statistical machinery of consider-

1291
SCIENCE, VOL. 132



Global Human Population
(Billions)




d¢povoa Ikavotnto

§E~:WN(K—N)
dt

Icoppomia: 0 TANOVGUOC 0ev aAAGCeL OTav N=K.

But Suppose K is dependent upon technology etc .

K ~N°

Here assume 0>0. Now the equation is

dN
Sy r'(aN1+5 _Nz) ~ bN1+5
dt
At large values of N. The solution is

N,

N =
{/l—atNoa

32



Finite-time singularity

At large values of N. The solution is

N = N,
{/l— atoN,
The population = o at:
1
[. = 5
aoN,

This means that the population becomes infinite at a finite
time, hence this 1s a finite-time singularity. There should be
a regime change at 7,. When 1s this? In our lifetime? 33



Ynrep-ekOeTIKN 0vinon

(Hyper-exponential Growth)
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I'a Tov TAn0vopo

t =2026

I'o v owkovopuio,

t =2052+10

A. Johansen & D. Sornette, "Finite-
time singularity in the dynamics of
the world population, economic and

Financial indices", Physica A 294
(2001) 465-502



Ta evonuata tov von Foerster, twv Johansen kat
Sornette kat AAAwvV Oa umogovoav va etval EAKLVOTIKG,
aAAa dev voBetONKAV ATTO TOLG OLKOAOYOUC.

o Anuoyoa@kn petafBaocn tov TANOvouov to 1965
* BuawoOnola g katnyopLeg Yix KAtaoTQoOPoAoYyLx
* MeyaAo péQog Tov €Qyov ota TteQLOdKA Puvokng

* Aev PaciCovtal oe OepeAwdels mAnOvopiakeg
OLXOLKAOLES

35



To meoPANua magauevel
Ymep-exOetkn avénor (YEA) dev pmoet va
oUVEXLOEL OE EVAV TIETTEQROMEVO TTAVITN

Ouwe n YEA ovvexlotnke (Yix TNV OlkovVouia Kot
Tov TANOvouo) otov 200 alwva

[TIapadooiaka OlKoAOYIKA HOVTEAQ TTAT|OVOULAKOV
eAeyxov (1t.x. Logistic) dev mpopPAemovv/
ovumeQtAappavovvuv YEA

Avalntw mAnOvouaka povteAa ue YEA

Tétowx povreAa mpémer va eQuAapuavouv
Olxdikaoieg (T.X. KawvoTopila) Tov cvinTOnKav

A TIO TOUG OLKOVOUOAOYOUG
36






IIAn0vopoko povréro Tov Kapkivov

Y apyovv
OLOPOPETIKOL
KAMVOl GTOV
KOPKIVIKO OYKO

Habitat of species

interaction with predators, competition
with other species, exposure to the local
climate, availability of resources, efc.

Interaction with the immune system and
microenvironment, exposure to treatments,
genotoxic and non-genotoxic stress, efc.

wsjueBio Je[n||30-NW B UM 3nSs|L

O1 KA®VOol avtaymviCovtot
Y10 TTOPOVG, OTTMG
avToyviCovtol ot
OPYUVIGLOL GE Lo
O1TKOAOYIKT) KOWVOTNTO!




The problem of telomerase ...
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Xpovoc (netaAAaéerg)

Papadopoulou, A., Trangas, T., et al. Telomerase activity and genetic alterations in primary breast
carcinomas. Neoplasia, 5, 170-178, 2003




H Movtelonoinon tov Kapkivov

dd_?: r(l—4y)A
dT
dr
ds
E_

=ar,A +

r.(1—u )T

br,u, T +

ree(l1— )8

“Ynep-
KopKivog”’

1o
LOYVPOG
KAWVOC

Emotpoen

“Kavovikog
KopKivog”

1o
000VaUOg
KAVOG

1o
000VaUOG
KAWVOG

Odvatog 1 apyn
avénon

Halley, J.M. and Trangas, T., et al. (2015). “A evolutionary-ecological model for telomerase activity in primary
breast carcinomas”, In prep.




H Movrehlomoinon tov Kapkivov

Z: r(I—u,)A

dT

— =ar,iyA + r(1—-u )T

ds _

dr
1.2

“Yrep-
KopKivog”

brou,T + reec(l—u,)S

1o
Emiotpopn 1oYVPOS 1.0
KAVOG

0.8

ITio “Kavovikog
14 4 99
000VOUOG KOPKIVOG
KAWVOG

0.6 Slow

Telomerase
"Super"
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1

0.2

Odavatog 1 apyn 0.0
oo Time
Halley, J.M. and Trangas, T., et al. (2015). “A evolutionary-ecological model for telomerase activity in primary
breast carcinomas”, In prep.




Anuovpyia YEA

“Super”
Cancer

Better
clone
Returns

“Regular”
Cancer

Poorer
clone

Death or slow
growth

Ynep-exOetikn avénon

Relative concentration

Slow
Telomerase
"Super"




Avénon tov Kapkivov

Meypt va aviyvevBet o Kapkivog, n vrep-eKOETIKN
@don £xel cuVNOmC TEAEIMGEL




ALOELOIKES OAANAETIOPUGELS

Consumers

O tAnObvcuot ogv
VTTAPYOVV LOVOL
TOLC.

Bpiokovtou €
LEYAAD TPOPTKAL
OiKTLA.

To emopevo Prua,
OLmG elval va,
KOITACOVE TIG
GYEGELC AVAUETOL
OVO €107.




ALOELOIKOC OAANAETIOPUGELS

Av vapyel AAAO €100¢C oTNV 181(1 TEPLOYN UTOPEL VO VTTAPYEL

I1An0vopnog ITAn6vopog
A B
N atopa M droua

OLOELOLKT

ETLPPON
Boccm(n

LD EVOOELOTKOC

AVTOYOVIGUOG



["eVIKEC DIAEIDIKEG AAANAETTIOPACEIG

B
[TAnOvopog = M,

A
[TAnOvopog = N,

B emmpedlel A
OPVHTIKO
(a>0)

am _ [ M ’ A ernpeatet B
yralakl K. APVHTIKA
( >0)

Eom, n oyéon avauesa og A ko B elvat avtayovietikn -
EMIOPAIGT] TOV EVOC GTOV AAAO TAVTO EIVOLL OLPVTTIKT]



I'evikeg OLaetdikég aAANAemIOQACELS

A
[TAnBvopog = N,

[TAnOvopoc = M,

B

Tomog Alnienidpaon IMopaocrypo
OAANAETIOPOOG
— = ApvnTikn ylo ta 0V0o €ion | AVTOy®@VIGHOG
+, — Otk Y10 £va, €100G Kot Onpevon
OPVNTIKT Y10 TO GALO dvtopayio
[TapactTiopog
+, + OeTikn Ko yio to ovo gion | Xvvepyacio-ZvpPioon

Yrdpyovv kou o nepImAoKES AAANAETIOPAGELS (.. EUUECOS OVTOYWOVICUOS, «0 £x0pOC TOV
exOpov pov gtvar iAog Lov», KAT.) 6oL SVO 10N AAANAETIOPOVY LEG® £VOC TPITOL £100VC




2VGTNUATO TOTOV (+,-) cvumeptiaufdvouv Onpevon,
QLTOPAY1O, TOPAGITIGLUOGC, CUGTNUATO LLE TTOPOUCITOELON

B
[TAnBvouog = M,

A
[TAnOvopog = N,

O AnBvouog tov Onpevtn
aN. — N EMNPEACEL OPVHTIKC TOV
dt tAndvoud Tov ONPAaNATOC
AM O AnBvceuog Tov
T M Onpdpotoc ennpedlet

Oetixo, Tov TANOBLGUO TOV
Onpev






O eélowoeic Lotka-Volterra

dN

Onpapo; I (r=¢P)N ...(1)
dP

Onpevtrc: Pl (=y+oN)P ...(2)

Omnov C, r, y xou 0 eivon Oetikég otabepéc

e AmAomomuévo LovtELO Yo Onpevon
e Ileprypdoet Pactkn coumeppopd T0L TANOVGUOV (OLVOLLTKA)
e Joyvel Kou yioo pvtoayia (Kot TOPACITIGHO)

IIpovmo0Bioerc:

. [Tpémer 0 Onpevtng (P) va etval «€101KOG» (va, unv Tpéeetatl amd aAlec myéc). O
KATOVAAMTNG £YEL E01KT GYEom Ue To OMpapio;

. Agv ailel onpovtikd poAo o evoomAN0LGUIOKOS OVTOYOVIGILOG

. Agv gtvon o0 peyain n mepifarioviikny petafAntot o

50
. N, P >> 1 (ueydiotl ot tAnBvcuol)



—= 4+aNM ...
7 (D

dM
S + NM ...(2)

Onov a ko f etval Oetikég otadepéc




Iepintmon-1: Olwkn eCapdvion: Kot
T0, 0VO €10M eCapavilovTal

TANBLo UGG

- Xpévog

O Onpevtg e€ohobBpedet 1o OMpapa, Kol petd mebaivel o 1010¢ amd meiva
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 xpévog

O Onpevtc mapariyo va eEoroBpedoel To OMpapa kot tebaiverl amod
netva. AAG o pkpdoc tAnBvcuog Tov ONpapaTog mov £xEl TOPAUEIVEL
@Tdvel Yo va avakapyetl. Emlel avavopevo amod kel Kot mEpa ywpic

mopeuPaocn amxd to Onpevtn 53



O1 e€icowoceig Lotka-Volterra
IHepinToon-3:
O1 ovo TAnBvopuoi GUVYTIAPYOVV GE KUKAIKT apBovia

VAVAYVA

)

NMANBuoGG OnpeuTn
N
o
o

150

100

Xpovog 800 900 1000 1100 1200
NMANBuoP6G Onpduarog

NMANBuoubg

o)
o
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TPMTOC Kol eEmavarlauPdvetal o KOKAOC ... 54



Ta ITeigapata tov Huffaker kot tov Utida

[Tio peootikd yopikd cvotnuoe (Huffaker 1963) pe dvo axdpeo
mov Lovoav o€ £va, TPIGOLAcTOTO TEPIPAALOV, 252 TOPTOKOALDV
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Tpeg mAnBvouakol kOkAOL TPV eEaPavVIcTeL 0 OnpevTnC

Apyotepa, o Utida (1957) katdpepe va ETOEICEL TEPIGGOTEPOVE 5
OAOKANPOVE KUKAOVC (14) ypNGIULOTOIOVTOS OVO EVTOUOL
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XY E£GELS KOTUVALMONS GE PVGIKOVS TANOVGHOVS
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2XE0EIC KATavVAAWONG 0€ PUOIKOUGS TTANBucoUC
Muemiopsis

Médovaoec ot Mavpn Odlacoa

Avt 10 Beroe ovata noMg €xet
@del Eva Mnemiopsis leidyi

1. 1982 (mepinov), etonyOn n uédovoa (M. leidyi) kot AdBoC
2. 1989-1997, kataotpo®r TS TPOPIKNS aAvcioog ot Mavpn Odracca,
3. 1997, etonyOn o pvcikdc Onpevtn¢ (Beroe ovata)

4. 1999, xukAikn duvopKT TV TANGVGUOV (AVAKOUYT TNG TPOPIKNG
aAvGidag)

RS
R = —ae— R, cFurerran
=

e il A, Farialysi

il

=5 = = o
Avvapikr| pedovodv ot Mavpn @dracoa ta ypdvia 1999-2001
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(Kideys, A.E. 2002 “Fall and rise of the Black Sea ecosystem” Science 2002, 297,p1482)



What happens if higher predator population
leads to enhanced hunting efficiency?

Ytic eElowoelg Lotka-Volterra:

¢ = {O (1+aP)
0=0,(1+aP)
an r.N—C,(1+aP)PN
dt
dP

- = —yP+9,(1+aP)NP
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Results of Simulations: ‘“‘Progress trap”’

Higher hunting efficiency with increasing population in
Lotka-Volterra equations:

1. Leads to faster growth of predator population

2. Enables higher predator numbers

BUT
1. Faster collapse afterwards (implosion or collapse?)

2. Longer time to recovery (increased cycle time)

This is a form of innovation but only a limited form. It does not
include continuous innovation, such as switching to other
resources.
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YVOUTEPUCUATO

H vrtep-exOetkn) avénon (YEA), £évdelén g moAvmAokotntag

H YEA xaoaxtnetCet tnv avénomn tov avOewmivou
tANOvouov

YEA mpoPAemetat oe povteAa ouveQyaoiag oe eEEAIKTIKA-
TANOvoULKA pOVTEAX

H YEA = “finite-time singularities”
H ¢pevva yia v YEA etvat amapalttnn

OwoAovyikn épevva Yia YEA Aeimet



YVOUTEPUCUATO

H vrtep-exOetkn) avénon (YEA), £évdelén g moAvmAokotntag

H YEA xaoaxtnetCet tnv avénomn tov avOewmivou
tANOvouov

YEA mpoPAemetat oe povteAa ouveQyaoiag oe eEEAIKTIKA-
TANOvoULKA pOVTEAX

H YEA = “finite-time singularities”
H ¢pevva yia v YEA etvat amapalttnn

OwoAovyikn épevva Yia YEA Aeimet

Eoyaploto!
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1990 Niknoe o Simon

. — Aluminum
Metals Price Index

2000 =100 = Copper

Chromium
Manganese
oteel

== Nickel

= Tin
= Tungsten

Zinc

Source: USGS: Historical Statistites for mimerals commodities
http.fminerals.usgs.gov/ds/2005/140/

High variability of prices, maybe Simon got lucky (maybe not).




YVOUTEPUCUATO
2TV OKOAOYix, ] TOAVTTAOKOTITA €XEL DLAPOQETIKES NOQPES

H vrtep-exOetikny avénon (YEA), évdelén g moAvtAokotnTag

YEA mooPAémetar oe (1) povréAa duvapikng mAnOvouot vy
AXAANAETTOQATELS oLVEQYATLAG KL (2) 08 eCEAIKTIKA-
TANOvoULKA povTEAR (TT.X. KAQKLVO)

H TEA mapayel “finite-time singularities” (e.g. “téAog Tov KOOUOU
pexot to 2026”)

H YEA xaoaxtnetCet tnv av&nom tov maykOouLov avOewmivou
tANOvouov

H ¢oevva yia tnv YEA etvat amaQaltntn) — Yix TV KATavonoT)
TOVNS KATAQEELOT)G 1] 0T EQOTOLNOTG NG TAYKOOHLAG
KOLVWVIAG HaG

OwoAovyikn épevva Yia YEA Aeimet Ei)xa piﬁ‘f@i) Z



