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Preface

«“

YvwaoeoOe Tnv aAnbeiav, kal n aAnbeia éAevBeproel Vudg”
Kawn Awabnxn Kata lwoavvny 8.32

”

“yve shall know the truth, and the truth shall make you free
New Testament, John 8:32

Eight years ago, Prof. Demetris Koutsoyiannis suggested me to begin this PhD thesis.

The topic was defined in 2015 and the research started in 2017 which coincides with
my departure from the School of Architecture and I finally found myself in a creative
environment under the guidance of Demetris Koutsoyannis, and also the cooperation of
knowledgeable colleagues (Panayiotis, Any and Romanos); in this workplace I formulated
the thoughts reflected in this PhD thesis.

This research started with the target to defend the dominant narrative of sustainability
as [ was fascinated by the small scale and I was considering that the support of this issue
would be the originality of the thesis.

As Prof. Koutsoyannis is passionate with rationality, he demanded a systematic
documentation from me, so I followed his prompting. Doing this research, in the
processing of data collection, I was surprised when I found that many of them, although
publicly available, are withheld by many reports as selected timeseries are chosen to suit
in a dominant narrative.

As I went deeper and deeper in my research, it became clearer to me that many of the
arguments of sustainable development had formed a "politically correct” perception even
if there were not supported by evidence. I was shocked when I found out that in this
narrative, the man has the role of a parasite that needs to be contained (overpopulation).

This work is targeting to human’s prosperity and I rationally processed various
parameters and data that contribute to this direction. [ have also used stochastic tools
which were originally developed for this processing. In the case studies I explored,
distinguishing several issues, I came up with specific suggestions. Finally, I argued that it
is impossible to make progress for the humanity with misinterpretations that shape the
current “politically correct” dominant narrative.

The PhD thesis is completed at this point; however, I would like to point out that my
experiences on Mount Athos have shown me that prosperity is not limited to the material
world, which is the subject of this thesis. People have the potential to live prosper when
they meet their spiritual needs, which in the end, are probably more important than the
issues addressed in this thesis.
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Notational conventions. The book follows the Guidelines for the use of units, symbols and equations in

hydrologyI. In turn, these guidelines are based on (i) the Systéme International (SI) brochurell; (ii) the ISO
80000-2 Standard, Mathematical Signs and Symbols to Be Used in the Natural Sciences and Technology; and

(iii) Unicode Technical Report #25, Unicode Support for Mathematics.'! We list some of the conventions here
for the reader’s convenience.

Physical dimensions and units

(a)
(b)
()

(d)

(e)

0
(8

All quantities are dimensionally consistent. In particular, arguments of functions such as exp( ) and
In( ) are dimensionless.

We use s, min, h, and d for second, minute, hour and day respectively. We do not abbreviate week,
month or year, which are non-SI units.!V

Multiplication of units is indicated by a space, e.g. N m, and division either by negative exponents (e.g.
ms-2) or by use of the solidus (oblique line, e.g. m/s%); however repeated use of the solidus (e.g. m/s/s)
is not permitted.

Prefixes of units such as M (mega = 106) and p (micro = 10-6) have no space between (e.g. us, MW).
According to the SI, the prefix for kilo is lower case k (e.g. km—K is the symbol of the kelvin).

For areas and volumes, we use m? and m3; the hectare (ha) and the litre (L) are also allowed in SI. A
million m?is denoted as square kilometre (1 km?2 = 106 m2). A million m3 is denoted as cubic hectometre
(1 hm3 =10 m3—not 1 Mm3 because 1 Mm3 = 108 m3; note that in SI any power to a unit applies also
to the prefix); a billion m?3 is denoted a cubic kilometre (1 km3 = 109 m3).

All units are typeset in upright (Roman) fonts, not italic or bold.

Numerals are also typeset in upright fonts. The symbol for the decimal marker is the dot. To facilitate
reading, numbers are divided in groups of three using a thin space (e.g. 12 345.6). (Note that neither
dots nor commas are permitted as group separators). A space is used to separate the unit from the
number (e.g. 10 m).

Symbols and equations

(a)

(b)
(c)
(d)
(e)

0
]

(h)
(M)

We prefer single-letter variables (if necessary, with subscripts, e.g. Ervs) over multi-letter ones. Single-
letter variables or parameters and user-defined function symbols are italic (e.g. x, Y, 5, f(x)). Multi-letter
variables, if cannot be avoided, are typeset in upright, not italic (e.g. RMSE).

Common, explicitly defined, functions are not italic, whether their symbols are single-letter (e.g. I'(x)
for the gamma function, B(y, z) for the beta function) or multi-letter (e.g. In x, exp(x + y)).

Textual subscripts or superscripts are not italic (e.g8. Xmax, Tmin Where ‘max’ and ‘min’ stand for
maximum and minimum, respectively).

Mathematical constants are upright (e.g. e = 2.718...,, m= 3.141...,i2 = -1). Also, mathematical operators
are upright (e.g. dx in integrals and derivatives, Ay for the difference operator on y).

Vectors, matrices and vector functions are bold and, for single-letter variables, italic. In particular,
vectors are usually denoted with lower case letters (e.g. X, w as vectors; f(x) as a vector function of a
vector variable) and matrices with upper case letters (e.g. A as matrix; AB as the product of matrices A
and B, AT as the transpose of 4, det 4 as the determinant of a square matrix A).

We use nested parentheses for grouping (e.g. In(a (b + c)) rather than In[a (b + c)]

To distinguish between stochastic variables from regular variables we use the Dutch conventionV, i.e.,
we underline the stochastic variables. Further, we use the curly brackets for sets (e.g. P{x < x} for a
scalar x or P{x < x} for a vector x; note that the argument of probability (P) is a set, not a number).

We use square brackets for expectations, variances and other operators on stochastic variables (e.g.
E[g] var[g], cov[g, g] ; note that E[g] is not a function of x and thus it should not be denoted as E(g).)
Definitions by mathematical equations are denoted using the symbols =" and ‘=’ (e.g. to define c as
the sum of a and b we writec :==a + bora + b = c).

I Prepared by D. Koutsoyiannis and H.H.G. Savenije, 2013, doi: 10.13140/RG.2.2.10775.21922
II' Ninth edition, http://www.bipm.org/en/si/si_brochure/

Il http://www.unicode.org/reports/tr25

V' We avoid ‘a’ for year, because in SI ‘a’ is the prefix atto, meaning 10-18; also it is the symbol of an ‘are’, a
non-SI unit whose multiple hectare is accepted in SI (1 a=100 m?% 1 ha=100 a=10*m2 =1 hm?).

V Hemelrijk, J., 1966. Underlining random variables. Statistica Neerlandica, 20(1), pp.1-7.
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Extetapévn lepiAnym

TF'evikég apyég

Ot {wvtavol opyaviopol kavouv éva épaopa amod v {wn avalnTwvtag eunuepio oTov
VALKO KOO 0.

YTapyouvv S1a@opeTikEG avTIAPELS Y TO TL onpaivel eunuepia. Kamolot Bewpoiv otL
onpaivel xpripa, GAAOL ATTOAAVGELS, EVWD GAAOL a§LOA0YOUV WG TTEPLOGATEPO GLAVTLKT] TNV
TIVEVULOLTLKT) ELTHEPLAL

[IpoUmoBOeoT Yt TNV KABe pop@ng eunuepia elval n TpdoBaon Twv avOpwTWV 0TO
TAEY IO VEPOU-EVEPYELAG-TPO@PILWY TO oTtolo elval amapaltnTo Yo TV emBiwor] Toug.
MoA0OVOTLTO VEPO, 1] EVEPYELX KL TA TPOPLUA LEAETWVTAL EEXWPLOTA 0€ BABOG XpOVOU, WG
TAEY IO LEAETWVTAL LOALG T TEAELTALO SEKA XPOVLAL.

water-energy energy-water Water Energy Food
food-water —— water-food ~
energy-food — food-energy S S Water Energy Food Nexus < §
e \\ater energy food > L 0 =3
< A - 0.015
£ 0.00000250 % 2 ?Z
2 S @ &9
g 0.00000200 S5 &2
g =5 ’ E =
L 0.00000150 =1 ’ <)
2 g 0.05 - 00075 ¢ 5
0.00000100 = E 0
04 S =
0.00000050 xS
0.00000000 0 - -0
1950 1970 1990 2010 1950 1970 1990 2010
Year Year
(a) (b)

Ewova: (a) Zuyvomnta ep@dviong Tou TAEYHATOG VEPOV-EVEPYELXG KAl TPOPIUWV 0TO
Googlebooks (b) Zuyvommta ep@daviong Tou MAEYUATOG VEPOU-EVEPYELNG KL TPOQIHWV OTO
Scopus.

EvSia@épov €xel 0TL Ta Tplat UTA OTOLKEIX TOV TMAEYMATOG, €lval €EPTOPEVA Kol
aAAnAoemiSpovv petadL Toug. AfloAoywvtag Ta dedopéva Ttapatnpovpe 0TL 1 agbovia
KaBevOG oToLXElOV TOV TAEYHATOG, aLEAVEL TO TIPOSSOKLUO (WG KAt ival amapaltnti
TAPAUETPOG EVNUEPLAG.

Onwg ebotoxa eixe mapatnpnoet o kaBnyntg A. Koutooyiavvng (mpoowTtikn
EMKOVWVIA): Ta Xprpata dev SnuovpyolV vepPO, evEpYela Kal TPO@LUA, TA XPNHOTA
SNUoVPYOVVTAL ATIO TO VEPO, TNV EVEPYELX KAl TA TPO@IUA. AUCTUXWSG TO CUOTNUA
MUYPEWS ATOPACEWY OTOV GUYXPOVO KOO0 BETEL WG KPIOLUO KPLTNPLO TIG OLKOVOULKEG
TAPAUETPOVS KAL TNV VOULOUATIKY TOALTIKY), PEPVOVTAG o€ SeUTEPN Holpa TNV KAAN
AgLToVpYla TOV TIAEYHATOG VEPOU, EVEPYELAG KAL TPOPIHWV.

v mapovoa epyacia Siepeuvwvtal opBoAoylKd Kl HE OTOXAOTIKA epYoAeia,
KPIOLUEG TTAPAUETPOL EVNUEPLAG EEKIVOVTAG ATIO TO TAEYUA VEPOU, EVEPYELAS, TPOPIUWV.
H egpyacia emekTelveTUL 0 KOWWVIKEG, OLKOVOULKEG, TTEPLBAAAOVTIKEG KOl TIOALTIOUIKES
TAPAUETPOVS TNG KOWWVIKNG {W1)G, OTIWG TNV SUVALLKI TNG CUCCWHATWOTNG/SLACTIOPAS
TNV KOWVWVIKY SLKOTPWUATWOT) KAL TNV AloONTIKY TOLOTNTA TOL TEPLBAAAOVTOG.



Aopn ™G epyaoiag
Kepalaio 2
210 Ke@AALO 2 €EeTATOVTL Ol TAPAUETPOL EVNHEPLAG

'Evag TuTtikog Selktng ov agloAoyel Tnv eunpepia eival To yprua To omoio cuvsEeTaL
HE TNV avATTLEN, TIG VTTOSOUEG, TNV UYEOVOULKN TEPlBaAdm Kal @aivetal 0Tl 660
TEPLOCOTEPA XPNHATA EXOVE, EXOVUE KL LEYAAVTEPO TIPOGSOKLUO {WNG.

= 81,500 e GDP per capita global average: 1870-2011

% 71500 GDP per capita UK: 1600-2013

: ! GDP per capita country's average (2016)

8 61,500 + - -Global data: Linear trent

‘m’ UK data: Linear trent

g_ 51,500 - -- -County's average data: Linear trent

I

o

— 41,500

1<}

o

a 31,500

()]

O 21,500
11,500

1,500

Life expectancy (years)

Ewova: To mpoodokipo {wng ovoxetiopévo pe to AEI avd kdtowko. Maykdouog pécog 6pog
(1870-2011). Méoog 6pog 172 xwpwv (2016). Aedouéva Hvwpévou Baoideiov (1600-2013).

‘Opwg €EeTAlOVTAG TNV APYXETUTILKI] HOPE@T] TOU XPNHATOG, TO XPUOO KAl TO QONLLL,
BAETOLUE OTL 1] AVTAAAXKTIKN TOUG a&lat KAl 0 AOYOG GUGXETIOHOU TNG TLUNG TOUG, Elval
efalpeTika gvpetafAnTtog oe Babog xpovou. Q¢ ek ToUTOU, TO XpNua Sev umopel va
BewpnBel éva evotabég pétpo amotiunong mAovTov.

Ao TV avdAvon autn, @alvetat 0Tt pa otabepn ala amotipnong e eunueplag eivat
N TpocBacn oTo TAEYUA VEPOU, EVEPYELAG KAL TPOPIUWV TOU OUOXETI(ETAL PE TO
mpoodokipo {wng. EE attiag avtg ¢ otabepng oxéong, n oUykpLlomn Tov emmeéSov {wNg
o€ SLAPOPES PAOELS TNG LoToplag, yivetal pe pa uéBodo KAt TNV omola 0 NUEPTOLOG
HoB06G avTioToLXElTal 0€ AlTpa oLTAPL IOV €lvat 1 Staxpovikn Bdorm ™G SlatpoPng Tou
avBpwov.

Emypa@ikda Sedopeva mov €xovpe, pag Sivouv Ty eKTiUnom Tov TAOUTOU O€ £va TTOAV
UEYAAO LOTOPLKO EVPOG TWV TPO-PLOUNXAVIKWV KOLVWVLDV.
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Wheat wage (liters per day)

Sumer 21st c. BC
Babylonia 17th c. BC

Nuzi 15th c. BC

Assyria 7th ¢. BC

South Babylonia 5th ¢. BC
North Babylonia 5th ¢. BC
Athens 5th c. BC

Athens 4th c. BC

Egypt 2nd c. BC

Babylon 1st c. BC

Roman empire 1st c. AD
Roman empire 4th c. AD
Mesopotamia 8th ¢. AD
Cairo 13th c. AD
Florence/Milan 15th c. AD
Vienna 16th c. AD

Ewcova: M£oo nuepnoto nuepopiodio avelSikeutwy epyataV 0T TPOPLOUNYAVIKEG KOWVWVIES.

ZuoXeTI(OVTAG TIG CUVONKEG IOV ETILKPATOVCAV TNV TIPOCRACLUOTTA TwV ABNvaiwv
TOU 29X, LWV OTA TPOPLUA KL TO VEPO LLE TNV ONUEPLVT] ETTOXN, SLATILOTWVETAL OTL N
avOpWTOTNTA €V EXEL KAVEL OLVGLACTIKN TIPOOSO aPOV TEPITIOV TO Y4 TNG AVOPWTOTNTAS
CeLonpepa e PKpOTEPN TIPpOCaon o€ auTA.

1,000 ¢

1000 ®

Population =36,000
100 -
Athens 2" ¢c. AD

Population = 86,5

-/

Average wages in antiquity

Water footprint for consumption
of domestic water per capita (m3)

Wheat wage (liters per day)
=
)
"%
o

® Africa Europe North America

South America ® Australia ® Asia

(a) (b)

Ewova: (a) AToTOmwpa TG €THOLAG KATAVAAWONG TOU OLKLKOU VEPOU KAT GTOMO oTnV apyoio
ABMva kot og SLaPopes YwPeG Tou cUYXPovou koouov. Ta péoa nuepopiocdla otov ovyxpovo
KOGUO KaL 0€ o)€M UE TO NUePouioBLo v Ttpoflounyavikny emoxm (Altpa ortapl).

O péoog MAOVUTOG OTIG TIPOPLOUNXAVIKEG KOWVWVIES eival TnG Taéng Twv 7.9 L/day mov
onuepa avtiotolxel ota 2.37 USD/day Atyo peyaAltepo amd ta 1.9 USD/day movu
Bewpeltal To 6pLo TNG AKPALAG PTWXELAS.

TéN0G, 6TO KEPAAALO AUTO AVASEIKVVETAL OTL T ALOONTIKY lval KAl QuTh, TAPAUETPOS
eunuepiag. Kata v Sidpkela g totopiag, £xovv tpotadel Sid@opol aloONTIKOl KAvOVES
KUplwG oT10 Bfua Twv avadoylwwv Tou avOpwTIvou OCWUATOG. XTNnV epyacia



TOCOTIKOTIOLE(TAL 1 AoONTIKN a&loAdynomn €pywv TEXVNG aAAG kKAl 1 aloOnTIK)] Tov
ToT{OV.

Kepdlaio 3

Yto ke@dAato 3 avadvovtatl U0 BACIKEG TAPAUETPOL TNG EVTUEPLAG: 1 SUVAULKY TNG
KOLVWVIKT G CUGOWUATWONG/SLoTIOpAG KAl 1) KATAVOUT) TOU TTAOUTOV. AUTA PTIOPOVUE VX
TIOVUE OTL SLAPOPPWVOLV TNV EEWTEPIKN KL ECWTEPLKT Sour) TNG Kowvwviag avtioTowa.

Av SoVpe TNV KolvwVia ocav opyaviopd, UTTOPOUE Vi BEWPNOOVUE OTL 1] EEWTEPLKN
Sdoun ™G pop@oAoyiag TEPLYpA@EL TNV SUVAULKY] TG CUCCWUATWONG EVW 1) ECWTEPLK)
Sdoun g pop@oAoylag pmopel va BewpnBel 4Tt elvat ) Staotpwpdtwon.

AkoOpa Kol 6TOUG {WVTAVOUG 0pYaVIoHOUG, T Sedopéva TTov Tapovalalovtal Seiyvouv
OTL M SUVAULKY) TNG CUCOWUATWONG SNUIOVPYEl, KPIOWES Yyl TNV avamtuén kal
QTOTEAECUATIKEG OLKOVOUIEG KAILAKAG, @OV 600 PEYAAVTEPOG EVAL VUG OPYAVIOUOG,
TOOO0 TIEPLOGOTEPO OLKOVOULKA (WG TIPOG TNV KATAVAAWGCT) VEPOU KoL EVEPYELAG) GUVTNPEL
™mv pado Tov.
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Ewkdva: Katavddwon vepol kat evépyelag oe Sta@opa (81 {wvTavmdy opyavioumy avd pétpo
uadog.

Evw @alvetal mwe 1 cuoowpaTwon eivat kat oty @Uo1 pla Stadikaoia Tov odnyel o€
olkovopieg kKAlpakag, 1 Staomopd eival pla pEBodog pootaciag Kat 6’ autnv o@eiAeTaln
eMPBlwon TwV HKPpWV BNAacTiKwY TV TEPiodo ™G ea@davions Twv Sevooapwy.

Ot SUVAUIKEG TTOV TTAPATNPOVVTAL O0TO TEPLRAAAOV, TTAPATPOVVTAL KOL 6TV KOLVWVIA
EVW 000V APOPA TNV ECWTEPLKT Sopun TNG Kovwviag, auth Bewpeital OTL SLtpopPWVETIL
QT TNV KATAVOT] TOU TTAOUTOU KL TNV KOLWVWVIKTY SLA0TPWUATWON.

KepdAaio 4

Ito Ke@OAalo 4 SlATUTTEWVOVTAL TA TPWTOTUTA OTOXAOTIKA epyaieia TOL
avamtuxdnkav ota mAaiola g epyaciag. Ta epyadeia auta emAVOLV:
a) Tnv pelétn TV CLGCOUATOUATOV GTO ENITESO
b) Tnv mocotikonoinon g eEEMENG TOV GLGCOUATOUATOV
¢) Tnv katavour Tov TAOVTOV GTNV KOWVMVIC KoL TV SUVOULKT THG EVoTAOELdG TG KaBMS Kot
NG E0MTEPIKNG OOUNG TNG LECH TNG EVIPOTIOG TNG D KOl TOV EVIPOMIKOV SEIKTN OVIGOTNTOG

@,.



Me Ta otoxaoTIKG gpyaleia Tov Tmapovoldlovtal oto Ke@aAalo 4, efetalovtal ol
UEAETEG TEPITITWOTNG OTA KEQAAXLX 5 €wG 8.
Kepdlaio 5

Yto Ke@dAalo 5 Teplypd@ovtal oL OYECELS AAANAEEAPTNONG OTO TAEYHQX VEPOU,
EVEPYELAG KAl TPOPIHWV aVASEIKVUOVTAG TNV SUVAULKT] TOUG HECW TOU GUOCXETLOHUOV
TAPAUETPWY TOV TAEYUATOG TNV TEPITITWON TOU KAUTIOU TNG OeooaAlag. MeAeTatal n
eCALPETIKA QATOSOTIKY] OLKOVOUIKA, KOAALEPYELWX TwV OKTWISIWV 0€ OXEOom HE TOUG
(PLOLKOVG TTOPOVG TNG TIEPLOXTG. MEAETATAL TAPAAANAQ 1) EYKATACTACT PWTOPROATATKWV
ovoTNUATWV. H amd80on Toug ATMOTIHATAL 0TO TAEYHX VEPOV-EVEPYELAG KAL TPOWPIHWY,
OUYKPLTIKA UE TNV TIHpad0ooLaK KAAALEPYELA GLTAPLOV.
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Ewova: Xpnoeig yng oty Osooaia.

Kepdlaio 6

ZTO KEPAAALO 6 PHEAETATAL 1] SUVALKT TWV CUCCWUATWUATWVY. [TepLypa@EeTAL TO WG
T CUCOWHATWHATA Elval Pl Stadlkacla OV THPATNPELTAL 0T @UOT ALK KAl OF
avVOPWTILVEG KOLVWVIEG OTAV VTIAPXEL AVATITUELOKT] TIPOOTITLKT TIOU €EUTINPETEL OLKOVOUIES
kAlpakag. To cvotnua VEpevong g ABNvag elval P XapakInpLoTiky Tepintwon. H
ABNva €xel éva amod Ta peyaAvtepa vépaywyesla otov koopo. EEetdlovtag Llotopikd tnv
eEEAEN TV £pYwV VTTOSO TG, TO KOGTOG TOUG, TO KOGTOG TOU VEPOU Kal TNV Slabeciudomta
TOV (PUOLKOU TIOPOV, AVASEIKVUETAL TO TIWG AUTO TO £PYO0 LTIOSOUNG UEYAANG KAIPOKOG
elvain Baomn ¢ eunuepiag g moANG. lapaAAnAa, e€etaletaln ekdoxn Tov TL B onjpaLve
av §gv VTN PXE.
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Ewova: H e€£AEn ¢ TOANG Twv ABNVOV Kat Twv V8ATIKOV TTOpwv Tov 20° aimva.

AMN XQpPAKTNPLOTIKY TEPIMTWON €E€TaAcNG oTnV SUVAIKY TNG SLOTIOPAS elval M
UEAETN TEPITTTWONG TNG HEYAANG TupKayLds otnv EVvBola to kadokaipt Tov 2021 otnv
omolar AVASEIKVUETAL TO TIWG TIEPLOPIOTNKE TO PALVOUEVO ATIO TNV SLAKOT Tov SACOUG.
Al TUTIOVETAL OTL pLar SUVALKY] TIpooTaciag Tov ddooug Ba NTav 1 SleTopa Tov, e
O0TOXO TNV €VIOXLOMN TNG KOWWVIKNG SOUNG TWV TOTIK®WV KOWVWVLWV KAl TNG AVATITUENG
HECW TN G EKUETAAAEVOTNG AUTOV TOV (PUGLKOV TTOPOV.

© Clustering of the forest
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Ewova: Zta aplotepd 1 ouoowUdTwon TG TEPLOXNG TOv SA00US TPV TN QWTIE, Se€Ld P
TIPOTEWVOLEVT] LOPPT TNG SLKOTTOPAES TOV 8GOV,



Kepalaio 7

Yto ke@dAawo 7 egetdlovtal Std@opol unxaviopol eunuepiag kal KATAPPELGNG TWV
KOW®VLWV.

[ToAdol emiotuoveg Bewpolv OTL TO @UOIKO TepBaArov kaBopilel TIG TPOXLESG
QVATITLENG 1) VPEOTG TWV KOWVWVIWV. H avTiAnym aut £xel SLapop@woeL TNV 0X0AT IOV
ovopaletal TEPLBAAAOVTIKOG VIETEPULVIOUOG.

Av vtoB€c0ouE OTL £(OVE TNV TTAPOXT) EVOS PUGIKOV TIOPOVL (TL.X. HLXG TINYNG) O€ v
VN oL IOV AKOAOVOEL KAVOVIKT] KATAVOT, COLPWVA LE TO APNYN X TOU TEPLBAAAOVTIKOV
VIETEPUVIOHOV, TO VIOl Ba £xeL P EPOVTA LKAVOTNTA TTANBVGHOU 1 oTola e§apTaTAL
amd v eldylotn Tapoyn. Emedn opwg €xel amodeiyBel OTL oL PUOIKEG PETABANTES
akoAovBovv v Suvapkn Hurst-Kolmogorov, av tnv mpooBécovpe otnv xpovooelpy,
BAETOLUE 4 PACELS KATAPPEVOT|G.

OEWPWVTAG OTL UTTOPOVE VA EXOVUE LA HEYOAVTEPT EKUETAAAELOT) TG TINYNG AOYW
TEYVOAOYLNG 1) VA SLXELPLOTOVE TO VEPO ATTOONKEVOVTAG TO, BAETTOVE OTL UTTOPOVE VX
QUENCOVE TNV PEPOVOA LKAVOTNTA TOU VNGLOU. Av Bewprjoovpe OTL 1) TEXVOAOYIKN
LKovOTNTA Kol 1) amoBnkevon aviavovtal, 6€ cLVOVAOUO HE AELPOPO KATAVAAWON,
BAETOLUE pat oLVEXT] AQUENOT TNG PEPOVCAG LKAVOTNTAG. AVTIOETWG aKOHX KAL ov M
TEYVOAOYLIKY LKAVOTNTA KoL 1] amoBnkevon auidvovtal 1 un aepiopos KATavaAwaor,
odnyel og KaTAppevon.

MoAovOTLT AUTIKN OKEYT, EXELVTTOSOVAWOEL 0TOV TIEPLBAAAOVTIKO VTETEPULVIOUO, OTO
KE@AAALo auTO Tapovolalovtal Tapadelypata 0Tws ot Mivweg, ot Mayia, to vnol tov
[Tdoxa kot GAAa, ota omola 0 TEPPAAAOVTIKOG VIETEPUIVIOUOG OTOTUYXAVEL VA
gepunvevoel TV e§EALEN toug. To TEPLOGATEPO XAPAKTNPLOTIKO TTAPASELYUA XTTOTLUXING
elvat n Staknpuvén oto Pio ¢ Bpadriag (1992) mov Statuntwdnke amod tnv Agenda2l n
omola avépepe OTL A0yw ™G vmofabuiong tov mepdriovtog «H avBpwmomta
BplokeTal AVTILETWTN HE TNV SLALWVLOT) TWV AVICOTHTWY, TNV EMSEVWON TNG PTWYELAS,
TWV ACOEVELWV KL TOL aVaAQABNTIoHOU». ZuykpivovTag Ta Sedopeva, 30 XpOVIX HETA TIG
mpofAEPels ™G, BAEMOUVUE OTL KAvEVAG amd TOUG KvSUVOUG Tou eixe evrtomioel Sev
EMOANBEVTNKE.

m Agenda 21: 1992 m2021
: B :
e ol LT 7.7
i 558 peopl N T
0.1 1 2% 10 100 $ per day
Income mountains E :':
100
86.4
50 631 |
39.3 @
0 22.2

Life expectancy (vears) Share of children who are Share of population older
stunted (%) than 15 able to read and write

(7o)

Ewova: ZOykplon twv poPAéPewv ¢ Agenda21 pe ta onuepwva Sedopéva.



AvtiBétwg, @aivetar O6TL 1N KOWWVIKY] SUVOUIK] KAl 1 pop@oAoyia Tng
SLAOTPWHUATWOTNG TWV KOLVWVLWY, ElVAL TO KPIGLLO KPLTNPLO YLK TNV EVOTADELX Kol TNV
eunuepia Toug.

Ta tedevtaio ypovia €xel avomtuybel oG vEo emOTNUOVIKO TEdIO, 1| OIKOVOUO-QUGTKY|
(econophysics, omotvynuévn Tapa@pacn Tov economo-physics), to omoio peAeTd TNV
KOW®VIKO-OIKOVOULKT] duvapukn HEGH Omd TOLG VOUOLS TNG (QUOIKNG KOl €OIKOTEPA TOV
0gvTEPO BEPLOOLVOUIKO VOLO KOl TN BEUEAIDON TOV £vvola, TNV EVIPOTICL.

MoAovATL 1 evTpomio YPNGILOTOIEITOL EVPEMS GE ALTOV TOV KAGSO pe po AdBog Evvota g
ato&io, 0 OKOVUEVIKOG YOPOUKTPOS TOV EXEL M EVTIPOTIO. OTAV OVTY| XPNCYLOTOLEITAL LE TOV
OTOYAOTIKO OpIGUd TG ¢ péETpo afePardmrag, pali pe mv wavdétra aloddynong mov
TPOKVITEL OO TNV 0Py NG UEYIOTNG EVIPOTING, OLAHOPPDVOVY £vol eENPETIKO gpyOreio
TEPLYPOPNG TNG KOWVMOVIKNG OVVOLIKNG,.

Av Bewpnoovpe T0 €1660MUA TOV AVOPOTOV OC OEIKTI TOV AVTITPOCMTEVEL IO GUVEXN|
oToYaoTIKn petafAnt x petado [0, J], oy e&icwon 1 propodpe va opicovpe v gviponio
@ g petaPfAnTiC O¢:

el /@] f(x)
ol = |- 25| = fl o )

omov £ (x) eivon éva pétpo faonc. Eva cuvnetcuevo nétpo Pdong mov ypnoiponoleital eivot
tov Lebesgue, B(x) = 1/ 6mov A Bewpeitor Tt givar pio VOUIGHOTIKY LOVAEda.

H gvtpomikn mpocéyyion delyvet eniong évav dAho tpdmo a&loAdynong g avicodtntas. Evod
vy otafepn moukvoTnTo VIOPAOpov oM HE TO OVTIIGTPOEO TNG VOUICUATIKNAG HOVASOS M
evrpomia mapéxel Eva HETPO TOL TAOVTOL TNG KOW®VIAG, ov dALAEOVE TO UETPO LVITOPEOpov
omv TN 1/u, 6mov u ival to péso 166U, 1) VITOAOYIGUEVT LLE OVTOV TOV TPOTO EVIPOTIN.
gtvan éva pétpo g avicotnroc. Ovoudlovtag Ty TEAEVTOIN TOGOTNTO TVTOTOMUEVT EVTPOTTiOL
Kat cupPoAiCovtag v wg P, [z], HETA amd alyePpikovg LVTOAOYIGHOVE Exovue TV e€lowon:

?,[x] = #[x] -3

YrevBopileton 6t avBopunta, | evrpomio teivel va avEAveTol LEYPL VO PTACEL GTNV HEYIOTN
TIUN OV EMTPEMOVV Ol £KAoTOTE TEplopiopol. Epocov BempnBel pérpo Paong Lebesgue n
LEYIOTOTOINGN TNG EVIPOTING 00N YEL G€ EKOETIKN KATAVOU TWV EIGOINUATOV.

[Mapammpovpe 600 PNYAVIOUOUG HE SLAPOPETIKEG TAOELS, oL omoiol (kal oL 6V0)
emSpoVv oTNV Helwon TNG EVTIPOTILAG TPOTIOTIOLWVTAS TNV EVOTAOY) EKOETIKI KATAVOUN.

1. OLopYavwUEVES KOLVWVIEG AVASLAVENOUV TO ELCOSTILA TOUG VLA VA TIEPLOPLoOUY
TNV @TWYELX KAL VA EVIOXVOOLV TNV pecaia Tagn (katavoun ydua)

2. 0L moAltiko-olkovoulkég elite mpoomabolv va amoppo@rcouvV HEYAAVTEPO
uepiSlo Touv MAOVUTOV, IOV TIEPLOPIEL TNV pecaia TAEN KAl AUEAVEL TNV PTWXELA
(xatavoun Pareto)
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Ewdva: (a) ExkOetiky katavoun kat katavour] yaua (b) EkOetikr katavour) kat katavoun Pareto.
Apa to {ntovpevo Sev elvat av To TEPIPAALOV OYETILETAL E TNV KOWWVIKI Aoy,

QAAQ TO WG UTTOPOVE VA AVTIUETWTIICOVHE AVTIKELLEVIKA TA CLLEVYHEVA TIPOLANHATA

IOV TIEPLEXOVV EVA LEYAAO OVUVOAO AVEEAPTNTWV HETABANTWV.

ZTNV TTHPAKATW EIKOVA TIapovoLaletal ) mepAnym ¢ pebodoroyiag.

Mopot:
i R VoV Auvopikn
.................. HK

AnULOUPYIKEC SUVOTOTNTEG Tomoc katavaAwaonc Kowwvikr) Suvopukn

Tepmcln  Amriime Agudpopog > Y¢e:f)r]: H evipomia @
Kuravahm K(l'lfC(V[l'.}t(.l.)O n MELWVETELL

I —

.,.hfr.,ﬁ”.r "-J"' M " ‘t

v

Avamtuén: H evrpomic

T @ kau n ohuThokoTnTa
| . auéavovtol

.--_(r"‘ _-.-"""le

Tenths of the share of people Lorenz curve Lol Kol
vs share of income earned ®

AmAnortia Twv elite,
Kortavopr) Pareto

9

ITLLFEELL

EKOETIKY KOomavoprn

Ewova: IepiAnym s pebodoAoyiag. Me pAoIvo ONUELOVOVTAL OL QACELS ULAS EUNUEPOVOAS
KOWWVING KAl LE KOKKIVO 0L PACELS e SUVANLIKEG KATAPPEVOTG.

LTI onUeEPLVESG cLVONKEG BAETOVE OTL 1) TTOAUTTAOKOTNTA TOV KOGHOU KoL 1) Yn@Lakn
UETABaon €(OUV (PTACEL € EVIVTIWOLAKA VPNAS eTIiTESO, AAAA T TEXVOAOYLKA Brjpato
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elval ATOKOUUEVA ATIO TIG TIPAYHATIKESG AVAYKES (TL.X. O AVTAYWVICHOG YL TA SLALOTNUIKA
Taéidla) evw TapAAAnAa To €806 TG KATAVAAWGTS TTOPwWV SeV eival Blwatpo- Sev Exovpe
AVoEL (NTNUATH OXETIKA HE TNV kavotnta amobnkevong (ywx mapadetypa, tnv
QTOBNKEVOT) EVEPYELAG ATIO AVAVEWGCLLES TINYEG EVEPYELAG).

Kepdlaio 8

Zto ke@aAalo 8 e€eTaleTaln aloONTIKN SLa@OpWV £PYWV TEXVNG KL EEAYOVTAL CYETIKA
OUUTIEPACUATA UE TNV XPNOT TWV OTOXOAOTIKWV E£PYUAElWV TIOU avamtuxOnkav oto
Ke@aAalo 4 (evommta 4.1). AvaAvovtag TV SlacTopd TG GWTEVOTNTAS OE SLAPOPES
KAlLOKEG IOV ATEKOVI{OVTAL 0TO KALLAKOYPAUUA, avaAvOnKav opddes Slau@opwv Epywv
TEXVNG.

Ta otoxaotikd epyadeia odnynoav oe evlla@Epovta aloONTIKA CUUTEPACUATA,
OPLOPEVA EK TWV OTIOIWV VAP EPOVTAL ETILYPAUUATIKA TIAPAKATW.

(k)

——White noise

Average of standardized climacograms

0.1 \
1 10 100

k
(a) (b)

Ewdva: Avtompoowmoypagies tov Rembrandt pe xpovoloyikr oelpd kat ta avtioTouo
TUTIOTIOUNUEVA KALLAKOYPAUHUATA.

(k)

——\White noise

Average of standardized
climacograms

0.1 T |
1 10 100

k
(b)

Ewova: Avtompoowmoypa@ieg tou Picasso pe Xpovoloyiwkn Oe€lpd Kol TA avtioToyya
TUTIOTIO N UEVA KALLOKOYPAUUATA.
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(k)

——White noise

Average of standardized climacograms
0.1 A . .

1 10 100

k
(b)

Ewova: [Ipoowma o€ BulavTivég ElKOVEG KL TA AVTIOTOLXX TUTIOTIONUEVA KALLAKOYP&UHATAL.

1. Tnv ovvemeln OV ERPEAVIAV TA KALLAKOYPAUATH TWV QUTOTIPOCWTIOYPAPLWDV
Tov ékave o Rebrand katd v Sidpkela g {wng ToV.

2. Tnv  €levBeploTnTal TOU  EUEAVICAV  TAX  KAIMOAKOYPAUUATH — TWV
QUTOTIPOCWTIOYPAPLWV TIOV €Kave o Picaso katd tnv Stdpkela s {wng Tov.

3. Tnv tdomn twv Bulavtivwv elKOVWVY TPOG Tov AEUKO BOpufo Tov cuvadel ue TV
BeoAoy k) epunveila Touvg

Me To OLUUMEPACUATA TIOU TIPOKUTITOUV QMO TNV aVAALOT TWV £PYwV TEXVIG,
SLATILOTWVETAL OTL TO EPYAAELD AUTO ElVAL AELOTILOTO £TOL WOTE VA XPTNCLUOTIONOEL Yot TNV
TooOoTIKOTO(MoN NG aontikng. Emedn n awoOntikny tov mepidAiovtog eival €va
TIOALTIOMIKO KPLTNPLO EVUNUEPLING, TO OTOXAOTIKO gpyaAeio Tou avamtuxOnke oTo
Ke@aAalo 4 (evotnta 4.1) oe cuVSLAGO |LE TO OTOXAOTIKO EpyaAeio IOV avamTuXONKe
0TO Ke@dAalo 4 (evotnta 4.2) xpnolpomomOnkav otnv aloAdynon tn¢g LETABOANG TOU
TOTI{OV AOY®W TEYVOAOYIKWV UTIOSOUWV.

XapaKTInpLOoTIK LEAETN TiEPIMTTWONG YIVETAL YIa TNV TEpLoy TG Alpvng [MAaotnpa.

H peAétn mepimtwong tov tomiov ¢ Alpvng [MAaotipa, otnv omola e@apuoletat M
oTtoyxaoTikn HEBodog ywa v omtikny afloAdynon opadomoinong twv Focus Point,
EMEKTEIVEL TA ATOTEAECUATA TPONYOVUUEVNG EPYACIAG TOOO OGE TOLOTIKO 00O KAl OE
TO0O0TIKO emimeSo. Méow NG XPNOLUOTIOLOVUEVTG OTOXAOTIKNG HEBOSOV, EMIoNUAlVETAL
ULt OT|HAVTIKY] TIOCOTIKI TAPAUETPOG TNG OTTIKNG EUTELPIAG €vOG TOTOU, dNAad O
avtiktumog ™G opadomoinong twv Focus Pont. Ewlikotepa, ocvumepaivetar OTL M
opadomoinon twv Focus Point @aivetatr 6t ovvéBaie otn Betikny aviiAnym twv
Tapatnpntwy otn Alpvn [MAactpa, n omola Bewpeital wg Tapadetypa €pyov vToSoung
VPNANG BlwoudoTTag Kat omovdaiag altedOnTikng aiag.

Y10 TapASELY A TG TTOCOTIKNG EPUNVELXG TNG ALOONTIKNG TOV TOTIOV, EPUNVEVTNKE TO
YTl TOAQLOTEPEG UEAETEG, €lyav SLATUTWOEL OTL TO VOTIO MEPOG TNG Alpvng elvat
TEPLOCOTEPO OPOPPO KL EVSLAPEPOV aTtd TO BOPELO HEPOG TNG AlUVNG.
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Ewova: Mwf ypapun: Oswpntiky ypapuur mov Staywpilel To BOpelo KAl TO VOTIO TUHHA TOV
toTiov. Kitpvn kot kOKKIVI Ypapun: kKupiwg o8ikég aptnples. Kokkiva onpeia pe kwvoug: Baelg
TV EKOVWV PEAETNG Kol TIEPLOXT LEAETNG TOTI(OV.

TuumepdopaTa

Y10 Ke@dAao 9 yivetal n §aywyrn TwV CUPTEPACUATWV TNG EPYATLAG.

To yeviko cLUTEPACHA TTOV UTTOPOVE VA TIOVUE E(VAL OTL, LOAOVOTL UTIAPXEL SLAXUTN N
OUAAOYLKI] (OOVTAGIWOT IOV UTIAKOVEL 6TOV TEPLBAAAOVTIKO VTETEPULVIOUD, 1] oA Bela
elvat 0TI PO ot 6ToUG PUOIKOVGS TTOPOUG, LOLAITEPA OTO TIAEY LA VEPOU-EVEPYELAG KOl
TPOPILWV, 1] KOWVWVLIKI GUVOYT KoL 1] KOWVWVIKY oTtabfepotnTa eival ta Bacikd otolyeia
™G eunuepiag.

210 KEPAAMLO 3 SLATIOTWVETAL OTL:

a) M SLVOLIKT TNG YOPIKNG CVLCCOUATOONG Eival KPIGIHO GToLKElo avamTLENG TOL 0dNYEL OF
owkovouieg KAipokag, avantuén ko eonuepia. Kat’ avtiotoryio, n duvapikn g xopikng
dlaomopdg etvar péBodog mpootaciog.
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b) kvpiopyo kprriplo ¢ evnuepiog eivar 1 SUOPPOOTN TNG KOWMVIKNAG GUVOYNG LE Lo
OPLOVIKT] KOW®OVIKT O0GTPOUAT®OOT 7Tov umopel vo aglodoynBet ypnoyonoldvog v
gvIpoTio.

l'a 10 TAEyuUa vepoU-eVEPYELAG-TPOPIUWY

H mtpdofaon oto MAEypa vepov-evépyelag kKal Tpo@ipwy eival to Bepédo g Baong yia

uio eunpepovoa kowvwvia. H eme€epyacia twv SeSopévwy, Seiyvel 0TL SUGTLXWS TIEPITIOU

T0 Y4 T0U TANBUVONOV TWV AVOPWTIWV oTUEPX (€L LE LIKPOTEPT TPOGBAOT OTO VEPO KAl TA

TPO@LUA aTmd TOUG TOoAiTeg TG Apxaiag ABNvag (20¢ awwvag w.X.) Seiyvovtag oOTL N

avOpwTOTNTA €XEL KAVEL PiKpN Ttpo0do Ta TeAevTaia 2000 xpovia.

IV avAAvomn NG CUCKETLONG TOU TAEYHATOG VEPOU-EVEPYELASG KAL TPO@PIUWV OTO
mapadeltypa g OeooaAilag, cupumeEpAlveTAl OTL, LOAOVOTL UTIOPEL KATIOLEG XPTOELS YNG,
OTIWG 1) KAAALEPYELX TOV AKTVIS 0V, VU Elval EEALPETIKA ATTOSOTIKT OLKOVOULKA, OE HEYAAN
KA{paka Ba 081 y1)00VV GTNV KATAPPEVOT) TOU TAEYUATOS ooV Sev vTIAPXOLV Slabéatuol
(PUOLKOL TTOPOL Yl VA TOUG VTTOO T PI§OLV.

AuTo @alvetal amd TNV €EETAOT TWV KALUATIKWOV SESOUEVWY TOU XWPOU KATAYWYNS
Tou akTwidiov, 0mov evw oL Bepupokpaocies eival avtiotoles pe v EAAGSa, ot
Bpoxomtwoelg eival ca@ws VYMAOTEPES.

® Thessaly (Greece)
Yangtze Valley (China)
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Ewova: KApatika dedopéva oty Osooalia kat otnv eploxn tov Yang-tze (Kiva)l.

To MAEypa vepo, evEpyELAg KL TPO@IUWVY elval eEXLPETIKA KPIOLLO YLo TNV OlKOVOuix
Kal ™ Buwoun avamtuén, Kabws 1 TPooEopa Kal 1 KATavaAworn Kabevag amod ta Tpla
otolyela elvat TpotepatdTNTa eMBIWoN G KAt SEIKTNG EunpePLaG.

Kabwg 6pws n (tnon aviavetal, vmapxel aviavOopevos avTtaywviopog LeTadd Tou
VEPOU, TNG EVEPYELNG KAl TNG YEWPYLXG (TPO@UA) Kol AAAWY TOHEWY PE aTPOPAETITES
ETMUMTWOELS OTA PEGA SLABLWONG TWV KOLVWVLWV KL 6TO TTEPLBAAAOV.

H peAétn tou MALYHATOG VEPOU, EVEPYELXG KAl TPOPIUWV pmopel va odnynoeL o€
EVEPYETIKEG XAAAYEG GTOUG TPOTIOUG TIOV TAPAYOUHE KAl KATAVOAWVOULNE. L0TO00, TA
BepeAwdn otolyela Tov MAEYPATOG cLVSEOVTAL OE PLEYGAO BaBUO pE pia TTOAVTIAOKT) Kol
EVTova PN YPOUWUIKY oxéom. ¢ €K TOUTOU, 1] €PELVA TWV OUVEPYELWV KAl TWV

I'Climate Data for Cities Worldwide. Available online: https://climate-data.org (accessed on 27 June 2021).
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OUYKPOUOEWV TOVG €lval TOAU onpavtiki. [lapovoialel eviila@épov OTL 1] EMGTNHOVIKY
KOLVOTITA TO AVTIAN@ONKE QUTO HOALG TNV TeEAELTAlN SEKAETIA.

ItV peAETN TEPIMTWONG, TTAPOVCLACTNKE LK CUYKPLTIKN avdAvon TNnG avamtuéng
@ /B £vavTL TNG YEWPYLIKNG SpAaTNPLOTNTAG 0TV KUPLX aypoTIKn TepLox TG EAAGSag,
™ BOeocoadia. Tuykekpluéva, ToocoTikomomOnkav tpila mBava cevapla: (a) avamtuin
NALGK®WV VTOSOHWY XwPIS Yewpykny xpnon yns, (B) xpnon yng AmoKAEOTIKA Yl
KaAALEpYELa aLTaplov Kat (Y) Xprion YNG XTOKAELOTIKA Yot KAOAALEPYELX AKTVISIWV.

Av Ko Tapaywyn akTviSiwv amo@Epel ToAD VPNAOGTEPO OLKOVOULKO OPEAOG aTtd TNV
KaAALEPYELQ oLTapLoV, TTapdyovtag oxedov Looduvaua amotedéopata o€ Oepuideg pe to
OLTAPL Ol ATIALTNOELS OE VEPO Elval TOAV LVYPNAEG, KABLOTWVTAG QUTH TNV EMAOYT U1
Bliwoun. ATo TNV AAAN TAELPA, 1] EYKATACTAOT @WTOPROATATK®WV TIAVEA, ATIO OLKOVOULKN
amoym, elvat o ocvp@épovoa atod TI§ GAAeG V0 eMAOYES XP1)ONG YNG.

Apxikd, N avdmTLEn TWV EWTOBOATATKWY TAPKWV amaLTel Eva HEYAAO €TEVSUTIKO
KEPAAALO, o€ GUYKPLOT UE TIG AAAEG SVO EMIAOYEG, AAAG 0TOV KUKAO {WT)§ TOV, TA €606
amd TNV TAPAYWYT EVEPYELXG KAl 1 apeAnTéa {NTnomn vepov avadelkviouv auTod TO
OEVAPLO WG TNV KAAVTEPN AVOT) YL TN HEAETT TIEPITTWONG HAG. QOTOCO, EVWD 1 EVEPYELA
elval amapaitntn yw v eunuepia, dev eival Bpwotun, EMOUEVWG AUTO O@EIAEL va
a&loAoynOel [l KPLTIPLO KAL TNV ETOLTIOTIKY XOQAAELX.

EmumAgov, mapatnprioape 0TL Ta emITUXNUEVA TTApASElypaTa KOAALEPYELXS (OTIWG )
TApAywYN aKTWISIWwV) Kol oL IEEG TTOL €V TPOCAPHOLOVTAL OTA TOTILKA XAPAKTNPLOTIKA
™m¢ mepoyns Ba pmopovoav va 08NYNOOLUV OE KATAPPELON TO TAEYUQ, A@OV
KATOVAA®VOUV (PUOLKOVG TTOPOUG TTOU SEV UTTAPXOLV SLABEGLILOL GTNV TLEPLOYM.

To mapadetypa mov avaivetal, PTOPEL Vo XPNOLUEVOEL WG TTAAICLO Yl UEAAOVTIKEG
UEAETEG AELPOPOV AVATITUENG OTO TAXIOLO TOV TTAEYLATOG VEPOU-EVEPYELAG-TPOPILWV-YNG
KaLm épevva Ba pmopooe va emeKTABEl KAl 08 GAAEG TIEPLOYES, HLE TIOLKIAX USPOKALUATIKA
KOl KOLVWVIKOOLKOVOULKA XUPAKTNPLOTIKA, £TOL WOTE va AN@Bovv vmoym Siapopa €idn
KAAALEPYELWV.

Me Tov TPOTO QUTO eKTIHATAL OTL B pmopéoel va yivel €faywyn YeEVIKOTEPWV
OUUTIEPACUATWY OE OXEOT HE TIG CUYKPOUOELS KL TIG OUVEPYELEG UETAEY OAWV TwV
OTOLYELWV TOV TTAEYHATOG.

H géwteptkn uoppoloyia: cvoowuUdTwWon kaL avantuén, SLaoTopd Kat TpooTac(a

H ocvocowpdatwon elvat avOpwTivn Taomn Tov dnuovpyel TV Kowvwvia Kot odnyel o€
owkovopieg kAlpakag. KaBwg 1060 1 KAILOKA TWV CNUEPLVWV KOWVWVLWV 000 Kal EKEV
TWV £pYwV UTTOSOUNG auEAvovTal, VAL OTJUAVTIKO VO KATAVONGOVHE TOGO TN Soun NG
XWPLKNG opadoToinong 660 Kal T XPovikn g eE€ALEN. [ To okoTd auTo, avamtuyOnke
1 0TOXAOTIKN HEBOSOG YEVIKNG EPAPLOYNG VLA TNV TTOCOTIKOTION O TNG XPOVIKNG EEEALENG
NG XWPLKNG CUCOCWUATWONSG WG EPYUAEIOV YIa TNV aloAdYN oY), TNV TTAPAKOAOVON O™ KAl
mOavn TpoLAeYT oTOLXEIWV TTAYKOCULWY AAAXYWV.

Me o TIPOGEKTIKY EMAOYN EIKOVWV TIOU AVTITTPOCWTIEVOUV XWPLKEG TAT|POYOPIES,
UTTOPOUHE VA €EAYAYOUUE €VAV TIOOOTIKO TPOOSLOPORO TNG €EEAENG  Twv
OUOCWUATOUATWY, HE TNV TIAPOSo TOu XPOVOU, TIOL VA Elval XPNOLUOG €(TE Yl TOV
TOCOTIKO XAPAKTNPLOUO YVWOTWV XWPLKWV 0AAXYWV, 1] AKOUA KL VIO TNV ATTOKAALYM
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XWPLKWV HOTIBwV TOL elval AlyOTEPO AVAUEVOUEVA, T.X., TIOU VA OXETI(eTAL e BpOyouG
avaTPo@odoTNomMG LETAEY aVOPWTOYEVWYV TIAPEUBACEWY KL PUOLKNG LETABANTOTNTAG.

Ta amoteAéopata pag vmootnpifovv TNV I8EA OTL VTIAPYEL Hlx Tdom Yl opadoToinon
TOGO0 OTOV PUGLKO OGO KL GTOV KOGO TIOU SLAUOPPOVETAL ATO TOV AvOpwo. QoTOC0 N
T@omn autn) eEaptdtal amd ™V KAlpaka Kabwe mépa amd Lo CUYKEKPLUEVT] KA{HOKX
UTopel To (510 TO CUCOWUATWA TIOV EVAL EVEPYETIKO KAl 08T YEL O€ OLKOVOUIEG KAIPLOKOG
VO EPTIEPLEXEL LA SUVOULIKT] KATAPPEVONG KL VAL EVOL EVAAWTO.

OL TIEPIMTWOLOAOYIKEG HEAETEG YL TA OLKOGVO TN AT, T Sdon Bopveo, Tov Apalovio
Kal TI§ Alpves oty EAAGSa, Selyvouv otL 1 péBodog ouadomoinong mpoo@EpeL Evav
QTOTEAECUATIKO XOAPAKTNPLOUO TNG EEEALENG TWV OLKOGUOTNUATWY, ATOKAAVTITOVTOS
notifa opadomoinong kat SIAGTOPAS EVW O TIOAAEG TIEPLTITWOELS, 1) AAANAETTISpaoT TNG
QPUOIKNG KAl NG avlpwmivng petafAntoémrag elvat SVokodo va StakplBel Ko
aVUSEIKVUETAL WG ATPOBAETTTN aTtd TNV Aoy TNG EEEALENG.

OL mepiodol Slaomopag eival gp@aveis oTn @VON Kol Yapaktnpilovv v V@eon.
Alatvtwvovtal mapadelypata, mov oxeTi{ovtal e TOAEUOUG, ALUOUG KAl (PUOLKESG
KATAOTPOPESG OTIWG OL PWTLEG

TuyKekpLUEVQ, 0T TIapovoa SLatpLPr) Slamiotwinke 6TL 0 pLOUOS TNG CUGCWUATWOTG
auinnke Spapatikd amo ™ BLOUNXAVIKNY ETAVACTAOT), KAL) ACTIKOTO(NOoT akoAovOnoe
QUTY TN OUVOAIKN BETIKN TAom pEXPL onuepa. AUTO elval CUU@PWVO PE TNV EVPEWS
Stadedopévn memoiBnon OTL oL peyaAUuTepeg avOpwTveG SOUEG evioyUOUV TNV
QATOTEAECUATIKOTTA HECW TWV OLKOVOULWV KAIHOKAG.

QoT600, YlveTAl OAOEVA KOl TILO CAPEG OTL OL OMASOTIONUEVEG avOPWTILVEG SOUEG
evéxouv emiong avinuévoug Kvdvvovue. I'a mapddetypa, otnv olkovopio 1 augavopevn
OUOOWHATWON E€PXETAL PE AQUENON TWV CUCTNUIKWV KVOUVWV, EVW 1 CUYKEVTPWOT)
UTIOSOUWV KL TIOPWV LEAVEL TNV TPWTOTNTA TOU TANOLOUOU KATA TN SLAPKELX LG
evOEXOUEVN G aoToXlaG TNG VTTOSOUNG I} €VOS TToAEpOL. Elval evBelkTikd 6TL TNV mepiodo
2020-2021, n kowwvia avaykaotnke va emavailoAoynoel pulikd TG SOUES
OUOOWUATWONG TNG O0f SLNPOPETIKEG KOWWVIKEG KAIUAKEG, TPOKELHEVOU VA
QVTILETWTILOEL TOV Kivouvo amd v mavsnuia COVID-19.

[Tapa Ta TEPAOTIA 0PEAT) TIOU TIPOKVTITOUV ATIO TIG CUCOWHATWUEVEG KOLVWVIKEG SOUESG
KQTA TOUG TEAEVTALIOUG ALWVEG, eVl SEAEACTIKO VU EEETAOTEL LA EVOAAAKTIKT KOLVWVIKN
KQTOVOUN OTO XWPO, (0WG TILO apal] KAL TILO ATIOKEVTPWHEVT, Aapufavovtag Tapddetyua
™G €LEAEN G TWV PUOIKWY SopwV ToL Yapaktnpilovtat amd v afefatdotnTa.

H mepiodog tou COVID-19 mapovoiace pia gukaploe va emaveEeETACOVHE TOUG
ouuBLBACHOVE TTOV TIPOKVTITOVV ATIO T (PUOLKI] UG TAOT) VX CUYKEVTPWVOLAOTE KaL Elval
Hio evkatpia va avabewpnBovv Ta KpLtpLla Yo v emAoyn ¢ BEATIOT G KAlLakag yia
™MV avamTudn, KBS KoL TO VO TIOV PEPOVV OPOL OTIWG 1) BLWOIHOTNTA.

e kabe TepIMTWON, N ATMAVTNON OTO €PWINUA TNG afloAdynong tmg BEATIOTNG
OUOOWHATWONG, TNG KAILAKAG KOWMWVIKNG 0pYAVWONG Kol TG avamtudng, elvat éva
OUVAPTIACTIKO TTPOBAN LA TTOU KAL OL UNXOVIKOL, LETAED GAAWV, TIPETEL VA TO AVOOLV.

O Homo Sapiens emé(noe TG QUOIKNG EMAOYNS WG (UKPN G KAlHaKAG) ONAaoTiKO Kol
oxL ws (HeydAng kAlpakag) Sewvoocavpog. oTO600, 0L AVOPWTOL )TAV TEAIKA o€ BEom OxL
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HOVO VX TIPOCAPUOCTOVV OTLG VEEG CUVONKEG AAAQ VU SLAPOPPWCOVV VEEG CUVOTKES Kal
VO TPOTIOTIOL|00VV TO TEPLBAAAOV TOUG HEC® TN G EMLOTN NG KAL TNG TEXVOAOYLQG.

E€etdlovtag v Suvaplky TnG cLUOCWHATWONG HECW TWV £PYwV VOPELONG TNG
ABnvag, BAemovpe to Babud pe tov omolo aviavetal 1 SLABECIHOTNTA TWV PUOLIKWOV
TOPpwWV (OTIWG TOU VEPOU) AOYW TWV £PYWV VTTOSOUNG HEYAANG KALULOKOL.

OLTIOAELG HEYUAAWVOLV WG ATIOTEAEG A TNG CUYKEVTPWOT G KAL KATAVOUNG TNG EPYATIAG
KABWG KAl TWV OKOVOULWV KA{pakaG TTov auto dnuovpyel. Mlapd TI§ EMMTWOELS NG
OUCOWUATWONG TTOV OXETI(OVTAL E TO HEYEDOG, VTIAPYXEL LoyxLPN LTTOY A OTL TX KAAVTEPQ
LEPT) YL TOV AVATITUELAKO OXESLHOUO EIVAL OE UIKPOTEPES KAL OXL LEYAAVTEPES TIOAELG,
QVTAVAKA®VTAG VA avTIoTAOUIopA HETAED OLKOVOULWDV KAILAKAG KoL TPWTOTNTAS, 1)
omola auEAveTal 660 LEYXAWVOUV OL TIOAELG.

H Abjva elvar mapadetypa piag moAv peydAng moane. Evéeiktika, @ioevel to 30% tov
mANOuopoV ™ EAAGSag kot mapayetl to 47,3% touv AEI g EAAGSag. Qotdoo,  Aekavn
QToPPONG IOV GUUPBAAAEL 0TO cVOTHUA VEPELOTG TNG elval TTepimou To 3% tng EAAAGSac.

MeAetwvtag v avénon tov mAnBuopov ¢ ABrvag tov 20° awva Kat TG avAyKng
TOU yla USPEVOT], TO OXETIKO €PWTNUA elval: AltkaloAoynBnke autny 1 HETAVACGTELON
ToAltwv; Oa umopoloe 0 KOOHOG va eixe emAé€el pla mepoxn TS EAAGSag pe
TEPLOCOTEPOVS USATLVOUG TTOPOVG aVTL v (€L 0T OXETIKA Gvudpn Tteploxn Tns ABnvag;

To K00TOG KATAOKEVNG TNG LSATIVNG VTTOSOUN G YIa TNV ABNva yla va @lAogeviioeL Evav
1000 peydro TANOLVopo NTav olyovpa VPMAGTEPO Ao O,TL 0€ GAAEG TTOAELG TTOV NTAV TILO
KOVTQ o€ TMYEG VeEPOU, OAAQ pGAAovV auTtOd Sev NTav avnouvxia Twv avlpwTwv.
[MiBavotata, dev avnovyovoav TOTE YI' auTod Kol SlekSiKnoav «to Sikalwua oTnv ToAnN»
XWPIG Ayxos ylax T SBecIUOTNTA VEPOU KAl TIG TEXVIKEG SUOKOALEG TOU GUOTIUATOG
V8pevoNG, AALG HOVo wBoVEVOL aTIO TIG CUYXPOVES KOWVWVIKEG TOUG oLVONKEG, Lolaitepa
HETAG amo TeEPLOSouG Kplong.

Te éva oevaplo Ouwg mouv ot ABnvaiot Ba NBeAav va peivouv otnv ABNva pe tov
ONUEPLVO TPOTIO (WG OAAA XWPIG AUTEG TIG SLATEPEG VEPAVALIKEG UTTOSOUEG PEYAANG
KAlpaKag, paAAov Ba emédeyav va Tig EavayTtioovy. Me OXETIKI avaywyr] TTOU avaAVETAL
0TO TIHPAP TN TOV TIAPOVTOG TEVXOVG, EKTLUNONKE OTL TO KOGTOG VEPOU TIPLV TA LEYAAQ
épya vmodoung (1913) nrav mepimov 400 €/m3 ywx vepd (oxeddév m T TOUL
ELPLIAWUEVOV VEPOU onuepa). Me Tnv Tiu auti, oL cVyxpovol ABnvaiot, Ba eiyav kavel
amoofBeon TOU KEPAAAIOV TWV OXETIKWV LTOSOUWV TOU OCUCTNHATOG VOPELONG OF
ALYOTEPO ATIO £va P1va.

'ETOL 0UVOALKQ, TTPOAO IOV 1) LEYAAT GLUYKEVTPpwWOT) TIANOBLVoPHOV otV ABnva araitnoe
LIt TIPWTO@AVY £VTHOT Ke@aAaiov yla Tn Slaxelplon Tou vepov, auty odnynoe ot
OULVEXELX O€ TIPOOLTN IPOCBacm 6To veP). ETopévwg, @aivetatl OTL 0L 01KOVOiEG KATHOKOG
0T VOPAVALKA £PYX I TAV ATIAPALTNTES YLK TNV AVATITUEN TG TTOANG TwV ABNV®V.

Eav to oot ua vVdpeuong g ABNvag oxedlaldTav Pe HIKPOTEPOUG TAULEVTHPES, AUTOL
Ba elyav kot pikpotepeg Aekdveg amoppons. ‘ETol, HEYAAEG €KTAOCELS TWV AEKAVWV
QTOPPONG TPOPOSOCING TOV TPEXOVTOG CUCTIUATOS B TAV AVEKUETAAAEVTEG KL YL TNV
efutmpétnon ¢ ()tong Ba mpeme va avéinbel n amdoTHON TWV VEATIVWY TIOPWV.
ETumA€0v, ol ToAVAPLOUES PIKPEG SEEAUEVEG AUTTG TNG EVAAAAKTIKNG B amattovoay Eva
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TIOAV TILO EKTETAUEVO GUOTNUA VEPAYWYEIWY YLA T1 HETAPOPA TOV VEPOU 0TV AB1va. X
QUTT] TNV TEPITITWOT], TO KOGTOG TOV VEPOU 1 TAV TIAAL ALENUEVO.

H Abnva pmopel va Aettovpynoel wg evBappuvtikd mapddetypa. Adyw tov &npov
KAlHaTOG TNG, M Tapoy” vepov otnv ABnva eEaptdtal amd éva cVoTUA TPoWodooiag
VOATIKWY TOPWV HEYAANG KAlpakag O emevdUOEIS ylA TNV KATAOKELN] aUTOU TOU
OUOTNHATOG elyav TTAVTA TNV VYPLOTH TPOTEPALOTNTA Kol EAVCAV TEXVIKA KAL KOWVWVIKA
TPOLAUATA LELWVOVTAS TO OLKOVOULKO KOGTOG WG ATOTEAEGA TWV VTTOSOUWY UEYAANG
KApHaKAG. ZUVOALKE, oL UTTOSoUES Yia TNV VEpevoT TG AB1vag TTIpos@EPouV Eva SI8aKTIKO
mapadetypa Bloouns Slaxelplong TV @UOIKWY TOPWVY Yl TNV €EUTINPETNON TOV
TANOUoHOV KAl TG TTOANG.

‘Eva mapadetypa g Suvaplkng g Slacmopds, eival 1 Slaomopd Twv SacIKwV
OUOOWUATWHATWY KAl 1] KAT avTloTolyio Toug Tpootacio amd TtV mupKayld. ITnv
epyacia meptypd@etal pa Stadikaoia mov Ba evioyve TNV KOWWVIKY OULUVOXT, TNV
QVATITLEN KAL TNV EKUETAAAEVOT] TWV SACIKWY CUCTNUATWV.

v katevBuvon NG Slaxelplong Twv Saocwv, TpaypatomomOnke Siepevvnon HLog
AOYIKNG SacoTpooTaciag Tov SIVEL TPOTEPALOTNTA OTOV HETPLACUO TWV TOTIKWV
TUPKAYLWV O OLVELAOUO UE €Vva KOWWVIKO oUoTNUa SLoTIopAS TwV SACIKWV
OUCOWHATWHATWV.

H 8¢a miow amd autd eival 0Tl Ta StaoTapuéva SaoIKA CLUOTHUATA UTOPEl va
TIAEOVEKTOVUV O€ OX£0T HE TA HEYGAQ SaoIKA cvoowpatwpata. Emonpaivetat 6tL evw n
TPOANYM ot Slaxelplon Twv SAcwV YA TOV UETPLACHO TWV TUPKAYLOV QAVETHL VO
ETKPATEL, 1] OXETIKY TIOALTIKY KAl TIPAKTIKN avamTUO0EL HETPA TTPOCTAGLAG HOVO UETA
ATO PEYAAEG KATAOTPOPIKESG TTUPKAYLEG.

Eowtepikn kowvwvikn doun: KoWwvIK SIACTPWUATWOT KAl KOLVWVIKY SUVAULKT

Ol avBpWTLVOL TIOALTIOHOL £XOUV ETIRLWOEL HETW PUOIKWY KATACTPOPWV, KALLATIKWV
aAdaywv Kat o€ exBpika mepLarlovta.

ATo Staopetika mapadelypata BAETOVUE OTL OTAV VTIAPYEL TIPOTYUEVT] KOLVWVIKN
opyavwon, N Kowwvia pmopel va Eemepdoel mepBaAAovTikd (NTHHATA, OTIWEG EKAVAVY OL
Mivweg, 6Tov TAPA ™V EKPNEN NPALOTEIOV 1) TIG KAILATIKEG aAAAYEG TTIOU GLVEPN oAV
YVUpw oto 1500 .X. Eemépacav TI§ MEPPBAAAOVTIKEG KPIOELG KUL KATEPPEVO AV TECTEPELG
ALOVES apyoTePQ, YOpw oto 1100 m.X.

YTapyel gl YeVIKN TAOT Kot BAETOUUE APKETEG UEAETEG, OL OTOLEG AMETLXAV VA
TPOoPAEPYOLV 1] VX EPUNVEVGOLVV TNV KOWWVIKN €EEALEN Kal TNV KOWWVIKY SUVOLIKN
(lotopikd M onpepa) pe Baon Hovo mePLBAALOVTIKA KPLTIPLOL.

EmumAgov, etvat avap@iofntnto yeyovog 0Ty, OTav 1) KOWVWVLIKT 0pYAV®WOT) KATAPPEEL,
0L KOLVWVIEG eV uTopovv va eTBLwoouv.

Fevikd, emonuaivovpe OTL 0 TEPPAAAOVTIKOG VTETEPULVIOUOG EKTTATOCETAL
EVTUTIWOLAJETAL KAl YONTEVETAL ATMO TA (PUOIKA PULVOUEVA KOL T GUVSEEEL HE TIG
KoWwVvies ywpls va getalel v (Sla Tqv Suvaplkn tous. Qotoco, BAEToupe OTL oL
OMNULOVPYIKEG IKAVOTNTES (TEXYVOAOYLQ, ERTTOPLO, amtoBnKkevOT), TO €(80G TNG KATAVAAWONS
(Bwoo, un Buwopo, n avamtuén 1 VEEoM), 1 KOWVWVIKT SUVALLKT] KL T) TTOAVTIAOKO TN TX
€VOG TIOALTLOHOV £XOUV OTJUAVTIKO POAO 0T BLWOIUOTNTA TOU.
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Emopévwg, elval onpavTikd va KATAVONCOUHE TO MW StatapdxOnke 1 efeAlktikn
TPOXLA TWV TIPWLUWV TOALITIOUW®Y. ZAPWS, Ol AVUUEVOUEVES PACELS VPECTG, Ol OTIOLES
meplypa@ovtat amo tn duvaplkn touv Hurst-Kolmogorov, vmodnAwvouv éva otoiyeio
ETAVAANYILOTITAG GTO OTIOL0 Ol APXALOL TTIOALTIOUOL TAV EVAAWTOL, WOTOCO, AKOUT Kal
oL apxaiol ToAlTIopoi, OTIwS ot Maywa kat ot Mivweg, pmopecav va avtéEouv TTOAAEG Ao
QUTEG TIG PAOELS, TIOAVWG LE KAAN KOLWVWVIKY 0pYAVWOoT KoL T SLoXelpLomn Hag co@ng
eALT.

H mepintwon twv Mvwwv Seiyvel 0TL To KAELSL YL TNV LKAVOTN T EVOG TIOALTIGHOU VO
eVSOKLUEL Elval oL HEYAANG KAIHAKAG VTTOSOUESG KoL 1) TEXVOAOYIA, TTOU PBEATLWOVOUV TIG
ouvvOnkes StaBiwong. Autd TPoUTOOETEL AAAG KAl EVIOYVEL TNV OPYAVWOT] TG KOLVWVIAG.
Ak0A0VOWVTAG AVTAOV TOV ATIAG KAVOVX, OL KOWVWVIEG EKUETAAAEVOVTAL TX TTAEOVEK T LAT
TWV OLKOVOULWV KAIHOKAG Yl UTTOPECOUV va BNPevoouV TO TAEYUX VEPOU-EVEPYELAG-
Tpo@ipwV Tov elval amapaitnto ywx tnv emiBiwon kat v eunuepla. I'a va yivel autg,
elval amapalTnTn 1 0PYAVWOT), 0 KATAUEPLOUAG TNG EPYATLAS (TTOV AVAYKAGTIKA 0ONYEl
o€ KOWwVIK Slaotpwudtwon) kat 1n avamtuén (mou avaykaotikd odnyest oe
TOAVTIAOKOTNT). YTIO TO Tiplopa auTo, BEWPOUE EMOUEVWS TNV KOWVWVLIKT SUVAULKT WG
OTUAVTLKY, AV OXL TNV TILO GTUAVTIKTY, GE CUYKPLOT) LLE TIG EKTIUTOELS TOU TIEPLBAAAOVTIKOV
VTETEPULVIOUOV.

Inv gpyaocia, EEAYETAL TO CUUTEPAC A OTLT) KOLVWVLIKT 6UVOXT UTopel va aloAoyn el
amo AQUTO TIOU OVOUACAUE WG «ECWTEPLKN Soun TNG kowwviag» (tnv Stapdpemwon g
KOLVWVIKNG SLACTPWUATWONG) TIOGOTIKOTIOMUEVN UE TNV UEB0SO TNG eEVIpoTiag.

IOp@WvVA PE TNV TPOCEYYLON QUTH, 1| HOUKPOTIPOOECHN KOLVWVIKY KOl OLKOVOLKY
avamtuén Selyvel OTL CUVSEETAL LLE TNV KOW®VIKT] SLACTPWUATWOT], OTIWE TIPOKVTITEL KAl
amd v apyn ™G UEYLOTNG evtpoTiiag. QoTd00, 1| KOWMVIKY SLAoTPWHATWON E€XEL
ap@ofnm el wg uowny avBpwTLvn TAOT ATO TOUG TEPLOGOTEPOUG AVOPWTOAGYOLG
ywati oxetiletal pe To avti-mapaderypa Twv Kuvnywv-ZuAAeKTmv.

Ouwg Ba 7Mtav vmepamAovotevon ov Bewpovoape OTL oL Slabeoipol mOPOL
Katavépovtal e&loov PeTadl TV HEAWV TNG Kowvwviag. [pooc@ATEG OYETIKEG EpYATIES
delyvouv 0tL M mPdodog otV Texvoloyin kat otn Stabeaun evépyela (xprion (wwv) otnv
apxadta oxetiletal pe v avinon TG avicoTNTag evw TA (Sl CUUTEPACHATA
TIPOKUTITOUV ATO AAAEG EPYACIES KL VLA TIG GCUYXPOVEG OLKOVOLLLEG.

To kplowo onpelo ™G KOWWVIKNAG OUVOXNG €lval 1 KOWwVIKN) opydvwon. Edav n
KOLVWVLKT] 0pY&Avwon amocuvteDel, 0 ToATIoNOG Ba katappevoet. [Tiotedetal 6T nOKN
TIAPAKUT KXLT aKpaio SLLOTPWUATWOT) Eval LEPIKES ATt TIG ALTIEG IOV CUUBAAAOVY OTNV
KATAppevotn Tou moAltiopov. I mapadetypa, otnv BLBAKN oTopia TG TEPLOSOL TWV
«TLAXLOV KL TWV LOXVWOV AYEAGSWV», €AV oTa Xpovia NG agboviag, o Papaw kpatovoe
00 TO TMAEOVACHA TNG ATTOOTN KNG YLA VA LKAVOTIOOEL TNV EALT KL VO AYOPAGEL AYXPNOTA
ovuBoia e€ovaiag, N KOWwWVIKY Kpion, 0 AoLog Kal N katdppevon Ba ) Tav LovoSpoog.

M @domn V@eong onuaivel kat petafoAn g dtactpwpdtwong M yevikny okeym
elval OTL 0 TILO EVAAWTOG TTANBVOUOG 0€ AVTY) TN PAOT elvatl 1) EALT, kKaBwg 1 VTTAPET ToVG
Baoiletal oto mMAeOVaouQ, To omoio Ba meploploTel. QoTOOO, Elval akpLBWSG aUTO TO
TAEOVAC X TIOV SIVEL GTNV EALT TNV AVOEKTIKOTNTA O€ (PACELS VPEOTG KL T SUVATOTNTA
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VO KATATIECEL TA KATWTEPA OTPWHUATA 1) VX avaSLAVEIPEL TOV TTAOUTO HE TTOAAATIAOUG
UMY OVIO OV,

H emopevn ewova Selyvel To mwe pa @dom V@eong Ba emmpeale TOUG ETWYXOVS EAV OL
mAovool 8ev avadlavépouy Tov TAoUTo. H pmle meploxn Selxvel ta dtoua Tov
eMnpealovTal OTav oL TTOPOL LELWVOVTAL KATA TEpiTov 10%.

Zmv katavoun Pareto (yia mapadetypa otnv Apxaia Atyvmrto 6mov o Seiktng Gini
vmoAoyiletal kovta oto 0,7), Ba emmpeactel mepimov To 80% Tov MANOLGUOV. ZTNV
exBetikn Katavoun, Ba emmpeaotel mepimov 10 40%. Xe pa EVIEAWG LOOTLUN KOV,
KaBwg 0AoL oL avBpwTol eival (ool Ba pmopovoe kaveic va vToBéoel 6TL avToO Ba elxe
avtiktumo oto 100% tov TAnBuopov.

= o o 100 - 2
S 100 Total equality ES Total equality
2 equalit 23 Social stability
B 80 Social stability £2 80
c . . o Greediness of the elite
s Greediness of the elite o
o 60 = 60
g %
g 4 2 40
= kS
© 20 g 20
] O e R SN er A
= \ | ! B O = - L »
5 , oo 888880 0 Fo-aB3
0 10 20 30 40 50 60 70 80 90 100 0 _ 50 100
Share of people from lowest to highest incomes Cumulative share of people from lowest to
(%) highest normalize incomes (%)
(a) (b)

Ewdva: Ald@opol tOToL KOWwvIKNS Staotpwudtwons. Ta ykpt TeTpdywva Seiyvouv pia
Kowwvia TANpoUG LoOTNTAG, Ol TTOPTOKAAL KUKAOL L KOlvwvia pe eKOETIKY KaTavour TAOUTOU
Kal oL kKitpwvol poppol tTnv katavoun mAovtov tumov Pareto (a) Mepidio mAovtou (b) Kapmiin
Lorenz (n umAe meploxn avtiotoyel og vpeon 10%).

To mapaderypa auto, Selxvel v SUVAULKY WG cO@ENG €ALT otnv SlaThpnon g
OUYKPOTNOTG TNG KOWWWVIKIG GUVOXTG, QKON Kol o€ TIEPpLOSoug veonG. H totopla Seiyvel
OTL Ol SLACTPWUATWHEVEG KOLVWVIEG SPKECAV YA UEYAAO XPOVIKO SlaoTtnua Otav
E8woav TPOTEPALOTNTA G€ VAV KAAVTEPO TPOTIO {WT)G YL TA HEAT TNG KOWVWVIXG.

IoAttioutka otolyela evnuepliag

Me Vv mpoUmo0eoT OTL TA TAPATIAV® {NTHHATA EXOVV PE KATIOLOV TPOTO ETAVOEL, aipov
amote AoV TpoUTOOEDT Yl TNV (Sl TV UTapén Tov avBpwTov, eEeTAlETAL 1) ALCONTIKY
TOL TEPLBAAAOVTOG WG (TN EVTUEPLAG.

Ta tedevtaia xpovia, ot Sadikacieg TEYVNTNG VONUOOUVNG Kol TA UABMUATIKA
UTIOAOYLOTIKG epyodeia €xouv xpnotpomomBel yio v avdmtudn nefodwv tagvounong
Kat agloAdynong g aedntikns. ‘Exouvv emiong xpnowpomomBel pébodot mapaAiayng
KALOKOG TIAPOUOLEG UE TNV TAPOVCLA{OUEVT] OTOXAOTIKN avaAuvomn, aAAd ouvniBwg
meplapfavouv oAV mepimAokeg Stadikaoies kal adyoplBpovg mov dev eival eVKoAX
Katavontol amd pn 181koVg.

Iy epyacia avadelkvUETAL TO TWG TO OTOXNOTIKO €PYNAEl0 TOL QAVATITUXONKE,
TIOGOTIKOTIOLEL HEGW KALLAKOYPAUUATWY, TNV SLACTIOPA TNG PWTEWVOTNTAS OE ULA EIKOVA
He amotédeopa va eEdyovtal XpOLHA CUUTEPACUATA Yl TNV aloOnTikn afloAdynon
TWVAKWV {WYPAPLKNG KAl QOTOYPAPLOV TAPATPWVTAG OTOXACTIKA HOTIBa peTadld
SLAPOPETIKWV OUASWV KOUAALTEXVDV 1] KAAALTEXVIKWV TACEWV.
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Iy eme€epyaoia KOAATEXVIKWV EPYWV TOV TIAPOVCLAJETAL GTNV TTAPOVCH EPYATiQ,
ETKEVTPWONKAUE 0t TIVOKEG KAl @WTOYPAEIeG Tov amewkovi(ouv 1o avOpwTLVO
mpdowTo. Evtomioape Sopég eEApTnoNG TAPOUOLEG HE AVTEG TWV PUOLKWV SLEPYATLWV,
ue péoo 6po H = 0,9, oe pwtoypa@ie TpooHTwV, KABWS KAl 0€ TTOPTPETA IOV AVIKOUV
otV mepiodo ¢ Avayévvnong/MTapdk Kal 0TI AUTOTIPOCWTIOYPAPieEG Tov Péumpavr.
Ta TopTpéTa HOVTEPVAGS TEXVTG KL TA TTOPTPETA TOL [Tikdoo £xouv emiong éva péoo Hx
0,9 Tov vTodNAwvouLV oXVPES Sopég eEapTnonG, aAdd Selxvouv éva evpVTEPO PACUA
SLAKLPAVOEWV EVOEIKTIKO TNG ETSIWENG LG L0 EAEVOEPTG KAAALTEXVIKIG EKQPAONG.

AvtiBeta, oL o avotnpES BulavTivéS Hop@ES TToL epttvéovTal amd To OpBodofo Adypa
Tapovolalovv pila Yevika acbevéotepn doun e€dptong (nécog 6pog H = 0,8) kat tov
HIKPOTEPO ouvTeEAEDTY) Stakupavons (0,379) petagd Twv AAAWY GUVOAWV.

Avutd ta evprjuata vVTodnAwvouv OTL 1| Tapovclalopevn pebodoroyia pmopel va
OUVAGBeL ™ oxéon HETAED TNG OTOXAOTIKNG EKPPACTG TWV EPYWV TEXVNG KAL TWV
@LO000@IKWV MTNUATwV TIov BEAovy va teptypdaouv (desideratum).

Agdopévou otL 1 pebodoroyia avutn, £6eée OTL elvat alOTLOTN HECW TNG ALOONTIKNG
agloAdynong Epywv TéYVNG, XpnolomomOnke otnv afloAdynon TG UETAPBOANG TOU
TOTiOV AOYW TWV TEXVOAOYLK®WV UTIOSOU®WY, a@oV 1 alocOnTiky) Ttou ToTiov Eeivatl
TPOUTOOEDT YLA ELNUEPOVOEG KOLVWVIES.

Ta €pya TEXVOAOYIKNG KAl QOTIKNG ULTOSOUNG LTOoTNPL{ouv TIG AVAYKES TNG
avOpWTIVNG Kowwmwviag, dAA& SnpLovpyolV €VTOVOUG HETAOXNUATIONOVS O XOTIKA Kol
@PUOIKA ToTilar o€ TOAAATAEG KAl{pakes. OU petaoxnuatiopol autoi, yivovtal akoua
TEPLOCOTEPO AVTIANTITOL OTAV XAAALOVV, AOTIKA 1] (PUOLKA, LOTOPLKNG KL TIOALTIOTIKIG
onuaoctiag tomia. Ta Tomia (KAoTPA, TAPASOCLHKOL OLKIGUOL, LEpOl TOTIOL K.ATL.) PEPOLV TO
TVeELPA TOV TOTOV (AaTwvika: genius loci) kal 0 HETAOXNUATIOUOG TOUG LE GUYXPOVES
UTIOSOUEG UTTOPEL VAL ETNPEATCEL TOGO TNV ALCONTNPLAKT EUTIELPLX TWV ETILIOKETTWV OG0 KAL
N YVWOTIKI TOUG avTIANYn Tov TOTov. OL EMMTWOELS TWV VTIOSOUWYV GTO TOTILO UTTOPOUV
VO CUOXETLOTOVV UE T1 BLWOIHOTNTA TWV VTTOSOUWV, TOG0 WG TTPOG TIG AVTISPATELS TWV
TIOALTWV 0T £PYN VTTOSOUWVY GTO OTASLO TNG AVATITUENG, OG0 KAl WG TIPOG TLG ETLTITWOELS
OTNV TIOLOTNTA (WG TWV TIOALTWV, LETA TNV OAOKAT| pWOT) TWV EPYWV.

Méow SLa@opwv cLVSVACTIKWV TAPASELYPUATWY, cUUTIEpALVETAL OTL ] peBodoAoyla
oV Tapovolaletal, pmopel va Ppel gvpela e@apuoyn o€ PEAETEG TOTIOL KOl Vo
TOCOTIKOTIOCEL TNV HETAB0AT] TOL.

[Tpémel woTtd00 Vo onuelwBel OTL Evag TTEPLOPLOUOS AV TNGS TNG HEBOSOV EyKELTAL OTNV
UTIOKELLEVIKOTN T TIOV OXETITETAL [LE TO TIOLOL TUTIOL KO TIKWV VTIOSOUWV Bewpolvtal 0Tl
€XOUV APVNTIKO QAVTIKTUTIO OTO TOTO kKal Tolol Bewpovvtal Betikol. Qotdco, 0
TIEPLOPLOUOG QUTOG UTTOPEL VO TIEPLOPIOEL TN OXETLKI] VTIOKELUEVIKOTNTA TOV, HECW TG
avVAALONG TWV AVTIANYPEWY TOU KOLVOU.

ZUYKEVIPWTIKA CUUTIEPACUATA
H epyacia aut meplypa@el wg OeUeAWSELS TIG TTAPAKATW TAPAUETPOVS KOLVWVLIKNG

eunueploag.
a) H Paon g evnuepiog eivor 1o TAEYHO VEPOV, EVEPYELNG KL TPOPIUMOV.
b) H g&wtepixn popporoyia Tng KOW®VIAG TEPLYPAPETOL ATO:
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e Tnv avartuiloky SLVOUIKY] TOV GUCOCOUOTOUATOV TOL 00NYEL GE OUKOVOUIES
KAMpoKog.
e Tnv mpoctatevTiKn dSVVAIKN TNG O10GTOPAG.

€c) H eootepkr doun g Kowmviog mEPLYPAPETAL amd TNV KOWOVIKY SUGTPOUATMOGN
(katavour Tov TAOHTOL), | HOPEN THG OTOING EIVOL OVGIMOEG KPITNPLO TNG KOWMVIKNG
guNUEPTOG KOl TOGOTIKOTOIEITOL LEG® TNG EVIPOTIOG.

d) TMoMtouikéc mapduetpol Om®S M otk tov TOmiov, &ivar TAEoV duvatdv vo
TocOoTIKOTOMNBOOV G€ O OMGOTIKY| TPOGEYYION HE TO OTOYOOTIKA EPYOAEio Tov
avamtoyOnkay.

H moootikomoinon pe otoxaoTikés peBOSoUE OV VAT TUXONKAV TWV TAPATIAV®
TAPAUETPWY TIOU ATTOTEAOVV TN PBAON Yl TNV KOWVWVIKN EUNUEPLN, ATOTEAOVUV TNV
TPWTOTUTILA TNG EPYATLAG.

H eme€epyacia twv §edopuévwv 06nyel 610 YeVikO cupuTépacua OTL: YTIAPYOoUV TIOLKIAEG
OUAAOYLIKEG UVTACLWOELS (LLE ETMOTNHOVIKO TEPIBANUA) TTOV ETIKPATOVV, OL 0Ttoleg Sev
VTIAKOUV 6TOV 0pOOAOYLOUO, UE ATOTEAEOUA 1 EVNEPia Vo StakvBeveTal.

Q¢ gk T0UTOV, 0 0pBOAOYLONAG elval TPOUTIOOEDT TG VT UEPLOG.
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Chapter 1. Introduction

1.1 Motivation and general setting

Living organisms pass through life seeking prosperity in a materialistic world.

There are different meanings of prosperity. Some people think that it is measured in
money, others relate it to pleasure and life satisfaction, while others link it to spirituality.
However, it could be argued that the basic human needs related to the Water, Energy and
Food (WEF) compose a nexus not only necessary for the survival of humans, but able to
explain their prosperity as well.

Unfortunately, decision-making in modern world is largely driven by economic aspects
and monetarist policies. Koutsoyiannis (personal communication) notes that water,
energy and food are not derived by money; rather money and economic growth derives
from the availability and the access to water, energy and food.

In this thesis, we study critical issues of prosperity rationally, using publicly available
data, historical evidences and stochastic tools. The studied issues are based on the WEF
nexus but extend to various other societal, environmental and cultural aspects of human
life in societies, ranging from social stratification and urban clustering, to the aesthetic
quality of surrounding environment.

1.2 Outline of the thesis

In Chapter 2, we see that the archetypical measures of wealth with economical value (gold and
silver), do not have a standardized value. However, we show that access to WEF nexus is
positively associated to higher life expectancy which is the true wealth in our materialistic
world. In addition, we examine the conflicts between the nexus and the contribution of each
different part of the nexus to life expectancy. Analysing the access to nexus from antiquity to
the present day, we note that humanity have not done great progress in the last 2000 years, as
about 2 billion people (about 1/4 of the population) live with less access to food and water than
in antiquity.

In Chapter 3, we introduce and analyse two elements that are found critical for prosperity:
the clustering of society and the distribution of wealth. First, we argue that the external
dynamics of societal clustering and partitioning can be seen as natural processes, as clustering
is associated to growth and partitioning is a way of protection in nature. Human societies and
related economic structures (e.g. economies of scale) are shown to behave in a similar way.
However, a critical element for the social cohesion and prosperity is the distribution of wealth
which formulates the interior structure of the society.

In Chapter 4, we introduce the stochastic tools that are developed in the frame of this thesis.
These tools help to:

a) Study the clustering in 2D space which helps to perform quantitative analysis and form
related conclusions about the aesthetic elements of an image.

b) Quantify the evolution of clustering in 2D space which helps to understand and characterize
the evolution of clustering in nature and social structures.
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C) Analyse the entropic aspects of the distribution of society’s wealth and study the inequality
of societies by an entropic index of inequality which help to gain insights into the stability
and the dynamics of social structures.

Using the tools presented in Chapter 4, in Chapters 5-8 we examine the following case
studies:

a) Agricultural land or photovoltaic park in Thessaly plain: Studding the WEF nexus in
Thessaly plain, we see that, the cultivation of kiwifruit has great potential economic
benefits, similar to photovoltaic parks. However, kiwifruit is native to the Yangtze Valley
of northern China, an area with abundance of water. We note that, as the water resources
are limited in Thessaly plain, kiwifruit is not a sustainable cultivation in big scale, as it
requires water which is not available.

b) Clustering: Clustering is a driving force of growth. We analyse the evolution of clustering
in structures of nature starting from cosmological simulations, living organisms and
ecosystems. We also see that clustering is increased in social structures with dynamics of
growth. The Athens water supply system is a typical example of clustering. Athens has one
of the biggest aqueducts in the world. Analysing the cost and the effectiveness of
infrastructures, the evolution of the cost of the water in 20th century and the evolution of
the city’s population we see how large-scale infrastructures are cost effective and are the
key to growth and quality of life.

c) Partitioning: Partitioning is a de-growth progress but it is also a way of protection. As a case
study we analyse the evolution of the fire in Euboea in August 2021 using satellite and
meteorological data. We see that, clustered structures (as the forests in North Euboea) are
more susceptible to threats (as wildfires), as one incident can destroy the whole structure.
Therefore, we present a forest conservation approach based on the partitioning of the forest
could as a way of protection.

d) Mechanisms of social prosperity and collapse: In order to analyse present or past
civilizations, we will note that Western thought is driven by environmental determinism.
However, we present examples of past and present case studies as Minoans, Mayans, Easter
Island, and Agenda 21 in which environmental determinism fails to explain and to predict
the dynamic of society. In addition, we will see that social dynamics and stratification are
critical elements for the prosperity of societies.

e) Cultural elements: In this part we see the analysis of art painting images and their stochastic
evaluation showing that the developed stochastic tool is reliable for aesthetic evaluation.
Furthermore, as the aesthetic quality of our environment is also a determinant for prosperity,
we develop a method which evaluates the degree of transformation of the landscape by civil
infrastructures.

1.3 Main original points

The main original points of this thesis are:

a) The saliency of WEF nexus and the quantification of growth and prosperity using
publicly available data with stochastic tools.

b) The introduction of a stochastic method for the quantification of the evolution of
clustering and its’ correlation with the dynamics of nature and society.
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The finding that entropy @ can describe social dynamics and the introduction of the
entropic index of inequality @,.

The subversion of “Small is beautiful” as we highlight that, economies of scale and
large-scale infrastructures are key elements for prosperity.

The subversion of environmental determinism as we show with examples that it fails
to explain past and present dynamics of societies.

The quantification of aesthetical aspects with stochastic tools and the evaluation of
the transformation of natural landscapes by civil infrastructures.
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Chapter 2. The basic needs for prosperity

2.1 Money

«kal ffkovoa ws ewvny €v uéow TV tedodpwy {Owv Aéyovoav’ yoivié aitov Snvapiov,
Kal Tpeis yolvikes kpLOijc Snvapiov’ kal To EAatov kal TOV oivov un aditkone»
(Kawvn) AwaOnkn, AmoxdAvyn 6:6)

“and I heard a voice in the midst of the four beasts say: A measure of wheat for a denarius,
and three measures of barley for a denarius; and see thou hurt not the oil and the wine.”
(New Testament, Revelation 6.6)

There is a general criticism about the pursuit of humans to wealth which is attributed to
their greediness. However, if we look in analytical data, we see that economic status is the
quantified prosperity which increases the life expectancy of people, e.g., as seen for Gross
Domestic Product (GDP) of 172 countries (Figure 2.1) UK (1600-2011) and global
average between 1870-2011. In this regard, Confucius famously said that “the first wealth
is health” (Bao, 2003; Guo, 1995).

81,500 ® GDP per capita global average: 1870-2011
GDP per capita UK: 1600-2013
71,500 . :
GDP per capita country's average (2016)
61500 + -~ -Global data: Linear trent
UK data: Linear trent l "
51,500 - -- -County's average data: Linear trent

41,500
31,500

21,500
11,500

GDP per capita (2011US$)

1,500

Life expectancy (years)

Figure 2.1 Life expectancy related to GDP per capita per year!; global average (1870-2011) and
172 countries’ average data (2016) UK data (1600-2013)!,

2.2 Can we standardize the economical symbols of wealth?

Since prehistory humans devoted much of their energy for making works of art, jewellery
and other inoperable objects, which eventually became the testimony of his civilization.

I Data retrieved on 2022-02-17 by https://ourworldindata.org/life-expectancy
I Data retrieved on 2022-02-17 by Maddison Project Database 2018. Available online:
https://www.rug.nl/ggdc/historicaldevelopment/maddison/releases/maddison-project-database-2018.

Il Data retrieved on 2022-01-25 by the Bank of England, Home Statistics Research datasets, available
online: https://www.bankofengland.co.uk/statistics/research-datasets
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The redundant activities that do not aim to meet survival needs are aimed at two very
volatile values: the beauty, which mutates in every cultural phase, and the rarity.

In order to find a stable measure to exchange values, humans needed something
precious and rare enough. Professor Andrea Sella, in a very interesting article for BBC!
explained why mankind's consider gold and silver are precious. Especially for gold, he
notes that as other metals are white or red (coper) and most of them can be oxidated, the
secret of gold's success as a currency is that with his unique yellow colour, it is
unbelievably beautiful. However, as the demand for gold and silver can vary wildly with a
fixed supply, that can lead to equally wild swings in its price. Therefore, he concludes that:
“gold [and silver| makes the worst possible currency”.

Koutsoyiannis and Mamassis (2021) note that mythology have been very influential in
triggering social behaviors. Ancient Greek Mythology describe the subjectivity of gold and
how Midas was trapped and starved by his divine charisma transforming everything to
gold which is not eatable (Roller, 1983). However, this myth seams that was a footnote to
social perceptions, as gold and silver have a timeless value.

Since the beginning of money’s history, precious metals were used as symbols of
exchange value because, unlike energy, they have a material substance. In Roman Empire
the ratio Gold-to-Silver was about 11-12:1 (Steinlauf, 1945). In modern times, the U.S.
government fixed the ratio at 15:1 with the Mint Act of 1792 (Nussbaum 1937). Since late
19th century historical data (orange line in Figure 2.2 a, b) shows that values had a small
variance and the ratio (Figure 2.2c) could be considered as consistent to the Mint Act.
However, the ratio starts to fluctuate in a wide rage at the end of 19th century.
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Figure 2.2 (a) Values of gold!}; (b) Values of silver!l; (c) gold-to-silver ratio.

I' Rowlatt, J. Why do we value gold? 8 December 2013. Available online:
https://www.bbc.com/news/magazine-25255957 (accessed 25 January 2022).

I Data retrieved on 2022-02-17 by Gold Prices (Monthly in USD) Available online:
https://datahub.io/AcckiyGerman/gold-prices

I Data retrieved on 2022-02-17 by 66. Historical data: Silver (ozt) / U.S. Dollar 1:1 (XAGUSD) Available
online: https://stooq.com/q/d/?s=xagusd
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The last attempt to consolidate the relation of money to precious metals was made in
July 1944, at the Mount Washington Hotel near Bretton Woods, which gave rise to what
is widely known as the Bretton Woods Agreementl.

There, the absolute dominance of the dollar in the markets; the strict adherence to
trade agreements even between struggling and powerful economies and the linking of the
dollar to gold at $35 per ounce were established. But as US had devalued dollars currency,
with a unilateral proclamation on an August Sunday in 1970, Richard Nixon!' suspended
the convertibility of the dollar into gold (Irwin, 2013).

Although many analysts at the time predicted the end of the dollar, in an ingenious
move that can be said is looking back to the archetypal association of capital with energy,
two years later the Americans, through the mediation of Henry Kissinger, came to an
agreement with the Saudis and in exchange for guarantees of their security, persuaded
them to make all oil transactions in dollars!!l, releasing the values of gold, silver and oil in
a wide range of fluctuation (Figure 2.3a). However, we have to note that even before the
petrodollars, their ratio was fluctuated (Figure 2.3b).

Silver Oil ——Gold —i— Gold-to-Silver Ratio —=— Qil-to-Gold Ratio
o 120 - 2000 » - Oil-to-Silver Ratio
%y\g 2 120 10 o,
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8:)% \?’ l\ ” 1500 § 100 Y VN hA‘L'A/‘AA‘/.‘,,,I” AA”‘ AAA yo's £a AA‘AAAL'LA\ k=]
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== ’ | @ gy | wM l ! A l‘Tl Q:
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Figure 2.3 (a) Values of gold, silver and oil'V; (b) ratios of gold, silver and oil.

2.3 The true wealth. Water-Energy-Food (WEF) nexus

«OUK ém’ dpTw pove {ostat dvBpwmog» (Kawn Aiabnkn, Kata Matbaiov 4:4)
“Man shall not live on bread alone” (New Testament, Matthew 4:4)

IGhizoni S. K.: Creation of  the Bretton = Woods System  Available online:
https://www.federalreservehistory.org/essays/bretton-woods-created (accessed 25 January 2022)

' Nixon and the End of the Bretton Woods System, 1971-1973. Available online:
https://history.state.gov/milestones/1969-1976 /nixon-shock (accessed 25 January 2022)

70, The U.S.-Saudi Arabian Joint Commission on Economic Cooperation. Available online:
https://www.gao.gov/products/id-79-7 (accessed 25 January 2022).

IV Data retrieved on 2022-02-17 by US Energy Information Administration (EIA). PETROLEUM & OTHER
LIQUIDS. Spot Prices. Available online: https://www.eia.gov/dnav/pet/pet_pri_spt_s1_m.htm (accessed 25
January 2022).
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Humans need a constant supply of water, food and energy to live. These resources are
connected to life expectancy, prosperity and wealth (Sargentis, 2021a), and are necessary
in sufficient quantity and in quality. Survival limits of humans are 7 days at most without
water, and about 45 days without food (Pimentel, 2003), which also represents the energy
source for the human body. Thus, food and water require constant replenishment. As
energy is essential for prosperity, the whole structure of society has been diachronically
shaped and has evolved through systematic expansion of its energy consumption.

Digression 2.A: From sun to humans

Sun and Earth are the sources of Water-Energy-Food (WEF) nexus which are precious goods.
Koutsoyiannis (Koutsoyiannis, 2020) notes that: “...the total energy involved in the hydrological
cycle is 1.290 x 1024 ] yr-1 or 1290 Z] yr-1. ... This is about half the global solar energy absorbed by
the Earth (161 W m=2 according to Trenberth et al,, 2009 (Trenberth, 2009). Compared to the human
energy production, which in the past decade was about 170 000 TWh yr-1 or 0.612 Z] yr-!
corresponding to the year 2014; (Mamassis et al,, 2021), the total energy involved in the water cycle
is 2100 times higher. Put differently, the total human energy production in 1 year equals the energy
consumed (or released) by the hydrological cycle in about 4 h.”

Summarizing, we conclude that half of the energy provided by the sun is being consumed in
the water cycle, and its consumption is a necessary condition for human life (Frank et al., 2011).
A small part of the other half is being used to convert inorganic to organic matter (Lewis, 1945).
Humans consume a small part of the organic matter as food (animals, plants) and another part as
energy (wood, oil (Kvenvolden, 2006) etc.) which is essential for prosperity (Figure 2.4).

Figure 2.4 Solar energy moves the water circle and transforms inorganic matter, to useful
organic. Water, food, energy supplies are essential for human survival and prosperity.

An important issue also, is to understand the interactions between the WEF nexus (Figure 2.5
(Sargentis et al., 2021b).

Figure 2.5 The interaction between water-food-energy nexus.
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The multiple and complex interconnections between water, energy and food, either expressed
as complementarities or conflicts, raised the need for an integrated viewpoint, to ensure a fair and
sustainable sharing of the three vital resources across all scales of interest (international,
national, local). In this vein, the concept of Water-Energy-Food (WEF) nexus is recognized as the
running paradigm for their combined planning and management (Gulati et al., 2013; Simpson et
al, 2019; Yu et al., 2020; Del Borghi et al., 2020; FAO 2014).

In addition to these three critical elements, land is also a precious resource (Rulli et al., 2016;
Magliocca, 2020; Berndes et al., 2017). Land is needed for food production, or for cultivating
biofuels, both raising water needs for irrigation (FAO, 2008; Popp et al., 2014; Stenzel et al., 2021;
Marta et al., 2011). Recently, it is also used for the installation of all kinds of infrastructures that
are associated with energy and water production (Teter et al., 2018). In this vein, a major conflict
arises within the WEF nexus, given that land is their common interface (OECD, 2017; Hoff, 2011}
Spang, 2014).

2.4 Overview of WEF nexus and conflicts

Even there are many related books and studies of water-food, food-water, water-energy,
energy-food, references of “water, energy, food” in papers and articles can be found
starting in 1960s (Figure 2.6, Figure 2.7). In 2009 Koutsoyiannis et al. (Koutsoyiannis et
al., 2009) connected the competition of these issues and the necessity to study them
together under the prism of uncertainty. Nexus’s potential has become clear among the
scientific community after 2011, (Simpson 2019) and recent years the WEF nexus has
been of particular interest to the scientific community!! (WEF, 2011; Yang et al., 2013).
Furthermore, there are many attempts for the transition from the theoretical aspects of
WEF nexus to the practical ones (Albrecht, 2018).

In prehistory, humans relied on energy and water to transition from hunter-gatherers,
to farmers, and this gave them the ability to cluster in smaller spaces like cities. The
increase of clustering gives rise to civilization (Sargentis et al, 2020b). Nowadays,
humanity is facing a major challenge: the rapidly growing demand for WEF. Population
growth, the different ways of life of each society, and the urgent need to improve WEF
security for the poorest are putting increasing pressure on resources (Chanzimpiros et al.,
2007). Unless there are significant changes in production and consumption patterns,
agricultural production should increase by about 60% until 2050 and global electricity
production is projected to increase by about 60% over the next ten years!!l. Thus, we note
that a careful management of the nexus is required.

' Hoff, H. Managing the Water-Land-Energy Nexus for Sustainable Development. United Nations Chronicle.
Available online: https://www.un.org/en/chronicle/article/managing-water-land-energy-nexus-
sustainable-development (accessed on 29 June 2021).

134, The water, Energy & Food Security Resource Platform. Available online https://www.water-energy-
food.org/ (accessed 27 June 2021).
IMWEF Background. Available online: www.water-energy-food.org/mission (accessed 27 June 2021).

IRENA, Global energy transformation: a roadmap to 2050, 2019. Available online:
https://www.irena.org/publications/2019/Apr/Global-energy-transformation-A-roadmap-to-2050-
2019Edition (accessed 27 June 2021).
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Figure 2.6 Frequency of appearances of the indicated phrase in Google Books up to year 2020
(Michel et al., 2011). Data adapted graphically by Google ngramsl.

—\Water Energy Food Water Energy Food Nexus
g8 01 S 0015 oo
5 2
g S g2
> @ L O
o C =)
o W N g
© & 005 - 0.0075 &
=3 L5
8= 22
@ W
o & %
0 —- -0 =

1950 1960 1970 1980 1990 2000 2010 2020

Year

Figure 2.7 Relative frequency of appearances of the indicated key phrases in the article titles,
abstracts and keywords of about 70 million articles written in English, which are contained in the
Scopus database up to 20211

Digression 2.B: WEF optimization

Notably, the optimization of WEF nexus management is already part of the evolution process
of homo sapiens. Related papers have overviewed the relationship, through the evolution process,
of homo sapiens with items such as:

e water and food consumption (Sargentis et al., 2020)

e walking on two feet which was an energy-saving step (Michael et al., 2007)

e the function of the brain which is more energy efficient than animals (Boyer and Harrington,
2018).

As WEF nexus is so critical for human survival, and the abundance of resources is connected
to life expectancy (Figure 2.8-Figure 2.10) we have to assume that an optimization of WEF nexus

I'Data retrieved on 2022-02-17 by https://books.google.com/ngrams /
Il Data retrieved on 2022-02-17 by https://www.scopus.com/
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management is required and it is very important to minimize the resources for production. In this
aspect the target should be to isolate the parts of the nexus and minimize e.g. water for food, water
for energy, energy for water, energy for food, fertilizers for food, etc.

In these circumstances, an important issue is to ensure secure access to WEF nexus for all
people, reducing inequalities.

2.5 The role of water, energy and food for humans

Life expectancy is depended on the availability of water-food-energy nexus which is
necessary for survival (Figure 2.8, Figure 2.9, Figure 2.10). The optimum caloric supply
for humans is between 2000-2500 calories!. However, data from 172 countries’, UK
(1600-2013) and global average, shows that even more consumption of caloric supply are
corelated to life expectancy and is an indicator for prosperity (Figure 2.8).

Since Homeric times the size of ox’s or cattle’s herd signified the wealth of a person.
The symbol of wealth measurement in Roman Empire was the head of an animal (Latin:
capis), which bequeathed to us the term capital. In 1909 Wilhelm Ostwald first noted that
energy consumption is corelated with life expectancy (Ostwald 1909). Data in Figure 2.9
shows 172 countries’ average and global average (1870-2011) which confirm his
hypothesis.

< 4,000 [ e Daily caloric supply (kilocalories per capita per day) global average: 1965-2011
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::‘::_ ..g Daily caloric supply (kilocalories per capita per day) UK: 1600-2013 4 -
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Figure 2.8 Life expectancy! related to daily caloric supply; global average (1965-2011) and 172
countries’ average data (2016) UK data (1600-2013)".

I'Report of a Joint FAO/WHO/UNU Expert Consultation, Food and nutrition Technical reports series, 2001.
Available online: https://www.fao.org/3/y5686e/y5686e.pdf (accessed 25 January 2022).

I'Data retrieved on 2022-02-17 by https://ourworldindata.org/life-expectancy

lIData retrieved on 2022-01-25 by FAOSTAT, United Nations Food and Agricultural Organization (FAO).
Available online: http://www.fao.org/faostat/en/#data/FBS.

VDataretrieved on 2022-01-25 by the Bank of England, Home Statistics Research datasets, available online:
https://www.bankofengland.co.uk/statistics/research-datasets



33

~~
§ 100,000 e Energy per capita global average: 1870-2011
- .
\c-s/ e Energy per capita country's average (2016) l
S
% - - -Global data: Linear trent 2 ® o
o -Russia
o - - -County's average data: Linear trent - o g
o e o
3 50,000 | »
> l o 070
e L L
L e .00,
o . ¥, 0%
Nigeria L] ‘.,.’.. ..01.. .
Sooth *
g o “ Y
O - —‘.'v ---------- \-. d _‘ # e ..\ .
25 35 45 55 65 75 85

Life expectancy (years)

Figure 2.9 Life expectancy! related to annual energy consumption per capita; global average
(1965-2011), 172 counties’ average data (2016)!L.
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Figure 2.10 Life expectancy!' related to access to drinking water!V and the annual water footprint

of consumption of domestic blue water per capita (1996—2005)V (Hoekstra and Mekonnen,
2012).

However, energy sources (e.g. animals) could not be easily validated as are mostly
used multiplying the wealth (e.g. agriculture) formulating the stratification of the society.

IData retrieved on 2022-02-17 by https://ourworldindata.org/life-expectancy

I Data retrieved on 2022-02-17 by BP. Statistical Review of World Energy Available online:
https://www.bp.com/en/global/corporate/energy-economics/statistical-review-of-world-energy.html

IIData retrieved on 2022-02-17 by https://ourworldindata.org/life-expectancy

IV Data retrieved on 2022-02-17 by WHO/UNICEF (2015) Progress on Sanitation and Drinking Water: 2015
Update. Available online: https://data.world/adamhelsinger/unicef-drinking-water-database

V Data retrieved on 2022-02-17 by Water footprint network. National water footprint statistics. Available
online: https://waterfootprint.org/en/resources/waterstat/national-water-footprint-statistics/
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A related paper by Kohler et al., shows that the increasing of technology and available
energy (use of animals) in ancient times is related to the stratification of the societies
(Kohler et al., 2017). Recent studies (Koutsoyiannis and Sargentis, 2021; Sargentis et al.,
2021) deliver also the same conclusions, presenting the dynamics of stratification in
societies with an entropic approach (Koutsoyiannis, 2020). Same conclusions are
delivered by Atkinson for modern economies (Atkinson, 2015).

The access to clean water is also indicator of societies’ prosperity and humans’ life
expectancy. Data in Figure 2.10 shows 172 countries’ average (2015) in the access of
drinking water and countries’ average footprint for domestic water which corresponds to
the hygienic standards of the society (Mekonnen and Hoekstra, 2011).

2.6 Access to water: from antiquity to present

Controlling water availability is a key factor. Advanced hydraulic works served as a
multiplier of civilization as an irrigable area can produce multiple amounts of food versus
that of a non-irrigable area (Angelakis et al.,, 2021).

There are various theories about the social dynamics of hydraulics. An interesting
theory was developed by Karl August Wittfogel (Wittfogel, 1957). Wittfogel assumes that
hydraulic works are the basis for human society, but they need management and
according to his theory, this justifies social stratification and despotism as there are needs
of special knowledge and a bureaucratic management of resources and infrastructures by
an elite.

However, what is also worth noting is the role of hydraulics as a peace maker.

Civilizations with large hydraulic works and infrastructure which improved the quality of
life such as demonstrated by the Romans (Smith, 1978) and the Chinese (Liu et al., 2017;
Lietal. 2020) endured and prevailed for a significant time. On the contrary, civilizations
based in state-of-the-art military technology like Alexander the Great (Ferrill, 2018) and
the Mongols (Allsen, 2002) did not last quite as long (Figure 2.11).
Energy: The agricultural revolution, was a pivotal advancement for the development and
survivability of civilization. The adoption of new techniques in agriculture and the use of
animals allowed humans to cluster about 100 times more with a cost of about 3 times
more energy per person to produce food than when living as hunter-gatherers (Sargentis
etal, 2021).

Human society need infrastructure to exploit water resources, not only abundance of
water. In South Africa where there is abundance of water, there is lack of water as there
are no water infrastructures (Figure 2.12). In the 21st century, a person's "reasonable
access" to water is considered to be 20 litres per person per day from a source less than
1 km from their home, while depending on the water resources, infrastructure and
cultural characteristics of each region (Gleick, 1996).



35

< 5000
3
2500
0 - =
Roman civilization = Chinese civilization = Alexander the Great Mongol empire

(East and West) Hellenistic period

Figure 2.11 Roman, Chinese, Alexander the Great-Hellenistic Period, Mongols. Top: Expansion of
civilizations; Bottom: Duration of civilization based in civil infrastructures (Roman Chinese) and
duration of civilization based in state-of-the-art military technologies (Alexander the Great-
Hellenistic Period, Mongols). Geographical areas are delineated approximately.

Figure 2.12 World distribution of human water security (HWS) threat: (a) as appears naturally
and (b) after accounting for water technology benefits (source: Vordosmarty et al, 2010, as
available for download in www.riverthreat.net/data.html).

According to Mays (Mays 2010) the water consumption in ancient communities that
had no direct access to water resource was estimated to 10-20 L/cap/d and especially for
the city of Jerusalem in 1000 BC was estimated to 20 L/cap/d. A minimum requirement
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of 40 L/d per household results from the legislation of Solon!, in the beginning of the 6th
century BC (Koutsoyiannis and Mamassis, 2018).

Since the area is not sufficiently supplied with water, either from continuous flow rivers,
or lakes or rich springs, but most people used artificial wells, Solon made a law, that,
where there was a public well within a hippicon, that is, four stadia [710 m], all should
use that; but when it was farther off, they should try and procure water of their own; and
if they had dug ten fathoms [18.3 m] deep and could find no water, they had liberty to
fetch a hydria (pitcher) of six choae [20 L] twice a day from their neighbours; for he
thought it prudent to make provision against need, but not to supply laziness.

In Ancient Rome, total water consumption was estimated to 14,018 quinariae (about
550,000 m3) per day. Domestic consumption in these lower classes neighbourhoods is
estimated to 85 L/day per capita but in addition, lower classes had also access to public
water consumption (baths, fountains, battleships) which corresponds to another 200
L/day per capitall.

Several estimations can be found in the literature, that corelate the area of the city with
population in capita per hectare (population density). Indicative are: Ancient
Mesopotamia, 300-500 people/ha (Frankfort, 1950); Alexandria, 326 people/ha
(estimated by the descriptions of Diodorus Siculus!'); Pompeii, 160 people/ha (Goubert
and Mols, 1959); Russel (Russel, 1958) notes that the population density of most ancient
settlements would have been “about 100-120 persons per ha”, although he acknowledged
that some settlements might have had up to 200 people per ha. In Medieval Europe he
estimates the density to about 100-200 people/ha. According to Hippodameian system in
Piraeus a block of 8 residences in Hellenistic period with total 40 dwellers have an area
of 0.2 ha. That gives a population density of 200 people/ha (Mamassis et al., 2022).
Hanson and Ortman estimate average population densities of 1st AD in about 180
people/ha (Hanson and Ortman 2017) however, estimate the population density of
Athens to 429 people/ha.

Morris (Morris, 2013) held that by 150 BCE, Athens had declined to less than 10,000
inhabitants. Others, hold that 10,000 is too low, and suggest that Athens in Roman times
may have had up to 20,000 inhabitants (Hin 2016). Russell et al., estimate that the
population in Athens in 1 AD was about 25,000 inhabitants (Russell and Russell, 2000).

Archeological evidences, show that the area of the city of Athens in Roman period was
234 ha (about 200 ha if we exclude public places as Acropolis and Agora) (Figure 2.13).
Piraeus (the city nearby), therefore, considering the population density by Hanson and

I' Plutarch, Solon, 23. Translation by John Dryden. Available online: http://classics.mit.edu/
Plutarch/solon.html) after adaptation (accessed 25 January 2022).

II Sextus Iulius Frontinus, De Aquaeductu Urbis Romae, On the water management of the city of Rome.
Translated by R. H. Rodgers, The University of Vermont 2003. Available online:
http://www.uvm.edu/~rrodgers/Frontinus.html (accessed 25 January 2022).

1 Diodorus Siculus (17.52.6). Available online:

https://penelope.uchicago.edu/Thayer/E/Roman/Texts/Diodorus_Siculus/17C*html  (accessed 25
January 2022).
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Ortman estimations, we assume the possible range of Athens’ inhabitants between
36,000—85,800 people.

When it was fully functional Hadrianic aqueduct even in dry periods transferred daily
atleast 10,000 m3, (Chiotis, 2018) therefore (excluding Peisistratean and wells) we could
consider that the water footprint for consumption of domestic uses of an Athenian was
between 42—101 m3/year per capita.

Athens 1 A.D. SRR T

Public spaces
Hadrianic aqueduct

Figure 2.13 Athens in Roman era. Data adapted by Historical Atlas by William Shepherd! to
Google Earth.

However, in recent history, (about 50 years ago) in the mainland of Greece, drinking
water was transported by the springs to the house on foot, in jars, by women (Figure
2.14) as the villages had been developed either around a spring that could supply homes
(rarely), or upstream from a river. The only available energy, human energy, had to be
properly channelled so people could distribute it to rural labour, livestock and water
transportation (Figure 2.15).

One typical family of this period had (6-8 persons) needed at least 10-20 litters per day
of drinking water. This water should come (in average) from about 1 km transferred by
the women. Low quality water was coming from open pipes for dishwashing and other
functions.

I Historical map of Athens, superimposed on a plan of the modern city. Approximate date of the map: 200
A.D. Credits: University of Texas at Austin. Historical Atlas by William Shepherd (1923-26) Available online:
http://www.emersonkent.com/map_archive/athens_200_ad.htm (accessed 25 January 2022).
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Transfer of water was mainly distributed to women, meaning that they walked loaded
0.5-1h (if they needed to go twice a day) consuming 4 kcal/min!i.e., 100-200 kcal per day
for this activity when overall consuming 1800-2400 kcal per day (Dufour and Piperata
2008) (~850 kWh per year). So, the energy for drinking water was 50-100 kWh per year
which means 5-10% of the total energy consumption of the women. But women carried
this water for their families (6-8 people) so the total energy per person is 5-15 kWh per
year which reviled to 0.5-1% of total consuming energy for drinking water.

- il

(c)

Figure 2.14 Historical photos (a) Spring in the center of village!’; (b) Women in the spring!’;

Women with jars!V.

Figure 2.15 Historical photos (a) Rural laborV ; (b) LivestockV.

I'Sources: A compilation of energy costs of physical activities November 2005 Public Health Nutrition
8(7A):1153-83 DOI: 10.1079/PHN2005802; Energy Consumption by Construction Workers for On-Site
Activities, Available online: https://www.researchgate.net/publication/324092004

I'Source: http://thesprotia-news.blogspot.com/2010/01/frederic-boissonnas-1858-1946.html
II'Source: http://thesprotia-news.blogspot.com/2010/01/frederic-boissonnas-1858-1946.html
V'Source: http://www.aspromavro.net/2015/07 /blog-post_26.html

V'Source: http://thesprotia-news.blogspot.com/2010/01 /frederic-boissonnas-1858-1946.html
VI'Source: https://www.instazu.com/media/2018125859493091946
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Modern Greeks consumes about 30.000 kWh per year’. The energy cost of 1 m3 of
drinking water in Athens is estimated as 0.1 kWh/m3 (Sargentis et al.,, 2019) thus a
modern man who needs 62 m3/year will consume 6.2 kWh per year which reviled to
0.02% of total consuming energy for drinking water.

Interestingly about two billion people have less available water for domestic uses than
minimum water level assumed for the Athenians in the early 21nd century (Figure 2.16).
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Figure 2.16 Footprint of the annual consumption of domestic water per capita! (1996—2005)
(Hoekstra and Mekonnen, 2012).

2.7 Access to energy: from antiquity to present

In order to obtain an overview of the role of energy in society’s evolution, we also plot the
maximum temperatures achieved by humans (Figure 2.17a) and the power of the largest
prime movers (Figure 2.17b) in history and before.

In prehistory, humans lived in tribes (Hunter-Gatherers), having almost the same
technological limit consisting of their own power (~120 W) and metabolized their food,
~2500 kcal, producing and using ~3 kWh per day muscular energy. So, energy in Hunter-
Gatherers societies was equally distributed. Population was sparse and the natural
resources were ample with ~100 ha sufficing to produce food for one human.

Generally, anthropologists assume that Hunter-Gatherers, lived without stratification
(Gowdy, 2006; Smith et al., 2010; Orans, 1966) but some approaches show that there was
a stratification in prehistory (Angle, 1986). A related paper estimates average Gini
coefficient, an overall measure of wealth inequality, assuming multiple parameters in
Hunter-Gatherers, equal to 0.25 (Smith et al.,, 2010) which shows a faint stratification.

I BP, Statistical review of world energy, June 2018 https://www.bp.com/content/dam/bp/business-
sites/en/global/corporate/pdfs/energy-economics/statistical-review/bp-stats-review-2018-full-
report.pdf

I' WHO/UNICEF (2015) Progress on Sanitation and Drinking Water: 2015 Update. Available online:
https://data.world/adamhelsinger/unicef-drinking-water-database (accessed 25 January 2022).
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Figure 2.17 (a) Temperatures created by human actions in different eras (b) Power of the largest
prime movers in different eras |, (Smil, 2004a; Smil 2004b) (diagrams present data in logarithmic
scale as order of magnitude).

In order to cluster in tribes (Sargentis et al., 2020; Goldewijk et al., 2011), humans had
to use smaller areas to collect food. (Figure 2.18). In the period of pastoralism, humans
were clustered 50 times more than Hunter-Gatherers, and when traditional farming was
developed, clustering increased respectively (Table 2.1). At the same time, energy
required per ha was ~100 and ~200 times more (Figure 2.19) (Smith, 2019; Jiang et al,,
2019; Davis and Hatfield, 2007; Coughenour et al., 1985; Smil, 20044a; Smil, 2004b; Singh
et al.,, 2002; Canakci et al., 2005; Kander et al., 2009; Kander and Warde, 2011; Schnepf,
2004; Vreni et al., 2015; Sackett, 1996). Sackett found that adults in foraging and
horticultural societies work, on average, about 6.5 hours a day, whereas people in
agricultural societies work on average 8.8 hours a day (Sackett, 1996).
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Figure 2.18 Typical types of food production in different eras related to (a) population density
(b) energy needs (diagrams present data as order of magnitude).

I Steam Turbines: How Big Can They Get? Available online:
https://www.modernpowersystems.com/features/featuresteam-turbines-how-big-can-they-get/
(accessed on 5 October 2020).
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Figure 2.19 (a) Population density related to energy needs (b) Energy needs per capita per day
in different types of societies (diagrams present data as order of magnitude).

Table 2.1 shows that Hunter-Gathers, needed a relatively small amount of their energy
to collect food. Survival needs arising from human clustering are energy intensive and
more powerful means than humans, as horses and ox (~500 W, ~10 times more) were
employed.

Table 2.1 Prehistoric human, different types of living, minimum area and energy needs for food
production (present data as order of magnitude)

Type of living Area (ha) Energy per capita per day for food (kWh)
Hunter-Gatherers 100 1

Pastorals (pastoralism) 2 2,50

Granger (agriculture) 1 3,50

2.8 Access to food: from antiquity to present

[t is almost impossible to estimate the value of wealth based on the exchange rate of the
currencies or the value of precious metals in historical eras. But as wheat is the base
element of the digestive menu of humans and we have historical information of its cost
and the wages, we estimate the wheat wages (i.e., the litters of wheat which can be bought
by a daily wage). This allows as to create an important cross-cultural comparison of
economic wellbeing (Scheidel, 2010; Milanovic et al., 2007; Jursa, 2010).

In antiquity the average daily wage levels was about 7.9 liters/day. Classical Athens
had the highest average daily wage. Loomis (1998) notes:

In Eleusis near Athens in the 320s BCE, epigraphic records report that unskilled
construction workers received 1.5 drachms per day, compared to 1.25-2.5 drachms for
skilled workers. At that time, wheat sold for 5 to 6 drachms per medimnos (c. 52 liters).

This translates into a daily wheat wage of 13-15.6 liters.
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Figure 2.20 visualize the average daily wheat wages of unskilled labourers from 21st
c. BC until Renaissance ! (Milanovic, 2006; Van Zanden, 1999; Boyne, 1865).
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Figure 2.20 Average wheat wages of unskilled labourers in preindustrial societies.

As we want to correlate the wealth with wheat wages, we study the values of gold,
silver and oil related to wheat in today values (1990-2019) in Figure 2.21.

In this analysis we note the following range of fluctuations e.g., coefficient of variation
of: Gold-to-Silver Ratio=2.57; Gold-to-Wheat Ratio=0.95; Oil-to-Wheat Ratio=0.04 and
Silver-to-Wheat Ratio=0.01. Interestingly note is that the minimum fluctuation
corresponds to the Silver-to-Wheat Ratio.

The prices of wheat in countries’ markets are differing than the prices of global
markets, however, considering local prices double than global markets (e.g. 0.3 US$/L),
we visualize an indicative relation of wheat wages based on the average GDP per capital!
of 95 different countries in 2016 (Figure 2.22).

Figure 2.22 is encouraging, and shows the progress we have done from antiquity.
However, it shows the average values of daily wheat wages and not the wages of unskilled
laborers. With reverse calculation we find that the average daily wheat wage of an
unskilled laborer in antiquity (7.9 L/day) corresponds to about 2.37 US$/day, slightly

I'International institute of social history. Value of the Guilder versus Euro . A comparison of the purchasing
power of the guilder from the year 1450 to another year. Available online:
https://iisg.amsterdam/en/research/projects/hpw/calculate.php#Europe (accessed 25 January 2022).

' Data retrieved on 2022-01-25 by Maddison Project Database 2018. Available online:
https://www.rug.nl/ggdc/historicaldevelopment/maddison/releases/maddison-project-database-2018.
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higher than the value of 1.9 US$ which is considered as the limit to extreme poverty!.
Studding the income mountains in Gapminder (year 2016)! we find that about 1.4 billion
people (17.5% of population) live today under the average daily wage in antiquity.
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Figure 2.21 (a) values of gold and wheat; (b) gold-to-wheat ratio; (c) values of oil and wheat; (b)
oil-to-wheat ratio; (e) values of silver and wheat; (d) silver-to-wheat ratio!ll.
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Figure 2.22 Average wheat wages (2016) related to the average wheat wage of an unskilled
labourer in antiquity. Data are presented as an order of magnitude.

2.9 Cultural elements of prosperity

Art’s functions are vital for our society on multiple levels. A work of art is not only (and
perhaps not necessarily) something pleasing to the eye, but also a medium that portrays
our emotions. Although each artist’s work contains a unique message, the field of art

I Global Extreme Poverty. Available online: https://ourworldindata.org/extreme-poverty (accessed 25
January 2022).

I Data retrieved on 2022-01-25 by Gapminder. Income Mountains. Available online:
https://www.gapminder.org/fw/income-mountains/

Il Data retrieved on 2022-01-25 by International Monetary Fund. IMF DATA access to macroeconomic and
financial data. Available online: https://data.imf.org/



44

creates a cultural process; aesthetics: a communication channel between the artist and
the observer.

Digression 2.C: The correlation of cultural elements and prosperity

Strides of civilization are connected to technological issues which improved the quality of life
(Koutsoyiannis and Sargentis, 2021; Sargentis et al., 2021) as; the installation of hydraulic works
(Hydraulic Civilization (Wittfogel, 1957)), architectural creations, great technological inventions
which change the history (e.g., the evolution of wheels), combination of technological issues which
creates a remarkable duration of social stability (e.g., Minoan civilization 3000—1100 BC
(Angelakis, 2016) and admirable technological creations as the Mechanism of Antikythera.

Herein a question arises: why do we have to study artissues? Friedrich Nietzsche (1844-1900)
notes that: “The ugly truth is: we have art so that we go not to the underlying truth.” (Nietzsche
1888). Maybe what is “true” for an artist is different than truths of a philosopher or a scientist and
represents the spirit of the civilization.

It can be argued that human civilization can be studied through the history of forms

and their meaning, signifiers and the signified as defined by an observer. Humans create
structures and intentional forms on a canvas of natural randomness since the first time a
prehistoric man laid two stones one on top of the other to build a home of the other or
placed a big rock in the form of a menhir. Cave paintings depicting the activities of hunting
or social events already reveal that proportions and colour was, from the earliest known
forms of art, essential in expressing the relations between anything that was important to
human life and the form through which it was expressed. As urban landscapes started to
emerge, architecture and urban forms then begun to reflect the culture and lifestyle of
their creators. Thus, both art and the interventions of civilizations in landscapes can be
considered as an Ark of historical memory. That contains and, in a sense, protects cultural
heritage.

Throughout human history, studying art has mostly been regarded a part of
philosophy, social sciences and humanities. However, since as early as the Pythagoreans
and up to this day, mathematics have also been used to investigate the nature of artistic
expression and its effects on the observer.

Pythagoras and Euclid were the first philosophers known to have searched for the
existence of a common rule (canon) in shapes that are perceived as beautiful. Notably,
Euclid's Elements (c. 300 BC) includes the first known definition of the golden ratio. The
word canon, or set of proportions, comes from Greek (kavwv) and means a straight rod
(measuring line) and metaphorically a rule or standard. Of course, canons, in Euclid's
sense, have changed through history, altering artistic expression, taste, and the sense of
beauty overall.

Principles and canons (rules) other than the golden ratio have also been used to 'H used
to generate specific aesthetic results. Different proportions of simple shapes have been
studied as a way of conveying emotions, in an attempt to approach the very nature of the
aesthetic sense and the experience of beauty. An important notion of this type of studies
is that these different stances make the observer feel what it would be like to be the
observed object, a kind of empathy towards shapes and objects.
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These quantifiable properties of aesthetics in an object were introduced from the neo-
platonic tradition into medieval thought and have been studied by many thinkers
throughout the ages.

It needs to be clarified that the properties in question are not related to the use of the
object. As Immanuel Kant points out, the pleasure of beauty is of a very special kind: it is
“uninterested” (Beardsley, 1975). This is not to say that the object could or should not
have any other use rather than as an object of perception. It is to say that when we discuss
the issue of beauty, we refer to any pleasure offered by an object that is independent of
practical uses.

2.10 Introductory discussion

We show that wealth as GDP per capita is a prosperity to humanity which increase the life
expectancy. However, the true wealth is the availability of water-food-energy which is
also related with life expectancy and GDP showing that, the coverage of real needs is what
prosperity is. Data analysis confirm our hypothesis.

We also show that the values of commonly used symbols of wealth (gold and silver),
change in history by social issues, as the demand for gold and silver can vary wildly with
a fixed supply, that can lead to equally wild swings in its price.

Therefore, we estimate the values of wages in antiquity and present, as wages in wheat
which is an important cross-cultural comparison of economic wellbeing. Analysing global
data, we show that about 1.4 billion people live in present under the average lower wages
in antiquity.

Since the creation of science in the 6th century BC (Koutsoyiannis and Mamassis 2021),
improvements in the quality of life ensued based on progress of science, technology and
medicine (Pickstone, 1993), fostered increasing life expectancies (Alcamo et al., 2003; Aus
der Beek et al.,, 2010).

All of the above (science, technology, medicine) are optimized with division of labor,
social organization and economy. Necessary condition of them is the continuity and the
function of educational system. Communication-cooperation (interactions), and
economies of scale, helped scientific research and technology to create infrastructures
and low-cost production which are the base in flourishing societies (Koutsoyiannis, 2011;
Sargentis et al., 2019; Sargentis et al., 2018; O'Sullivan, 2003; Koutsoyiannis 1979).
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Chapter 3. External and the internal view of societies’ structure

Each organism is studied based in its external shape and its internal structure. Therefore,
we consider for society: as external shape, the potentialities of clustering or partitioning
and as internal structure the distribution of wealth and stratification.

3.1 Clustering and growth
«alel Tov opolov dyet Beog wg Tov ouotv» (0dvooeia, p 218)
“All ever, the god is bringing like and like together.” (Homer-Odyssey)

Clustering is a natural process which makes the organisms to use more efficient the
natural resources!. Figure 3.1 shows that elephants, requires about 10 000 times less
energy per mass than a mouse. Larger scales also increase the efficiency for mammals in
terms of water consumption for survival.
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Figure 3.1 Daily energy and water consumption of mammals!’.

3.2 Partitioning and protection

A more holistic inspection of natural evolution reveals however hidden elements of
clustering. Dinosaurs were the biggest living creatures in nature but about 66 million

I'Johnson, G. Of Mice and Elephants: A Matter of Scale. Science, The New York Times, 12 January 1999.
Available online:
http://courses.missouristate.edu/chrisbarnhart/bio121/lab/respiration/of mice_and_elephants.htm
(accessed 2 February 2022)

Il Data adapted by:

Asian  elephant nutrition, Energy expenditure, 25 February 2015. Available online:
https://asianelephantnutrition.wordpress.com/2015/02 /25 /big-body-lots-of-energy-maintenance/
(accessed 5 February 2022).

Bermingham, E.; Thomas, D.; Morris, P.; Hawthorne, A. Energy requirements of adult cats. British Journal of
Nutrition, 103(8), 1083-1093. 2010. d0i:10.1017/S000711450999290X.

National Research Council (US) Subcommittee on Laboratory Animal Nutrition. Nutrient Requirements of
Laboratory Animals: Fourth Revised Edition, 1995. Washington (DC): National Academies Press (US); 1995.
Available online: https://www.ncbi.nlm.nih.gov/books/NBK231925/ (accessed 5 February 2022)



47

years ago they disappeared. Smaller animals such as mammals survived because of “Being
small. If you're small you probably have a large population and thus a wider genetic
diversity”l. In this sense, even though clustering can be important for economy and is
associated with goals of growth, partitioning is a way of protection, by reducing
dependencies and risks associated with centralized infrastructure.

Digression 3.A: The vision of Hobbes’s Leviathan

The idea of economies of scale as developed by Adam Smith (O'Sullivan, 2003) is that with the
increase of growth comes a decrease of the cost per unit. The advantages of economies of scale
have theoretical limits, i.e., when reaching the optimal design point where the cost per additional
unit begins to increase. Economies of scale are related to scale development of infrastructures
where there are also additional limits as induced due to lack of funds, technical difficulties as well
as public opposition (Manta, 2020) and resources accessibility. Large scales of infrastructure have
risks (Vickerman, 2007) but are also advantageous for local economies (Jadhav and Desai, 2019).
Previous works has shown that changing the scale of water infrastructures results to changes in
the cost of water in agreement with the so-called “0.6 rule” in macroeconomics (Tribe, 1986; Haldi
1961).

This relationship is also addressed by Wenban-Smith (Wenban-Smith, 2009) who uses the
term “density effects” to describe clustering trend towards concentration of population and large
scales infrastructures. For instance, in Greece we can see this clustering trend in terms of
infrastructure in construction of large-scale dams. Other emblematic examples of large-scale
projects, are the controversial “North American Water and Power Alliance” II (not constructed
yet), Tehri DamlIl (constructed in India) the Three Gorges DamlV (constructed in China).

In order to find the best solution in optimum scale infrastructure problem, multi-criteria
optimization is required. Despite the contributions of mathematicians, little progress has been
made in engineering problem until the last half of the twentieth century, when high-speed digital
computers made it possible to apply optimization techniques to large-scale structures with
powerful and popular complex optimization methods. Still, it is often the case that rather than
cost-benefit optimization, political and aesthetical reasons (as the desire for creation of
civilization signals), are the driving forces for the choice of the scale of historical infrastructures;
notable examples are shown in Figure 3.2.

What is common though in these large-scale projects, is the existence of an efficient state
structure able to take the relevant decisions about political and administrative mechanisms for
decisions clustering, impose them and finance them. Thus, they reflect the presence of a stable
social mechanism which, according to the theory of Tomas Hobbes (Hobbes 1968), is represented
by Leviathan.

I Hone, D. How to survive mass extinction. The Guardian, 20 September 2022. Available online
https://www.theguardian.com/science/lost-worlds/2012/sep/20/dinosaurs-fossils (accessed 2 February
2022)

I North_American_Water_and_Power_Alliance.

Available online: https://en.wikipedia.org/wiki/North_American_Water_and_Power_Alliance (accessed 2
February 2022)

Nuclear Nawapa XXI gateway to the fusion economy, 21st Century Science & Technology, Special Report,
2013, https://21sci-tech.com/Nuclear NAWAPA_XXI/Nuclear NAWAPA_sm.pdf (accessed 2 February
2022)

I Tehri Dam. Available online: https://en.wikipedia.org/wiki/Tehri_Dam (accessed 2 February 2022)

IV Three_Gorges_Dam. Available online: https://en.wikipedia.org/wiki/Three_Gorges_Dam (accessed 2
February 2022)



48

Figure 3.2 (a) The Great Pyramid of Giza 2560 BC!; (b) Notre-Dame de Paris, towers on west
facade 1220-1250 AD; (c) Eiffel Tower 1887-1889!L,

The latter metaphorically represents a central political entity that seeks to preserve law and
peace by imposing a utilitarian egoism driven by the instinct of self-preservation (conatus) and
the will to dominate, exercising absolute power only in favor of preserving social peace, i.e., the
well-known social contract. Leviathian also undertakes the protection of citizens from external
and internal factors, while also protects citizens from the central entity itself. From this idea
originates the Constitution as a self-limitation of power. As engineering development is
intertwined with social peace and prosperity, we can assume that a form of centralized socio-
political structure the likes of Leviathan is required in order to undertake decisions about large-
scale development and infrastructure projects.

Digression 3.B: Aristoteles’ opinion for large-scale infrastructures

Another view on the creation of large infrastructure projects through centralized social structures
is given by Aristotle!V: “..kal T0 TévnTAg MOLETY TOVS dpYOUEVOUS TUPAVVIKGY, OTTWS UHTE PUAAKT)
TpépnTal kai TpoS TG kad’ Nuépav Gvteg doyolot worv émiBovAevery. mapddetyua 6¢ TovTov ai Te
mupauides al mepl Atyvmtov kal ta avabniuata t@v KueAid6dv kal tol ‘OAvumiov 1) oikodounoig
vmo 1@V Iletolotpatidédv, kal Tdv mepl Zauov épya lMolvkpdteia (mdvta yap tadta Svvatal
TaAUTOV, doyoliav kal meviav T@v apyouévwv)”. English translationV: “And it is a device of tyranny
to make the subjects poor, so that a guard may not be kept, and also that the people being busy with
their daily affairs may not have leisure to plot against their ruler. Instances of this are the pyramids
in Egypt and the votive offerings of the Cypselids, and the building of the temple of Olympian Zeus by
the Pisistratidae and of the temples at Samos, works of Polycrates (for all these undertakings
produce the same effect, constant occupation and poverty among the subject people”.

This example highlights the mutually dependent relation between central entities and large-
scale development: the existence of the one often relies on the other.

While human social clustering increases the chances for social progress and prosperity,

it also increases exposure and vulnerability to different kinds of risk. For the first time in
human history more people live in cities than in rural areas. This rapid growth in the

I available online: https://en.wikipedia.org/wiki/Great_Pyramid_of_Giza (accessed 2 February 2022)
Il Available online: https://en.wikipedia.org/wiki/Notre-Dame_de_Paris (accessed 2 February 2022)
Il Available online: https://en.wikipedia.org/wiki/Eiffel_Tower (accessed 2 February 2022)

IV Aristoteles. Politica; Oxford Clarendon Press: Oxford, UK, 1957; Available online:
https://books.google.gr/books/about/Aristotelis_Politica_recognovit_brevique.html?id=--
LdnQEACAA]&redir_esc=y (accessed on 15 September 2020).

V Aristotle, Politics, English Translation. Available online: https://www.loebclassics.com/view/aristotle-
politics/1932/pb_LCL264.461.xml (accessed on 1 August 2020).
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number of people living in cities and urban landscapes is increasing the world’s
susceptibility to natural disasters! and other threats!’. For instance, in the case of war,
large-scale infrastructure projects are important and common targets. Figure 3.2a
depicts Serbian civilians, forming human shields to protect their country's infrastructure
during the NATO bombing of Yugoslavia at the Kosovo War (1999). Large-scale
infrastructures are also symbols of civilizations and this is why the World Trade Center
was the target during the 9/11/2001 attack (Figure 3.2b).

On the other hand, modern large-scale infrastructure projects have a life of no more
than 120 years due to aging of their materials and the difficulties in maintaining them!!.
As a simple example, consider the two collapses of large-scale bridges that have occurred
in Italy in the past few years, causing fatalities and massive disruption of transportation!V.
Moreover, it is straightforward to see how a possible failure in large-scale water-supply
infrastructures upon which societies are heavily reliant would create a vague gap in social
functioningV.

Itis therefore evident that with the increase of the scale of the development along with
the planned increase of benefits comes also an increase of risks, as the concentration of
goods and services in one place makes the human communities more vulnerable to a
destruction thereof. Interestingly, metaphors on the existence of a limit in the scale of
human works are present in various literature and theological works since antiquity,
perhaps the most famous examples are found in the Bible. In the latter the man is regarded
as the crown of God’s Creation and by the fall of man in Original Sin, the whole Creation
falls. After the fall of humans the environment became hostile and man had to do work to

I India Environment Portal Knowledge for Change, Natural Disasters: Saving Lives Today, Building
Resilience for Tomorrow. Available online:
http://www.indiaenvironmentportal.org.in/content/383261 /natural-disasters-saving-lives-today-
building-resilience-for-tomorrow/ (accessed on 20 August 2020).

India Environment Portal Knowledge for Change, Mind the Risk: A Global Ranking of Cities under Threat
from Natural Disasters. Available online:
http://www.indiaenvironmentportal.org.in/content/389862 /mind-the-risk-a-global-ranking-of-cities-
under-threat-from-natural-disasters/ (accessed on 20 August 2020).

ITHill, D. The City as Destructive System: Wildfires, Dresden and the Case against Urban Sprawl. Available
online: https://www.cityofsound.com/blog/2007/10/the-city-as-des.html (accessed on 15 September
2020)

Il At our Current Pace it'll take 80 years to Repair all the Structurally Deficient Bridges in the US, A Report
Finds.  Available  online:  https://edition.cnn.com/2019/04/02 /us/deficient-bridge-report-2019-
trnd/index.html (accessed on 15 September 2020)

IV Crollo del ponte di Albiano Magra, 17 indagati. Available online: https://www.ilsecoloxix.it/la-
spezia/2020/04/20/news/ponte-crollato-sul-magra-17-persone-indagate-1.38741043 (accessed on 15
September 2020)

Genova, crollo del ponte Morandi sull’'A10: cosa € successo. Available online:
https://www.corriere.it/cronache/18_agosto_14/genova-crollo-ponte-morandi-sull-a10-cosa-sappiamo-
finora-46d3d094-9fb5-11e8-9437-bcf7bbd7366b.shtml (accessed on 15 September 2020)

V' Large Dams: Learning from the Past Looking at the Future, Part 166. Available online:
https://books.google.gr/books?id=Ug2YrzNIBEUCyhtNvFS78CXu5An_yuoviw&hl=en&sa=X&ved=2ahUKE
wilr5SPO6KPpAhVynVwKHdc9BGIQ6AEWAHOECAYQAQ#v=onepage&q=icald%20bigl20dams&f=false
(accessed on 15 September 2020).
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survive. In the famous myth of the Babel tower, the Bible explicitly communicates the
notion of an upper limit in the scale of human worksl.

(a) (b)
Figure 3.3 (a) Serbians protecting their country’s infrastructure from bombing as human shields!
(b) The north face of Two World Trade Center (south tower) immediately after being struck by
United Airlines Flight 175!,

Recently, due to the ongoing COVID-19 pandemic, we are collectively reminded of how
large-scale human social clustering increases the risk of pandemics. In the developed
world, the majority of measures to mitigate the spread of a pandemic has been based on
forms of social distancing, with lock-down being the ultimate measure. Nearly three
billion people were in quarantine in April 2020". In this respect, the Epicurean
philosopher Lucretius says that if there is no immediate risk of death, people are not
afraid of death (Smith, 2001), but the fear of death can lead people to make social divisions
and suspend their personal growth'. Indeed, when people are afraid of dying, it is
common to believe that avoidance of social contact will help them avoid danger, illness
and death, altogether. This phenomenon is well documented in social fear management
studies (Holdbrook et al,, 2011) and in this context, it can also be viewed as another
implicit communication of the risks of social clustering.

I Holy Bible, Old Testament, Genesis 11; Job 38:1-41. Available online: http://www.apostoliki-
diakonia.gr/bible/bible.asp?contents=o0ld_testament/contents.asp&main=0ldTes  (accessed on 15
September 2020).

Holy Bible, New Testament, 8:20-22. Available online: http://www.apostoliki-
diakonia.gr/bible/bible.asp?contents=new_testament/contents.asp&main= (accessed on 15 September
2020).

' 21 Godina od NATO Agresije- ,Nemilosrdnog andela “nema Zaborava. Available online:
https://pvportal.me/2020/03/15-godina-od-nato-agresije-nemilosrdnog-andela-nema-zaborava/
(accessed on 15 September 2020).

Il September_11_Attacks. Available online: https://en.wikipedia.org/wiki/September_11_attacks
(accessed on 15 September 2020).

IV Nearly 3 Billion People around the Globe under COVID-19 Lockdowns-Today’s Coronavirus Updates.
Available online: https://www.weforum.org/agenda/2020/03/todays-coronavirus-updates/ (accessed on
15 September 2020).

V' Why a Roman Philosopher’s Views on the Fear of Death Matter as Coronavirus Spreads. Available online:
https://theconversation.com/why-a-roman-philosophers-views-on-the-fear-of-death-matter-as-
coronavirus-spreads-132951 (accessed on 15 September 2020).
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Digression 3.C: The origins of social stratification

It would be oversimplification if we considered that the available resources are distributed
equally between the members of the society!. An interesting related paper by Kohler et al., shows
that the increasing of technology and available energy (use of animals) in ancient times is related
to the increasing of inequality (Kohler et al., 2017). Same conclusions are delivered by Atkinson
for modern economies (Atkinson, 2015). Recent studies (Koutsoyiannis and Sargentis 2021;
Sargentis et al,, 2021) draw similar conclusions, presenting the dynamics of stratification in
societies with an entropic approach. Roser and Ortiz-Ospina!l, based on the publication of
Milanovic et al. (Milanovic et al.,, 2011), visualize how inequality increases with higher average
income.

Social stratification in the history of human societies occurs persistently and organically, as if
it obeys a natural law. There is a wide range of types of stratification in societies, i.e., in terms of
financial class, political power, level of education, sanctity, military force. In economic, political
and social sciences, stratification is one of the most important issues (Milanovic, 2011; Haitovsky
2001).

3.3 Distribution of wealth and theories of social stratification

«T@ yap Eovti mavti dobnoetal kal mepltocevOnoeTal, amo 8¢ Tol un Exovtog kal 0 xel
apbnoetar am avtoi» (Kawvn Atadnkn, Kata MatBaiov 25:29)

“For everyone who has, will be given more, and he will have an abundance. Whoever does
not have, even what he has will be taken from him.” (New Testament, Matthew 25:29)

After the Middle Ages, emblematic approaches examining social stratification were
formulated, the most widely known are those of Adam Smith (1723-1890), David Ricardo
(1772-1823), Thomas Robert Malthus (1766-1834), Social Darwinists (late 1800s) and
Karl Marx (1818-1883).

Smith noted that "wherever there is great property, there is great inequality ... for one
very rich man, there must be at least five hundred poor". He also pointed out the
important role of morality in social functioning and noted that without the welfare of the
labouring classes the prosperity of the nation is both morally unacceptable and practically
impossible (Smith, 1776; Philipson, 2010).

Unlike Smith, Ricardo supported the iron law of wages (Gray 1946), according to which
working-class wages must be fixed at a "natural price" that would only cover the costs of
marginal survival, arguing that from prehistoric times, most grangers also lived in misery
(Galbrain, 1987). Exceeding Ricardo’s cynicism, Malthus suggested that the most effective
solution would be the abandonment and natural extermination of malnourished people
claiming that population growth acted as a deterrent to the progress of a society because
the population was supposedly much larger than what the earth could sustain (Malthus
1798).

I UNU World Income Inequality Database - WIID Available online:
https://www.wider.unu.edu/database/wiidhttps://www.wider.unu.edu/database /wiid (accessed 27 June
2021).

I Roser, M.; Ortiz-Ospina, E. How unequal were pre-industrial societies? Available online:

https://ourworldindata.org/income-inequality#how-unequal-were-pre-industrial-societies (accessed 9
January 2022).
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Herbert Spencer (1820-1903) and Francis Galton (1822-1911) inspired by Charles
Darwin’s propositions which are described in “Origin of Species” (1859) (Darwin, 1859),
advocated the concept of survival of the fittest in the social world, an approach called
Social Darwinism. (n.b., Galton was also the father of eugenics). According to this, the state
should not interfere in the spontaneous processes of society, leaving the ‘strongest’
people to survive and the ‘weak’ to perish, which would presumably lead to ever higher
levels of society’s development (Rogers, 1972; Hawkins 1997).

Subverting the prevailing theories, Marx argued that social classes were formed
unnaturally during the historical period of humankind as a result of extreme material
inequalities created by the over-exploitation of the working-class labour by the owners of
the means of production (Marx, 1867). Thus, he formulated the rule "From each according
to his ability, to each according to his needs"! (Sitton, 2010). Another influential economic
approach of the last century was presented by John Keynes (1883-1946) in “The General
Theory of Employment, Interest and Money” (Keynes, 1936). Arguably, the prevailing
theory of modern times is neoliberalism, a policy model that emphasizes the value of free
market competition. The theory was supported by the Chicago School and notably
expressed by the works of Milton Friedman (1912-2006) (Friedman, 1960) and Friedrich
Hayek (1899-1992) (Hayek 1960). Critiques on neoliberalism have been expressed
pertaining to its relation with inequality, e.g. as described by Zoya Hasan in “Democracy
and the crisis of inequality” (Hasan, 2014) and Walter Rodney (1942-1980) in “How
Europe Underdeveloped Africa” (Rodney 1972). Recently new ideas were put forward,
one by Tim Jackson who introduced “prosperity without growth” (Jackson, 2009) and the
other by Serge Latouche who introduced “Degrowth” (Latouche, 2018; Latouche 2004).

3.4 Common quantitative measures of social stratification

To frame the results within the context of a typical economic analysis of the income
distribution, we employ two well-known measures of socio-economic inequality, the
Lorenz curve (Lorenz, 1905; Bellu 2005; Tresch, 2015; Ross, 2021) and the Gini
coefficient!l.

As usual with economic data, we follow the convention of expressing the income
distribution in tenths of the share x (%) of people from the lowest to highest income vs
share y (%) of income earned. In Figure 3.4a the rectangles show the case of all people
having the same income and the diamonds show the case of extended inequality i.e., if the
last tenth of share (%) has the most part of the wealth (Pareto distribution).

Figure 3.4b shows the Lorenz curve, which is the plot of the cumulative share of
income vs the corresponding cumulative share of the population. In the case of a perfect

I Marx, K. Critique of the Gotha Programme, Available online:

https://www.marxists.org/archive/marx/works/1875/gotha/ch01.htm (accessed 21 January 2021)

Il Income inequality. Available online: https://ourworldindata.org/income-inequality (accessed 25 August
2021).

Gini Index. Available online: https://www.investopedia.com/terms/g/gini-index.asp (accessed 25 August
2021).
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socio-economic equality, the curve is a straight line (plotted in rectangles) and the
diamonds show the case of extended inequality. From the Lorenz curve we can calculate
the Gini coefficient, which is a measure of socio-economic inequality estimated as: G =
A/(A + B),where Aisthe area thatlies between the line of equality and the Lorenz curve,
and B is the area between the Lorenz curve and the horizontal axes. Values of G tending
to 0 indicate equality, whereas values closer to 1 indicate inequality.
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(%) highest normalize incomes (%)
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Figure 3.4 Different types of distribution of wealth. Grey rectangles show total equality with Gini
coefficient equal to 0; orange circles show exponential distribution with Gini coefficient equal to
0.5; yellow diamonds show power-type Pareto distribution (greediness of elite) with Gini
coefficient equal to 0.7 (a) Share of wealth (b) Lorenz curve.
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Chapter 4. Stochastic tools

In this thesis many stochastic tools to analyse data have been used. However, as there
were not available tools to approach our issues, new tools have been developed. In this
Chapter, we will see a presentation and benchmarks of these tools.

4.1 Study of clustering in 2D space (2D-C)

Image processing typically involves filtering or enhancing an image using various types
of functions in addition to other techniques to extract information from the images
(Zhang, 2004). Image segmentation is one of the basic problems in image analysis. The
importance and utility of image segmentation has resulted in extensive research and
numerous proposed approaches based on intensity, color, texture, etc, and both automatic
and interactive (Martin et al., 2001). A variety of techniques have been proposed for the
quantitative evaluation of segmentation methods (Kohonen, 1997; Abdou and Pratt 1979;
William et al.,, 1977; Sahoo et al., 1988; Otsu, 1979; Martin, 1985; Weszka and Rosenfeld,
1978).

Stochastic calculus helps in developing a unified perception of natural phenomena and
expel dichotomies like random vs. deterministic. It seems that rather both randomness
and predictability coexist and are intrinsic to natural systems which can be deterministic
and random at the same time, depending on the prediction horizon and the time scale
(Koutsoyiannis, 2010; Dimitriadis et al., 2016).

A variety of processes exhibit Long-Term Persistence (LTP) behaviour such as
temperature, humidity, surface wind, precipitation, atmospheric pressure, river
discharges etc (Dimitriadis, 2017). Particularly, all these processes are characterized by
high unpredictability due to the clustering of events. The behavior of some processes to
exhibit high unpredictability due to the clustering of events was first identified in nature
by H.E. Hurst in 1951 while working at the River Nile, although its mathematical
description is attributed to A. N. Kolmogorov who developed it while studying turbulence
in 1940 (Hurst, 1951). Koutsoyiannis (Koutsoyiannis 2010) named this behavior as
Hurst-Kolmogorov dynamics (HK), to give credit to both contributing scientists.

This analysis for image processing is based on a stochastic tool called climacogram. The
term climacogram (variability vs. scale) (Koutsoyiannis, 2013a; Koutsoyiannis, 2013b)
which comes from the Greek word “kA{uaé” pronounced: climax (meaning scale). It is
defined as the (plot of) variance of the averaged process (assuming stationary) versus
averaging scale k and is denoted as y(k). The climacogram is useful for detecting both the
short- and the long-term change (or else dependence, persistence, clustering) of a process,
with the latter emerging particularly in complex systems as opposed to white-noise
(absence of dependence) or Markov (i.e., short-range dependence) behavior (Dimitriadis
and Koutsoyiannis 2015).

In order to obtain a quantitative characterization of the artwork, its image is digitized
in 2D and each pixel is assigned a grayscale color intensity (white = 1, black = 0). Assuming
that our sample is an area n4 x n4, where n is the number of intervals (e.g., pixels) along
each spatial direction and 4 is the discretization unit determined by the image resolution,
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(e.g., pixel length), the empirical classical estimator of the climacogram for a 2D process
can be expressed as:

1 n/k nj/k
2
o) = —— ) _ % (4.1)
7o) n?/k2 —1 Z Z(E‘J X)
i=1 j=1
where the ‘*’ over y denotes estimation, k is the the dimensionless spatial scale, gl(';) =
%ZSLKU_DHZ?ik(i_l)ﬂgw, represents a local average of the space-averaged process

at scale k, at grid cell (i, j), and, x = xﬂ) is the global average of the process of interest.

Note that the maximum available scale for this estimator is n/2. The difference between
the value in each element and the field mean is raised to the power of 2, since we are
mostly interested in the magnitude of the difference rather than its sign. Thus, the
climacogram expresses in each scale the diversity in the greyscale intensity among the
different elements. In this manner, we may quantify the uncertainty of the brightness
intensities at each scale by measuring their spatial variability.
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Figure 4.1 (3, c) Examples of data series with different statistical characteristics in one dimension;
Colum (b, d) Standardize climacograms of data series of (a, c).

An example of climacograms generated by data sets with different statistical
characteristics is presented in Figure 4.1a and Figure 4.1c. Typical examples of the
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results related to data are presented in Figure 4.1b and Figure 4.1d. Figure 4.1a and
Figure 4.1c show a random time series in red and time series partly shifted in blue
showing clustering behavior which mimic LTP. The presence of clustering in the blue
series is demonstrated by the climacogram behavior which shows a marked difference for
the random series (in red). Specifically, the variance of the standardized series is notably
higher than that of the random series at all scales, indicating a greater degree of variability
of the process (Figure 4.1b, Figure 4.1d in blue). Likewise, between the two shifted series
(Figure 4.1a, Figure 4.1c in blue) the one with the more pronounced clustering behavior
(Figure 4.1, in blue) is also characterized by a greater degree of variability (Figure 4.1b,
d in blue).

Digression 4.A: Benchmark application

A stochastic computational tool abbreviated 2D-C (Sargentis, 2019; Sargentis 2020) is used to
study the clustering in 2D space, using images from various sources. 2D-C measures the degree of
variability (change in variability vs. scale) in images using stochastic analysis. Here, we refer to
spatial scale, defined as the ratio of the area of k x k adjacent cells (i.e., scale k) that are averaged
to form the (scaled) spatial field, over the spatial resolution of the original field (i.e., at scale 1).

-
HEEEN

(@) (b) (©)

Figure 4.2 Example of pixels in 2d picture, (b) grouped pixels at scale k=2 (c) grouped pixels at
scale k=5 used to calculate the climacogram. The pixels analyzed are actually represented by
numbers based on their grayscale color intensity. Figure present the steps of analysis. (a) shows
an example of pixels in 2d picture; (b) shows grouped pixels at scale k=2; (c) shows grouped pixels
at scale k=5 used to calculate the climacogram.

An important property of stochastic processes which characterizes the variability over
scales is the Hurst-Kolmogorov (HK) behavior (persistence), which can be represented
by the Hurst parameter (O’Connell et al, 2016). This parameter is estimated by
minimizing the fitting error between the empirical (observed) and the modelled
climacogram, both derived from the large-scale values, i.e., the last 50 scales are used in
the presented applications). The isotropic HK process with an arbitrary marginal
distribution, i.e., the power-law decay of variance as a function of scale, is defined fora 1D
or 2D process as:

A

y(k) = (c/dy2ac=m

(4.2)

where A is the variance at scale k = 4, 4 is the time or space unit, d is the dimensionality of
the process/field (i.e., for a 1D process d = 1, for a 2D field d = 2, etc.), and H is the Hurst
parameter (0 < H<1).For 0 < H < 0.5 the HK process exhibits an anti-persistent behavior,
H = 0.5 corresponds to the white noise process, and for 0.5 < H < 1 the process exhibits
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persistence (i.e., clustering). In the case of clustering behavior due to heterogeneity of the
brightness of the image, the high variability in brightness persists even in large scales.

The most common stochastic attribute in natural processes is the long-term
persistence behaviour or HK-behaviour, which is identified in global-scale analyses
including billions of records, and in over-centennial timeseries of the most important
hydrometeorological processes (i.e., temperature, humidity, wind, solar radiation, river
discharge, atmospheric pressure, and precipitation), and expressed through the
climacogram for large scales. Remarkably, the shape of the dependence structure, as
visualized through the climacogram, exhibits similarities among natural processes
(Figure 4.3), having a Markov-type behaviour at small scales and a long-term persistence
behaviour (i.e., a power-law function of scale) at large scales. The latter behaviour can be
quantified by the Hurst parameter, which is defined as the semi log-log slope plus one, i.e.
H =s/2+1, where s is the slope in logarithmic axes of the climacogram at large scales.

1 pr———

GHK
HK

y(k)
Markov-type behaviour
HK-type behaviour

—— White noise

0.1

Figure 4.3 Illustration of the Hurst-Kolmogorov dynamics model visualized through the
climacogram, v, vs. scale, k, and expanding from micro (GHK behaviour) to macro (HK behaviour)
scales.

This clustering effect may substantially increase the diversity between the brightness
in each pixel of the image, a phenomenon also observed in hydrometeorological processes
(such as temperature, precipitation, wind etc., natural landscapes and music (Sargentis,
2018).

The algorithm that generates the climacogram in 2D was developed in MATLAB by
Panayiotis Dimitriadis for rectangular images (Dimitriadis et al., 2019). In particular, for
the current analysis, the images are cropped to 400 x 400 pixels, 14.11 cm x 14.11 cm, in
72 dpi (dots per inch).
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Digression 4.B: Aesthetical issues and stochastic analysis

A Benchmark is presented in Figure 4.4, Figure 4.5. The results of the analysis are depicted
in Figure 4.6.

(a) (b) ©)

Figure 4.4 Benchmark of image analysis: (a) White noise; (b) Image with clustering; (c) Art
painting. The lower row depicts the average brightness in the upper one.

The presence of clustering is reflected in the climacogram, which shows a marked difference
compared to independent pixels as in white noise processes (Figure 4.6). Specifically, the variance
of the clustered images is notably higher than that of white noise at all scales, indicating a greater
degree of variability and uncertainty of the process. Likewise, comparing the clustered image and
the art painting, the latter has the most pronounced clustering behavior and a higher degree of
variability.

Italian Catholic priest and philosopher of the 13th century Thomas Aquinas, whose writings
influence Western thought to this day suggested that the beautiful object is the object that offers
pleasure when one sees it (“id quod visum placet”). This “definition” is strikingly laconic, and
seems to approach beauty as something subjective - if an object pleases someone, then it is
beautiful for him (Chiotinis, 2018).

Aquinas, however, lists four specific and objective components of beauty. These are (1) the
right proportions (debita proportio or consonantia); (2) integrity (integritas or perfectio), that is
the completeness, presence of all essential parts that characterize the examined object; (3)
brightness (claritas), something that is interpreted as its natural glow, the light that the object
emits (or reflects) and (4) actuality, which expresses the primal perfection of a thing, and is found
in its existencel.

I' Medieval Theories of Aesthetics, Internet Encyclopedia of Philosophy. Available online:
https://www.iep.utm.edu/m-aesthe/#SH3c (accessed 21 January 2022)


https://www.iep.utm.edu/m-aesthe/#SH3c
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Figure 4.5 Example of stochastic analysis of 2D picture, in escalating spatial scales. Grouped
pixels at different scales are used to calculate the climacogram: (a) White noise; (b) Image with
clustering; (c) Art painting.
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Figure 4.6 (a) Climacograms of the benchmark images; (b) Standardized climacograms of the

benchmark images.
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Since in the stochastic analysis that is used in this study the brightness of images is used in
image processing, we note the importance of this criterion in Aquinas’s theory of beauty:
"Radiance [(claritas)] belongs to being considered precisely as beautiful: it is, in being, that which
catches the eye, or the ear, or the mind, and makes us want to perceive it again" (Gilson, 2000).
Brightness is considered the most subjective criterion of beauty: the brightness coming from a
beautiful object initially captures the viewer's attention, a feature that is closely related to
medieval concepts of light.

More importantly, Aquinas also made a valuable note on the importance of spatial correlations
which are the basic function of the stochastic analysis that is utilized: “a predicate may express a
mode of being that is common to every being in general... and can be understood in two ways: (1)
absolutely - referring to a being as it relates to itself; (2) relatively - referring to a being as it
relates to other beings.”

(b) (c)
Figure 4.7 (a) Herd of dolphins (b) clustered herd of dolphins (c) scene without dolphins.

For the quantification of the difference between climacograms, we subtracted their
values for each scale:
R(k) = )/(K.') original image - )/(K) transformed image (43)
where y; and y; are the climacogram estimations of the original image and the
transformed image, respectively.
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0.1 . T 1 0.0 T
1 10 100 1 100
k K
(a) (b)

Figure 4.8 (a) Standardized climacograms of images in Figure 4.7 and (b) evaluation
climacograms of original vs. transformed scenery.
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Using this tool, we can evaluate the also the transformation of an original image. For
example, in a theoretical scenario of a sudden appearance of a herd of dolphins, different
clustering arrangements of the herd are examined (Figure 4.7a,b) aiming to quantify the
visual transformation to the examined scenery, using the original image that does not
have any transformation as a baseline (Figure 4.7c).

The results (Figure 3) indicate that the minimum alternation to the structure of the
original image was caused when the herd of the dolphins is clustered.

4.2 Quantification of clustering
For the integration of all information contained in the 2D climacogram of each
timeframe, we evaluate the cumulative areas underneath each one for all scales (Figure
. : . k .
4a), i.e. the climacogram integral fA y(x)/x dx, where 4 and k are the minimum and

maximum scale and we have divided by x in order for the integral to converge for
arbitrarily high k (k — o0). In the discrete case this can be approximated as:

n(k)-1
I = D (i) + 7)) T (44
= Xit+1 T Xj

where n(k) is the number of integration intervals up to scale k. We evaluate CI(k) at the
maximum available spatial scale, so that it be the best approximation of the limit CI(c0).

In Figure 4.11b each climacogram is represented by the respective integral, thus we
can evaluate the rate of alteration of clustering through time.

(a) (b)

Figure 4.9 Benchmark of image analysis, evolution of the universe!: (a) 500 million years after
Big Bang image with faint clustering, average brightness 0.45; (b) 1000 million years after Big
Bang image with clustering, average brightness 0.44 and (c) 10000 million years after Big Bang
image with intense clustering, average brightness 0.33.

I Evolution of the Universe. Available online: http://timemachine.cmucreatelab.org/wiki/Early_Universe
(accessed on 24 August 2020).
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Figure 4.10 Example of stochastic analysis of a 2D picture, in escalating spatial scales, as shown
on the left in red colour. Grouped pixels at different scales are used to calculate the climacogram:
(a) images (a), (b) and (c) correspond to times as given in Figure 4.9.
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Figure 4.11 (a) Climacograms of the benchmark images; (b) standardized climacograms of the
benchmark images. Note that standardized climacogram is not helpful to evaluate the range of
clustering thus is not preferred for this application.
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Figure 4.12 (a) Cumulative areas underneath each climacogram for each scale; (b) Rate of
alteration of clustering through time.
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The pixels analyzed are represented by numbers based on their color intensity in
grayscale (white = 1, black = 0). Figure 4.9 presents images from three timeframe of the
evolution of the universe as generated by the cosmological model of evolution!: (a) 500
million years after Big Bang, image with faint clustering; (b) 1000 million years after Big
Bang, image with clustering and (c) 10 000 million years after Big Bang, image with
intense clustering. Figure 4.10 presents the steps of analysis and shows grouped pixels
atscales k=2,4,8, 16, 20, 25, 40, 50, 80, 100 and 200 used to calculate the climacogram.
The presence of clustering is reflected in the climacogram, which shows a marked
difference as clustering increases (Figure 4.11a). Specifically, the variance of the
clustered images is notably higher when clusters increase at all scales, indicating a greater
degree of variability of the process.

4.3 An entropic analysis of society’s structure

Havta ta éua pet’ éuot pépw (All that is mine I carry with me)
Bias of Priene, one of the seven Greek sages; 6th c. BC;
quoted in Latin by Cicero, Paradoxa Stoicorum I, 8, as “Omnia mea mecum porto”

What is entropy

The name “entropy” has been introduced about 150 years ago as a scientific term but
later its use became common of everyday language. We can find it in literature in poetry
in press, and in web posts, but often its use is irrelevant to its real scientific meaning. The
most common use of the word entropy is when a writer wants to describe with an
“intellectual” word a kind of disorder.

I'Early Universe. Available online: http://timemachine.cmucreatelab.org/wiki/Early_Universe (accessed 21
January 2022)


http://timemachine.cmucreatelab.org/wiki/Early_Universe
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Out of its physical and stochastic context, the term “entropy” is typically used
metaphorically and hence its meaning becomes ambiguous or diverse. For example, the
term “social entropy”, in one of its earliest uses in scholarly publications is equated to
“dereliction, pollution and waste”, which are created by “economic activity” or by “society
as consumers” and has to be minimized. Bailey in his book entitled “Social Entropy
Theory” tried to illuminate the fundamental problems of societal analysis with a
nonequilibrium approach, a new frame of reference built upon contemporary
macrological principles, including general systems theory and information theory (Beiley,
1990).

In economics, Frederick Soddy (1877 -1956) and Nicholas Georgescu-Roegen (1906 -
1994), fascinated by entropy in thermodynamics, sought analogies with economics and
development in a Malthusian perspective (Soddy, 1993; Georgescu-Roegen, 1971). Many
others have followed their school until today.

The name évrpomia (Greek for entropy) appears already in ancient Greek (from the
verb évtpémetv, to turn into, to turn about) but was introduced in the international
scientific vocabulary by Rudolf Clausius only in 1865. Clausius recognised that entropy is
related to transformation and change, and the contrast between entropy and energy,
where the latter is a quantity that is conserved in all changes. This meaning has more
clearly been expressed in Clausius’ famous aphorism (Clausius 1865):

Die Energie der Welt ist constant. Die Entropie der Welt strebt einem Maximum zu.
(The energy of the world is constant. The entropy of the world strives to a maximum).

Herein, entropy and its ability to increase is the driving force of change.

More than 150 years after the introduction of the entropy concept, its meaning is still
debated.

In the public perception entropy has a negative content, and is typically identified with
disorganization or disorder, and deterioration. Wiener, the most influential scientist who
supported the disorder interpretation. In 1946, he gave a keynote speech at the New York
Academy of Sciences in which he declared that (Wiener, 1948):

Information measures order and entropy measures disorder.

There is no doubt that the notion of entropy entails difficulties in understanding but this
happens because our education is based on the deterministic paradigm. Indeed, it is
difficult to incorporate a clearly stochastic concept, i.e. entropy, in a deterministic
mindset. The notion of order looks deterministic-friendly, and its opposite, disorder, has
a negative connotation in the deterministic mindset.

But the notions of order and disorder are less appropriate and less rigorous as
scientific terms and more appropriate in describing mental states and even more so in
describing socio-political states. The latter is manifest in the frequent use of the
expression “world order” and “new world order” in political texts included in Google
Books (Figure 4.13). Other representatives of oligarchic elites prefer the expression
“global order” (also included in Figure 4.13).
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Figure 4.13 Frequency of appearances of the indicated phrases in Google Books. Notice that “new
order” was the political order which Nazi Germany wanted to impose and naturally its use peaked
in the early 1940s. The other phrases also peaked at the same time but they showed higher peaks
after 1990sl.

Steyer attributes an excessive contribution to the misconception of entropy as disorder
to autobiographical book “The Education of Henry Adams”. As quoted by Steyer, Adams

contests Chaos and Anarchy, and states (Adams, 1918):

The kinetic theory of gas is an assertion of ultimate chaos. In plain words, Chaos was the

law of nature; Order was the dream of man.

Undoubtedly, elites that want to control the world have exactly this dream, but this
does not necessarily mean that the entire humanity has the same dream with the elites.
When speaking about entropy, we should have in mind that the scale is an important
element and that entropy per se, being a probabilistic concept, presupposes a
macroscopic view of phenomena, rather than a focus on individuals or small subsets.

If we viewed the motion of a particular dice throw, we might say that it was irregular,
uncertain, unpredictable, chaotic, random. But macroscopization, by removing the details,
may also remove irregularity. For example, the application of the principle of maximum
entropy to the outcomes of a die results in equal probabilities (1/6) of each outcome.

This is perfect order. As the accuracy of this law is so high, most people believe that the
principle of maximum entropy is a deterministic law. But if entropy is not disorder, what
is it?

According to its standard definition, entropy is precisely the expected value of the
minus logarithm of probability. If this sounds too difficult to interpret, an easy and
accurate interpretation is that entropy is a measure of uncertainty. If “disorder” is
regarded as a “bad thing”, for many the same is the case with uncertainty. The expressions
“uncertainty monster” and “monster of uncertainty” appear in about 250 scholarly
articles registered in Google Scholar.

However, if uncertainty is a monster, it is thanks to this monster that life is livable and
fascinating. Without uncertainty, life would be a “universal boredom”, and concepts such
as hope, will (particularly, free will), freedom, expectation, optimism, etc., would hardly
make sense. A technocratic system where an elite comprising super-experts who, using

I'Data retrieved on 2021-08-01 by https://books.google.com/ngrams /
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super-models, could predict the future without uncertainty, would also assume full
control on the society.

Fortunately, this will never happen because entropy, i.e. uncertainty, is a structural
property of nature and life. Hence, in our view, uncertainty is neither disorder nor a “bad
thing”. How could the most important law of physics (the Second Law) be a “bad thing”?
In a deterministic world view, there is no uncertainty and there is no meaning in speaking
about entropy. If there is no uncertainty, each outcome is accurately predicted and hence
there are no options.

In contrast, in an indeterministic world, there is a plurality of options. This corresponds
to the Aristotelian idea of Uvauig (Latin: potentia—English: potency or potentiality).

gvrpomia duvapg / potentia

¢[£] = E[-In P(x)]

entro py uncertainty plurality of options freedom

Figure 4.14 An attempt for an artistic representation of the notion of entropy. Uncertainty is
depicted by Marc Chagall’s Palette and freedom by Marc Chagall’s Self-Portrait with Seven Fingers;
Sdvvauis (Greek) or potentia (Latin) is the Aristotelian idea for potency or potentiality.

Guye asked the question: How is it possible to understand life, when the whole world
is ruled by such a law as the second principle of thermodynamics, which points toward
death and annihilation? (Guye, 1922)

Schréodinger argued that “What an organism feeds upon is negative entropy”
(Schrodinger, 1944).

In a rather metaphysical context, assuming a non-statistical definition of negentropy,
others see a negentropic principle governing life, biosphere, economy, etc., because these
convert things which have less order, into things with more order.

If we see entropy as uncertainty, we also understand that life is fully consistent with
entropy maximization. The human-invented steam engines (and other similar machines)
increase entropy all the time, being fully compatible with the Second law, yet they produce
useful work.

Likewise, the biosphere increases entropy, yet it produces interesting patterns, much
more admirable than steam engines. Life generates new options and increases
uncertainty. Compare Earth with a lifeless planet: Where is uncertainty greater? In which
of the two planets a newspaper would have more events to report every day?

I' Source: Koutsoyiannis, D.; Sargentis, G.-F. Entropy and Wealth. Entropy 2021, 23, 1356.
https://doi.org/10.3390/e23101356
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Digression 4.C: Summarize the final theses on entropy

(a) Entropy is a stochastic concept with a simple and general definition. Notably, according to its
stochastic definition, entropy is a dimensionless quantity.

(b) As a stochastic concept, entropy can be interpreted as a measure of uncertainty, leaving aside
the traditional but obscure and misleading “disorder” interpretation.

(c) The classical definition of thermodynamic entropy is not necessary; it can be abandoned and
replaced by the probabilistic definition.

(d) Applied in thermodynamics, the thus defined entropy is the fundamental quantity, which
supports the definition of all other derived ones.

(e) The entropy concept is equipped with the principle of maximum entropy, which states that
entropy tends to take its maximum value that is allowed, given the available information
about the system.

(f) The tendency of entropy to reach a maximum is the driving force of natural change.

(g) Life, biosphere and social processes are all consistent with the principle of maximum entropy
as they augment uncertainty. Therefore, no additional “life principle” is necessary to explain
them.

Mathematical formulation

In the last century, a new scientific field has developed, econophysics, which combines
socio-economic dynamics with the laws of physics.

Although in physics entropy is widely is often used as a measure of disorder, its
universal character, stemming from its stochastic definition, features it as a measure of
uncertainty. Together with the accompanying principle of maximum entropy, it forms an
excellent tool to describe the dynamics of societies.

We consider a stochastic (random) variable x (notice that we underline stochastic
variables to distinguish them from regular variables) and we denote its distribution
function (i.e. probability of non-exceedance) and its tail function (i.e. probability of
exceedance), respectively, as:

F(x) =P{x <x}, F(x) =1—F(x) = P{x > x} (4.5)
where P denotes probability. If the variable x is discrete, i.e. it can take any of the values
x,j =1,..,0, with probability P = P(xj) = P{g = xj} then the sequence P; defines its
probability mass function. If the variable is continuous, i.e. it can take any real value (or a

value in a subset of the real numbers), then we define the probability density function as
the derivative of the distribution function:
dF (x) (4.6)

xX) =
fO) =—

From general postulates about uncertainty, a unique (within a multiplicative factor)
metric @ results, serves as the definition of entropy:

®[x] = E[-InP(x)] = —ip}.mpj. (4.7)

Social prosperity presupposes social constitution, which in turn presupposes social
stratification and development. Social stratification together with the economic aspects
of society are the factors that determine entropy.

Koutsoyiannis and Sargentis (2021) note:
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According to its standard definition... entropy is precisely the expected value of the minus
logarithm of probability. If this sounds too difficult to interpret, an easy and accurate
interpretation is that entropy is a measure of uncertainty. Hence, maximum entropy
means the maximum uncertainty that is allowed in natural processes, given the
constraints implied by natural laws (or human interventions).

Mathematically for a continuous stochastic variable x defined in [0, J], the entropy @ is

defined as:

®[x] =E [- lnﬁ )~ — f(x)dx (4.8)

B(x)
where f(x) is a background measure and can be any probability density. Typically, it is a
Lebesgue density, i.e. constant and it is assumed, f(x) = 1/A with A being a monetary unit

FE__ f pRiC)

(Koutsoyiannis and Sargentis, 2021). If the stochastic variable x is the income of people
then the entropy reflects the uncertainty in the income distribution. From the principle of
maximum entropy, given the constrains that we have about the income, we can determine
the probability density f(x), which determines the stratification in the society.

From an entropic view point, we note that when the real average of the people’s income
increases (growth), the entropy @ of societies, is increased. Instead of that, if the real
average decreases (recession) entropy @ is decreased. As entropy decreases instead of its
natural tendency, in recession phase, societies flow in an unstable phase. In this respect it
turns out that entropy is also a measure of society’s wealth.

The entropic approach provides also another way to evaluate inequality. While for
constant background density equal to the inverse of the monetary unit the entropy
provides a measure of society’s wealth, if we change the background measure to the value
1/u, where pu is the mean income, the thus calculated entropy is a measure of inequality.
Calling the latter quantity standardized entropy and denoting it as &, [g], after algebraic
manipulations (Koutsoyiannis and Sargentis, 2021) we get:

@[] = o[x] - 1% (49)

The mathematical formulation of maximum entropy shows that the exponential
distribution has maximum entropy &,=1. In Pareto distribution and the two-parameter
gamma distribution, (the behavior of which is opposite to Pareto), entropy &,=0.884,
significantly lower than exponential (Figure 4.15). In the extreme cases of total equality
&, =-% and in total inequality ¢,=0
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Figure 4.15 Comparison of the entropy maximizing distribution (for Lebesgue measure f(x) =

1/21) with two other distributions, in terms of their probability density functions f(x).

Two opposite forces modify the natural (exponential) distribution:

1. An organized society redistributes income and wealth through their transferal from
the richer individuals to the purer by means of several mechanisms (e.g. taxation). As
a result of redistributions, (a) poverty below a low level is eliminated; (b) the middle
class, becomes more populated and amplified; (c) the rich lose income.

2. On the other hand, the actions of economic elites, pursuing a greater share of the
community’s wealth, tend to modify mostly the income distribution tail, converting it
from exponential to power-law (Pareto). The effects of this force on the income
distribution are to: (a) increase the number of poor; (b) diminish the middle class; and
(c) benefit the richest.
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Chapter 5. Agricultural Land or Photovoltaic Parks?

One of the most important aspects of the global shift towards sustainability is the
transition to Renewable Energy (RE) technologies. The shift to renewables introduces
further challenges within the WEF nexus. A characteristic example is the worldwide
expansion of photovoltaic (PV) energy, also emerging from the attractive financial
opportunities offered, which has resulted in an expanding occupation of agricultural land,
since the latter offers significant advantages for installing PV panels. Hence, the
motivation of this research is the growing concern over the degradation of agricultural
and livestock production, as a result of the occupation of agricultural land for the
establishment of PV power stations. For this reason, an attempt is made to investigate the
competitive relationship between PV power plants and food production. As a case study,
we consider the area of Thessaly, which is one of the keys for the primary-sector in Greece
and the biggest agricultural area in Greece. The vast expanse of flatland, in combination
with the abundance in solar resource, favours the development of PV systems, attracting
alarge number of investors. Our analyses aim at the assessment of transforming the plain
from a food production area to an energy production area.

Since the beginning of the 21st century, the penetration of RE sources has been
growing rapidly, and their share in the electricity mix is expected to further increase.
Despite the large advantages of RE over conventional fossil fuels, there is a growing
concern over the globe that large-scale RE infrastructures will displace other land uses,
thus resulting in severe socio-economic and environmental impacts and irreversible
alterations to landscapes (Manta et al., 2020; loannidis et al., 2020; loannidis et al., 2019;
loannidis and Koutsoyiannis 2020).

After hydroelectric and wind energy, PV energy is the third most important form of RE
worldwide. Global PV capacity has substantially grown from around 5 GW in 2005 to 714
GW in 2020 This expansion is explained by the rapid fall in costs for solar PV, on the one
hand, and the financial and legislative motivations provided at the national and
international level (e.g., the EU), on the other. In this context, one of the most typical
conflicts among RE and land resources involves the development of PV solar plants in
rural areas, and particularly over agricultural lands.

There are multiple reasons making agricultural lands so much attractive for the
deployment of PV systems at the large scale. It is well-known that electrical power of solar
PVs is a conversion of the incoming solar radiation, direct and diffuse, which depends on
the geographic location and it is also strongly influenced by the local topography
(Mamassis et al., 2012). On the other hand, the efficiency of PV panels, although primarily
depends on the technical characteristics of the specific system (silicon type, cell layout
and configuration, panel size, color of protective backsheet, etc.), is also significantly
affected by the local microclimate, mainly the temperature. It is recognized that the most

I'IRENA, Renewable capacity statistics 2021, International Renewable Energy Agency (IRENA), Abu Dhabi,
ISBN: 978-92-9260-342-7,2021.
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suitable land conditions for maximizing PV potential are croplands, grasslands and
wetlands, which are characterized by plentiful insolation, light winds, moderate
temperatures and low humidity (Adeh et al, 2019). Apparently, croplands are more
suitable since they combine a relatively low cost for land reservation, easy accessibility to
the road and electrical grid network, and minimal interventions for the preparation of the
installation terrain (e.g., grading). Hence, they are strongly preferred by investors seeking
for plain areas with such beneficial characteristics, to deploy large-scale solar parks
(indicatively, a solar park of 1 MW capacity needs a development area of about 2.6 ha). On
the other hand, an increasing number of land owners and farmers find more gainfulness
to grant their lands to energy investors, in order to ensure a steady and low-risk income,
which may exceed their net profit from agricultural production.

Under this premise, from the beginning of RE expansion there is a long-standing
discussion on the impacts of capturing agricultural land for the installation of large-scale
PV systems (Spath, 2018; Guerin, 2019; Dias, 2019). Apart from the obvious question, i.e.,
whether is it possible to fulfill the needs for food and energy under limited land resources
(Nonhebel, 2005; Sacchelli et al., 2016), PVs at agricultural areas are also associated with
environmental degradation, including landscape deterioration (Sargentis et al., 2019;
Sargentis et al., 2021), land take, soil degradation, as well as loss in traditional cropland
and biodiversity (Delfanti, 2016).

However, recent advances under the water-energy-land-food nexus approach have
brought in light innovative solutions for overcoming the conflicts between energy and
land uses and co-developing the same land area for both solar PV power and conventional
agriculture. In this respect, there is a global interest on the so-called agrophotovoltaic or
agrivoltaic systems (Dinesh, 2016; Dupraz, 2011; Pascaris, 2021), which are suitable for
shade-tolerant crops and they also offer quite significant advantages with respect to PV
efficiency. The experience reported so far is quite encouraging. Nevertheless, it is
generally accepted that such synergetic schemes are economically effective under specific
climatic conditions (i.e., arid or semi-arid) and for locations with intense competition for
land resources, e.g., islands (Weselek, 2019).

Overview of the food-land-energy nexus in Thessaly

The district of Thessaly extends over an area of 1403 600 ha in central Greece, where
403 045 ha is the cultivated land (Figure 5.1), thus covering over 10% of the country's
agricultural land!. The extensive agricultural production in the plain of Thessaly is
facilitated by the topography and the fertile land resources.

Forty per cent of cultivated land is irrigated, which puts pressure on both surface and
groundwater resources, since irrigation of crops is the largest consumer of water (Table
5.1). The estimated annual water intake for all uses is 1422 hm3 and 24% concerns

IHellenic Statistical Authority, Agriculture and livestock. Available online:
https://www.statistics.gr/el/statistics/agr /- (accessed 27 June 2021).

Thessaly, llepupépela Oeaoariag Available online: http://www.gaiapedia.gr/ (accessed 27 June 2021).
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surface water, while 76% comes from drilling groundwater! (Koutsoyiannis et al., 2008).
The annual deficit of groundwater is 474 hm3, and is caused by the intensive and
unsustainable use mostly of groundwater.

The annual crops are fully mechanized in all production stages from sowing to harvest.
In order of magnitude, modern farming uses annually 25 GJ/ha!l (Smith, 2019; Jiang et al.
2019; Davis and Hatfield, 2007; Coughenour et al., 1985; Smil, 2004; Smil, 2004; Singh et
al, 2002; Canakci et al.,, 2005; Kander, 2011; Schnepf, 2004; Vreni, 2015) so we can
assume that annual energy needs for the cultivation are about 8 million GJ (or 2.8 TWh).
For comparison, the total energy demand in Greece is about'! 319 TWh, on annual basis.
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Figure 5.1 Land use of Thessaly!V.

ISurface water and Grandwater sources in Thessaly. Emipaveiakd kot Ymoysia Ydatikd Zvotiuata,
Y8atwou Iopot kat Mepdrrov Oeooariag (YIIEGE). 1n Avabewpnon ZAAAIL, YA @sooariag (EL08),
Available online on : http://wfdver.ypeka.gr/wp-content/uploads/2017/12 /EL08_SDLAP_APPROVED.pdf
(accessed 27 June 2021).

Il Energy for Agriculture. Available online: http://www.fao.org/3/X8054E/x8054e05.htm (accessed 27
June 2021).

Il Greece: Energy Country Profile. Available online: https://ourworldindata.org/energy/country/greece
(accessed 27 June 2021).

IV Data retrieved on 2022-02-17 by Hellenic Ministry of Environment and Energy; Geospatial data,
Awadiktvakn TMOAN Tewyxwpwkwv [MAnpogopwwv Ymouvpyeiov IepiBdArovtog kat Evépyeiag (YIIEN).
Available online: http://mapsportal.ypen.gr/maps/?limit=20&offset=0 (accessed 27 June 2021).
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Table 5.1 Water consumption in Thessaly

Type ] of Water quantity (hm3)
consumption

Irrigation (2013) 1306

Municipal water 94

Livestock 13

Industry 9

Total 1422

After wind energy, solar energy, mainly by means of PV parks, is the mostly developed
source of renewable energy in Greece. It is remarkable that the sharing of solar energy to
the electricity mix of the country increased from less than 0.3% to 9.0%, in the last decade.
In particular, the Thessalian plain is strongly beneficial for installing PV panels, since it is
a vast flat land, receiving an average annual solar energy! of 1440 to 1590 kWh/m?.

In recent years, the interest of investors in Greece has been focused on RE, also raised
by significant financial incentives provided by national and the EU legislation. The
installation of renewables in Greece is controlled by the Regulatory Authority for Energy
(RAE). RAE is an independent authority established by Law 2773/1999!, which
harmonized the Greek legal order with EU Directive 96/92/EC!! and is empowered to
monitor the operation of all sectors of the energy market. Figure 5.2, Figure 5.3 show
the land uses over Thessaly, while the licensed solar parks exceeding 1 MWW,

According to recent Greek law (valid from March 2020)V, the maximum allowable solar
power capacity in agricultural land of Thessaly is 2 758 MW. The solar capacity so far is
1 711.5 MW, while the licensed parks cover ~1% of cultivated land. Based on approximate
data from the Global Solar AtlasV!, we estimate that the current solar energy production
in Thessaly is 1485 kWh/kWp. This means that currently Thessaly produces about 9
million GJ (about 2.5 TWh). Assuming that all potential solar capacity allowed by the law
is installed, the produced annual energy will be approximately 15 million GJ (4.2 TWh),
which exceeds with the energy needs for food production in the entire area of Thessaly.

I' Laboratory of Atmospheric Physics of the University of Patras. Climatological Maps of Sollar Energy in
Greece, Greek Network of Solar Energy, EAAnviké Alktuo HAwakng Evépyelag, 2002-2012. Available online:
https://www.atmosphere-upatras.gr/solarmaps/Thessaly (accessed on 27 June 2021).

I Greek low 2773/1999, (PEK 286/A/22-12-1999). Available online: http://www.et.gr/ (accessed 27 June
2021).

Il Directive 96/92/EC of the European Parliament and of the Council of 19 December 1996. Available
online: https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A31996L0092 (accessed on 27
June 2021).

IV Regulatory Authority for Energy (RAE), Geobase map, PAE, PuvBuotiky Apyy Evépyelag,
TFewmAnpooplakds Xaptng. Available online: https://geo.rae.gr/ (accessed 27 June 2021).

V Greek low 4643/2019 (®EK 193/A/3-12-2019) Available online: http://www.et.gr/ (accessed 27 June
2021).

VI Global Solar Atlas. Available online:
https://globalsolaratlas.info/map?c=39.461644,22.142944,9&s=39.374867,22.355804&m=site (accessed
27 June 2021).
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Figure 5.3 (a) Land use of Thessaly; (b) Heat map of the installation of PV panels lager than 1 MW
in Thessaly’s cultivated land (source: Siamparina, 2021).

Quantitative analysis

In order to evaluate the conflicts and possible synergies between the three resources
of interest, i.e. food, land, and solar energy, we employ an economic comparison of PV
panels development vs. agricultural activity, having as "common denominator” the

I' Regulatory Authority for Energy (RAE). Geobase Map,
TFewmAnpooplakds Xapng. Available online: https://geo.rae.gr/ (accessed on 27 June 2021).

PAE, PuvBuwotwkry Apxn Evépyewag,
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associated occupied area (Siamparina, 2021). As a proof of concept, we considered two
alternative cultivations, namely wheat, which is the traditional agricultural product of
Thessaly, and kiwifruit. The latter is native to the Yangtze Valley of northern China and
Zhejiang Province on the coast of eastern China (Morton 1987). Currently, the main region
of kiwifruit cultivation in China is the central and lower Yangtze River Valley.

Climatic data shows that kiwifruit native land has the same range of temperatures with
Thessaly but totally different characteristics of rainfall (Figure 5.4). Specifically, the
annual average rainfall in Thessaly is about 500 mm (Koutsoyiannis et al., 2008) and the
average of three different areas in Yangtze River valley is about 1600 mm. In order to
optimize the kiwifruit production and adjust cultivated land of Thessaly’s plain, to the
environmental conditions of Yangtze River valley, farmers need 7000-8000 m3 of water
per hectare for irrigation! (Holzapfel et al., 2000). On the other hand, the water needs of
wheat are much more limited and they do not exceed 1500 m3/ha.

Two types of analyses were conducted. The first involved the comparison of the three
alternatives on a unit area basis (per hectare). The main outcomes are summarized in
Table 5.2.

Since the total energy consumption per capita in Greece for domestic uses is about 110
GJ, one hectare of PV panels can fulfill the energy needs of 19 people. On the other hand,
the daily food caloric supply per capita in Greece is about 3350 (5.2 G] annually). Under
the hypothetical context that people fulfill their food needs exclusively by wheat or
kiwifruit, we conclude that one hectare of cultivated land equals the caloric needs of 10-
19 and 20 people, respectively (annually needs ~912,500 kcal). We remark that while
kiwifruit is more efficient from a market point-of-view (one ha can produce up to 40 t, in
contrast to wheat that produces only 4-7 t), it needs much more water for irrigation.
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Figure 5.4 Climate data of Thessaly (Greece) and different areas in Yang-tze Valley (China)!ll.

I Cultivation of kiwifruit in Greece. Available online: Shorturl.at/doA23 (accessed on 27 June 2021).

II Greece: Energy Country Profile. Available online: https://ourworldindata.org/energy/country/greece
(accessed on 27 June 2021).

Il Climate Data for Cities Worldwide. Available online: https://climate-data.org (accessed on 27 June 2021).
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Digression 5.A: PV panel, cultivation of wheat and kiwifruit

Table 5.2 PV panel, cultivation of wheat and kiwifruit (annually quantities in Thessaly per ha)

Consumption Production Conversion of annual needs

“ Energy 151 GJ * 2255 (@]
) ds of 19 le;
g Water x ) energy rllee S o people
a, average in Greece
> Food - -
A

Energy 19.5 GJ! 55.4-97 G ***
= Water 0-1500 m3" - 10-19 (people; food)
Q
£  Food - 4-7 ¢

Energy 30.5GJm 100.48 MJ****
= - 3
é Water Z}OOO C 20 (people; food)
E
5 Food - 40t

*Embodied energy of panelsV, apported in 20 years of use.
** Hidden water must be in the consumption of the construction of PV panels which cannot be
estimated.
*** 1kg wheat=3310 kilocaloriesVL.
***+1kg kiwifruit =610 kilocaloriesVIL
The second analysis involved the development of a real-world PV park in Central

Thessaly, that extends over an area of 1.3 ha (Singh, 2002). The total power capacity of
the plantis 500 kW. For the estimation of mean annual energy production, we considered
the typical value of 1485 kWh/kWp, increased by 15% under the assumption of applying
a solar module tracking system. Taking an investment period of 20 years, a financial
analysis was employed (Siamparina, 2021), and contrasted to the development of the two

I Visser, C.D.; Buisonjé, F.; Ellen, H.; Stanghellini, C.; Voort, M.V. State of the Art on Energy Efficiency in
Agriculture, Country data on energy consumption in different agroproduction sectors in the European
countries, 2012. Available online: https://www.semanticscholar.org/paper/State-of-the-Art-on-Energy-
Efficiency-in-Country-on-Visser-Buisonj%C3%A9/72f757a4a816fcalbbad065ddb67ff91eac53531
(accessed 27 June 2021).

Il Gemptos, F. The irrigation of whead, To métiopa Tov okAnpov citaptov: [6co amodidel n dpdevon; 26
March 2019, Available online: shorturl.at/gvIVZ (accessed 27 June 2021).

Il Mohammadi, A.; Rafiee, S.; Mohtasebi, S. S.; Rafiee, H. Energy inputs - yield relationship and cost analysis
of kiwifruit production in Iran, Renewable Energy, Volume 35, Issue 5, 2010, Pages 1071-1075, ISSN 0960-
1481,https://doi.org/10.1016/j.renene.2009.09.004.

IV Kukuryiannis, V. and Vasilakakis, M. (1997). Kiwifruit production and research in Greece. Acta Hortic.
444, 43-48 DOI: 10.17660/ActaHortic.1997.444.3 https://doi.org/10.17660/ActaHortic.1997.444.3

V Piasecka, I.; Baldowska-Witos, P.; Piotrowska, K.; Tomporowski, A. Eco-Energetical Life Cycle Assessment
of Materials and Components of Photovoltaic Power Plant. Energies 2020, 13, 1385.
https://doi.org/10.3390/en13061385

VI Calories 24. Wheat. Available online: https://calories24.com/int/calories-in/wheat (accessed 27 June
2021).

VI Calories 24. Kiwifruit. Available online: https://calories24.com/int/calories-in/kiwifruit (accessed 27
June 2021).
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alternative food sources, i.e., kiwifruit and wheat. Figure 5.5 illustrates the financial flows
for:
(a) Solar parks; based on recent prices of electricity produced by PV parks (2021)
(b) Financial needs and aspects of the cultivation of kiwifruit in 2021 prices
(c) Financial needs and aspects of the cultivation of wheat in 2021 prices

The financial analysis indicates that an investment to kiwifruit is highly efficient
(almost the same with PV panels), and needs less than a half of the investment for PV
panels development. The time needed for the amortization of the investment cost for
kiwifruit crops is about 7 years, as for PV panels it is around 12 years.

200,000 €
100,000 €
0€ —
10 15 20
Years
-100.000 €
—=Solar panels Whead ==——Kiwi

Figure 5.5 Cumulative financial outflows and inflows for different activities (source: Siamparina,
2021).
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Figure 5.6 Water needs for Thessaly plain if there were only wheat or kiwifruit.
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Figure 5.7 Annual energy needs and energy production per ha (energy by food is converted from
calories to Joule).

Under an extreme scenario of agricultural development based on kiwifruit over the
entire Thessaly, the total water needs will reach 3 000 hm3, while the available surface
water resources are only 340 hm3 (Koutsoyiannis et al., 2008) (Figure 5.6). Obviously,
this a non-sustainable option, given that the groundwater resources of Thessaly are under
substantial stressing.

Finally, in Figure 5.7, we plot the energy balance of the three alternatives, on a life-
cycle basis. In terms of pure production, the PV development is by far more beneficial.
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Chapter 6. Clustering and growth, partitioning and protection

«alel TOv ouolov dyel Beog wg Tov ouoiv» (0dvooeia, p 218)
“All ever, the god is bringing like and like together.” (Homer-Odyssey)

6.1 Ecosystems

Ecosystems are characterized by dynamic transformations involving spatial clustering. In
order to show how the proposed stochastic tool could be applied in the study of
ecosystems we present the quantification of the evolution of clustering for three case
studies:

(a) the deforestation of Borneo (Figure 6.1, Figure 6.3a),

(b) the deforestation of the Amazon (Figure 6.2, Figure 6.3b) and

(c) the evolution of water bodies in Greece (Figure 6.4, Figure 6.5, Figure 6.6)

(a) (b) ©) (d)

Figure 6.1 Deforestation in Borneo, declustering of forests 1950-2005! (a) 1950; (b) 1985; (c)
2000 (d) 2005.

In these examples, we can see the demolition of the forests’ clustering in Borneo, and
the evolution of clustering of dry lands and urban areas in the Amazon Forest. An
interesting insight is provided, showing the evolution of water bodies in Greece, as new
artificial lakes are created, resulting in amplification of natural variability. Such an
argument in favor of the integration of dams in the landscape was recently proposed
(Ioannidis and Koutsoyiannis, 2020). Note that increasing of clustering of water bodies is
associated with the construction of large-scale dams and it is related to the economic
growth; increasing clustering appears in periods of increasing Gross Domestic Product
GDP (Figure 6.6).

I Creator Credit Hugo Ahlenius. Available online: https://www.grida.no/resources/8324 (accessed on 15
September 2020).



(a) (b)

(c)

Figure 6.2 Deforestation of the Amazon, creation of clustering of dry land and urban areas inside

a forest! (a) 1984; (b) 1992; (c) 2000; (d) 2008; (e) 2016.
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Figure 6.3 Rate of alteration of clustering through time of (a) demolition of fosters’ clustering in
Borneo; data from Figure 6.1; (b) evolution of dry-lands’ clustering in Amazon; data from Figure

6.2.
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(a)
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Figure 6.4 Evolution of water bodies in Greece as new artificial lakes are created (a) overview
map of the area with natural and artificial lakes in 2020; (b) layer of the map: lakes 1960; (c) layer
of the map: lakes 2020.

' The Human Impact on the World’s Forest. Available online: https://www.visualcapitalist.com/human-
impact-on-forests/ (accessed on 15 September 2020).
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Figure 6.5 Evolution of water bodies in Greece as new big dams are constructed and new artificial
lakes are created.
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Figure 6.6 Rate of alteration of clustering through time of water bodies in Greece through the
construction of large dams; related to GPD of Greece.

6.2 Evolution of human social clustering

Large-scale infrastructure projects are necessary when the human population is clustered
and organized in large units. In order to understand and describe the changing scale of
infrastructures, it is necessary to first assess the evolution of human social clustering. This
is facilitated through the investigation of spatial databases. To this aim, we employ our
stochastic methodology to characterize the temporal evolution of spatial information
regarding human social clustering.

The beginning of human civilization was signalled by the organization of systematic
agriculture through the clustering of cropland areas (Figure 6.7) and the formation of
human clustering structures, i.e., societies that stabilized in space forming cities and
transforming their environment (Figure 6.9). We evaluate related historical data to
quantify the evolution of clustering in the global and local scale. Figure 6.7 shows the
evolution of cropland areas from 1000 BC to 2000 AD worldwide, derived from (Klein
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Goldewijk etal., 2011), whereas Figure 6.9 shows the evolution of settlements in London!
from 1 AD to 1900 AD. It is interesting to note the radical increase in the rate of clustering
occurring in both cases after 1700 AD (Figure 14), i.e. in the period after the industrial
revolution.

SR N 8 S *:{M“ : =R ",g‘, 5
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¢ ¢ ¢ s 4
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(a) (b) (c) (d)

Figure 6.7 Evolution of cropland area; historical data (a) 1000 BC; (b) 1000AD; (c) 1700AD (d)
2000 (Klein Goldewijk et al., 2011).
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Figure 6.8 Climacograms of cropland areas.

(a) (b) (c) (d) (e)
Figure 6.9. Evolution of London; historical data (a) 1AD; (b) 1500AD; (c) 1700AD; (d)
1850AD; (e)1900AD!.

I Data retrieved on 2022-02-17 https://www.theguardian.com/cities/2014/may/15/the-evolution-of-
london-the-citys-near-2000-year-history-mapped

I Source: https://www.theguardian.com/cities/2014/may/15/the-evolution-of-london-the-citys-near-
2000-year-history-mapped (accessed 17.2.2022)
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Figure 6.11 Rate of alteration of clustering through time of (a) cropland land historical data (b)
evolution of urbanization in London area.

(b)
Figure 6.12 (a) Europe and its night lights in (b) 1992, (c) 2002, (d) 2012.

Next, we explore spatial data pertaining to urbanization taking place in the past
century. The first information source examined is the spatial distribution of satellite night
lights. The night lights have been widely used as an index of the population and density of
settlements (Elvidge et al, 1997), economic activity (Chen and Nordhaus 2011),
consumption and distribution of electricity (Chand et al,. 2009), poverty and development
status (Elvidge et al., 2009), and human exposure to natural disasters such as floods
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(Ceola et al.,, 2014). An example showing satellite images from city lights in Europe is
shown in Figure 6.12 Figure 6.12 (a) Europe and its night lights in (b) 1992, (c) 2002,
(d) 2012.while their respective climacograms are shown in Figure 6.13.

Clustering is also useful in human societies as clustering of humans created what we
now know as civilization. In order to support the modern way of living, growth is based
on economies of scale (Koutsoyiannis, 2011). We can notice this in infrastructures, in
cities, in production of goods, even in natural resources. As was argued by Sargentis et al.,
(Sargentis et al, 2020), economies of scale require clustering and societies are
interconnected with the evolution of clustering. An example of the clustering of Europe
cities and the relation to growth is given in Figure 6.14 evaluating the clustering of night
lights which have been widely used as an index several social issues. The example depicts
that even the population in Europe was almost stable in the period 1990-2020, the
increasing of clustering of the cities of Europe, meant also the increasing of Gross
Domestic Product (GDP) per capita (Figure 10).
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Figure 6.13 Climacograms of the images of night lights of Europe.
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Figure 6.14 Europe: population; GDP per capita; and climacogram integral of Europe’s night
lights.

The second information source examined is the spatial dataset on land uses. Large-
scale geospatial data, including land-cover types, are obtained from the Historical



85

Database of the Global Environment, HYDE 3.1 (Klein Goldewijk et al., 2011), of the
National Centers for Environmental Information, National Oceanic and Atmospheric
Administration, NOAA. HYDE datasets are based on Food and Agriculture Organization of
the United Nations agricultural statistics and land use! (FAOSTAT) over the period 1960
- 2010, a variety of other historical information prior to 1960, datasets for wood harvest
by FAO and urban land extent in combination with assumptions of other land cover
change (e.g., forest areas, which are estimated by MODIS equipped satellites). This dataset
is chosen because it contains valuable temporal information on urbanization.

The land cover dataset is provided in form of NetCDF files at a spatial resolution of
0.5x0.5 degrees of latitude and longitude. Therefore, the size of each grid cell expands
from 1.3475x107 m2 to 3.088224x10° m2. In addition, land cover geospatial data are
provided at annual time resolution using the WGS84 reference coordinate system. The
longest record spans the years 1770-2010, but our studied period spans from 1900 to
2010. Land cover annual maps report the percentage of grid cell area belonging to each of
28 land cover types, from which we focus on the urban land cover type. An example
showing the extension of urban land cover in Europe is shown in Figure 6.15, while their
respective climacograms are shown in Figure 6.16.

(a) (b) (c) (d) (e)

Figure 6.15 Europe in Mercator projection of urbanization in (a) 1900; (b) 1930; (c) 1960; (d)
1990; (e) 2010.
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Figure 6.16 Climacograms of urbanization’s clustering in Europe.

I Available online: FAO https://www.U.org/faostat/en/#data/RL (accessed 2.3.2022)
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All studied images along with the complete climacogram analysis for Europe, Asia,
America and the globe is presented in Appendix: Chapter 2 and summarized in Figure
6.17.
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Figure 6.17 Temporal evolution of urban clustering from evaluation of (a) city lights and (b)
urban land cover percentages.

The temporal evolution of human social clustering from both information sources is
presented in Figure 6.17. Overall the analyses support the case for increased human
social clustering during the 20t century in all three continents, i.e., Asia, Europe and
America. A few differences arise from the comparison of the period that the information
sources overlap, i.e., from the 1992 to 2010. Namely, although urbanization appears
increasing in terms of land use in America, this trend is not confirmed by the evaluation
of night lights for the same period, which appear slightly decreased. On the contrary, the
night lights in Europe have majorly increased during this period, despite the relative
stability in the urban land use cover.
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Figure 6.18 Satellite night lights of Syria ! (a) 2012; (b) 2014; (c) Rate of alteration of clustering
before and after war.
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I Data retrieved on 2022-02-17 by
https://www.nytimes.com/interactive/2015/03/12/world/middleeast/syria-civil-war-after-four-years-
map.html?mc_cid=bbef5eadb7&mc_eid=236cd449ae&_r=0
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These differences indicate the virtue of considering both information sources, as night
lights appear to be a better index of population density whereas the land use cover is more
reflective of the spatial expansion of urban land uses.

From this point of view, it appears that urban expansion has been more prominent in
America, whereas Europe has experienced increased population density. Last, Asia shows
consistent increases in both information sources over the last decades.

Note that threats as war and natural disaster demolish clustering of human social
structures Figure 6.18.

An example of clustering effect is the development of the large-scale infrastructures for
the exploitation of natural resources (Sargentis, 2019). A special case are hydroelectric
projects which have a completely different way of construction and operating philosophy,
depending on their size. In order to compare the advantages and disadvantages of small
hydroelectric projects in relation to large ones, Bairaktaris (Bairaktaris, 2020) examined
the wider area of the Achelous River basin, where the largest hydroelectric plant of
Greece, Kremasta dam, is being "replaced" with as many Small Hydroelectric Plants
(SHPPs) as needed in order to achieve an equivalent installed capacity.

Due to the large number of required stations, a standard design method was developed
for their design, aiming to produce the most accurate energy and economic results
possible for each of the installation sites. Through this and in the context of the proposed
delustering of the region, 37 small stations are planned on the bed of the Achelous River,
and its tributaries Agrafiotis and Tavropos. Thus, it becomes possible to compare the
energy and the techno-economic current status of Kremasta with the hypothetical scheme
of the 37 SHPPs.

Kremasta's construction cost, has been reported by the construction company!
84 781 000 US1974$ (381 937 825 € after adaption in current prices). The total cost of
37 SHPPs is estimated 446 995 079 €. With the same installed power, theoretically SHPP
project can produce 60% more energy (Figure 6.19a). However, Figure 6.19b shows that
the system of SHPPs does not provide guaranteed amount of energy, in contrast to
Kremasta that catches the target of 59.9 GWh/month at 100% of the time. Also, through
the large-capacity of reservoir’'s Kremasta, production of energy is delayed from the
physical inputs and covers the power peaks of interconnected electrical networks.
Evaluating the clustering of natural resources (in this case the water basins) of Figure
6.20 with stochastic method, in Figure 6.21 we note the increase of clustering.

I ECI-Engineering Consultants INC. Kremasta Project Report, Technical Report prepared for Public Power
Corporation (AEH). 1974.
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Figure 6.19 (a) Comparative diagram of annual profit from the sale of energy; (b) Monthly
energy-probability curve of Kremasta compared to the SHPPs (source: Bairaktaris, 2020).

Figure 6.20 Addition of SHPPs and the evolution of water basin (source: Bairaktaris, 2020).
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Figure 6.21 (a) The water basin of Kremasta; (b) Rate of the evolution of clustering of the basins
with the addition of SHPPs, water basin clustering of Kremasta (blue dashed) (source: Bairaktaris,
2020).

More detailed data analysis of this section is presented in Appendix: Chapter 2

6.3 Athens water supply system

Organized societies require robust infrastructures, among which hydraulic projects, such
as water supply and drainage systems, are most important. Because of its long history,
Athens offers a useful study case in this respect. Due to its dry climate, it has suffered from
water insufficiency and had to develop technology to deal with this problem since ancient
times. During its history, the periods of social and cultural progress have been associated
with successful management of water-related problems. The current water supply system
is highly sophisticated and reliable and is a result of decision making based on social,
technical and economic criteria, over time. Here we study the development of the Athens
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water supply system from the beginning of the previous century and we present historical
information for the capital intensity of the implementation of various phases of the
modern water supply system, as well as the price of water and the cost of large
infrastructure of hydraulic works. To this aim, a systematic investigation had to be carried
out to convert past prices and costs to their equivalents today, along with an assessment
of the exploitation of natural resources with the specific hydraulic projects.

To evaluate the water supply system, the cost of constructing smaller reservoirs in
Greece was correlated to the cost of the existing reservoirs, which feed the water supply
system. To this aim, an economic model was developed to simulate the price of water and
the cost of water storage with the size of reservoirs.

The findings of this study explain that if the people of Athens had chosen the
construction of smaller reservoirs instead of the existing large-ones, the price of water
and therefore the cost of living in Athens, would be significantly larger. We also observe
that changing the scale of water infrastructures does not deviate from the so-called “0.6
rule” (Koutsoyiannis, 1979) which quantifies the relationship of project scale and its cost
(see details below). This result supports the utility of the so-called economies of scale in
the development of large cities and aims to contribute to the debate on the necessity of
large-scale water infrastructures.

Our analysis does not consider risk analysis methods. For the latest issues and
particularly the risk analysis methods of critical infrastructure as well as their
effectiveness for assessing services in utilities, the interested reader may consult
references (Pietrucha-Urbanik and Tchérzewska-Cieslak, 2018; Koutsoyiannis and
Mamassis, 2018).

It is obvious that the natural water resources of Attica are not sufficient for the water
needs of an ever-growing population and therefore resources that are far from the city
had to be conveyed to Athens.

A short summary of the history of the water supply system of Athens may be useful in
order to introduce the reader to the context of the study. The ancient system was in use
in the 20th century, after maintenance in the 19th century, while the history of the
modern system dates from the 1920s with the construction of large-scale infrastructure.
However, we were able to find data for the water costs from some years before, namely
from 1913 (view more in Appendix: Chapter1).

Digression 6.A: Analysing data for Athens water supply system

For the first step of the methodology:

(a) The social conditions of the 20th century, which explain the growth of population and the
development of the city.

(b) The water supply system and the related costs.

For the second step we analyse:

(c) Historical financial data, converting them to today’s equivalents.

(d) Other data related to water supply such as the average consumption per person per year, total
(cumulative) supply capacity of the system per person per year and supply to demand ratio.



90

Short history of Athens water
supply ~1000 years BC-1900 AD

~1915 without big
MENNS  infrastructures in water supply
system

Social conditions

Development of the
city

Development of the

1920 and after,

high population growth T — Mapping the

development of the city
and the water supply
system

Cost of water
1932 and after, big
infrastructures

Indicators: area of the
city, population, water

. - e consumption, water
Today: population 3.7 million s el

living in an area with an average infrastructure, area of
yearly rainfall of around 400 mm the adjacent basins and
with one of the biggest water their distance from
supply system in the world i

Financial historical data in today’s values

Evaluation of the Alternatives: Smaller reservoirs .
water supply system Cost of water

Models of the cost of water of small
reservoirs, related with the cost of
water of reservoirs of Athens

Figure 6.22 Illustration of the main points of the methodology.
Social conditions

It is estimated that Athens in 4th century BC had 160,000 inhabitants (Russel, 1958).
At the time of Handrian, in the 1st century AD, the population was estimated at 30,000
(Hansen, 2006). Ancient Athenians had developed particularly long aqueducts, for their
era, which are admirable both for their extent and durability, as some are still in
operation. Like their ancestors, modern Athenians are able to combine the convenient and
healthy way of living in a dry climate by using advanced technology to transfer water from
less dry areas. The difference however is in scale, as now they can transfer water in larger
quantities and across longer distances, from the wetter western part of Greece. The
aqueduct’s longest path from Evinos to Athens (Acharnae Water Treatment Plant) is
about 217 km (without counting the passage across the Mornos reservoir).

The great change in the scale of the city of Athens took place as soon as it was chosen
to become the capital of the new Greek state (Figure 6.22). The establishment of the
capital city caused a large influx of new residents. From around 12,000 in 1834, their
number doubled over the next decade (Biris, 1938; Mavrogonatou, 2012; Mavrogonatou,
2009). However, the prediction of 40,000 inhabitants by the architects who designed of
the new city (Kleanthis-Schaubert) did not happen before the 1860s and the “milestone”
of 100,000 inhabitants was not overtaken before the late 1880s.
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Figure 6.23 View of the city of Athens (a) painting by Richard Temple (1809-1810)! (b) view of
the city of Athens (2018).

The causes of this growth are related to the function of the city as an administrative
and not an industrial-productive centre. Piraeus was the industrial-productive centre
next to Athens and also an important harbour. The evolution of Athens in the 20th century
is connected to the history of modern Greece with its characteristic phases of mutation:
the Asia Minor Disaster (1922), the Second World War (1939-45) and the internal
immigration of the population after the civil war (1946-49), since the anonymity of the
big city helped conceal the political friction and the tragic incidents of the civil war.

During the 20th century Athens was developed as the centre of Greece (Figure 6.24),
generating ~20% of the GDP of Greece. Big capital investments were needed for the
construction of modern infrastructure (i.e. Athens is the only city in Greece with Metro
and more).

The development of the water supply of Athens

Athenians of the classical era were drinking water from wells, a few springs and from
the Peisistratian (Tassios, 2007) aqueduct which was built around 530 BC and is in
operation until present date. The longer Hadrianic aqueduct was built in 134 AD.

Until the beginning of the 20th century, the water supply of the city was from ancient
hydraulic works (Chiotis and Chioti, 2012), mostly the Hadrianic aqueduct, wells and
other small-scale hydraulic infrastructures. The price of water was determined on a
subjective basis and the management of the water was made with the criteria and
traditions of the Ottoman Empire (e.g., increased corruption meant that in many cases the
manager would alter prices according to relation with the customers, bribes etc.). It is also
estimated that, at the time, more than half of the income from water sales were lost
(Gawsmann, 1940).

As the city started to grow, the old system became inadequate and large hydraulic
projects had to be constructed. Figure 6.25 and Table 6.1 show the development of large
hydraulic works during the 20th century in Athens (Koutsoyiannis and Mamassis 2018;
Stergiouli and Hadjibiros, 2012; Patsis, 1924; Gausmann 1932).

I'Source: Hobhouse, J.C. A journey through Albania and other provinces of Turkey in Europe and Asia, to
Constantinople, during the years 1809 and 1810, Printed for ]. Cawthorn, London 1813.
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Attica is a dry area, with an average yearly rainfall of around 400 mm, so the city has
to supply water from basins whose distance from Athens continuously increased, ranging
from 25 to 180 km away. Today, the people of Athens, are living in an area of 462 km?,
and consume water resources from an area of 3 906 km2. The development of the city was
combined with the covering of its streams (Seretli, 2014).
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Figure 6.24 The urban development of Athens over the past 100 years.
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Figure 6.25 The development of the water supply system of Athens.

The inflows in Table 6.1 depend on the annual hydrological balance of the basins. In
surface works, inputs represent the mean inflow, while in groundwater projects the
pumping capacities. The system capacity is estimated by historical data in view of the
depletion conditions of each historical system configuration. The total capacity after the
construction of Evinos is estimated by simulations.

Data and examination periods

In the analysis that follows we examine the socio-economic conditions before
construction and after the construction of large-scale projects. Social, urban and technical
data were compiled from relevant studies and were further processed. Older
demographic, urban and technical data were easily accessed and compared to
contemporary data, but the same could not be said for the economic data. Since the value
of money is changing, in order to be able to assess economic data, a correlation of the
value of currencies in which the costs and prices were measured at the time to the present
currency had to be obtained.

The calculations were more and more difficult as we went back in time. Indeed, both
finding data on the price of water and hydraulic infrastructures and converting them to
current € becomes more difficult. From 1959 onwards, official data for the price of water
have been published, including the conversion of drachmas in current €. From 1922 to
1959, some satisfactory data can still be found but not always from official sources.
Finally, from 1910 to 1922 data were based on limited literature and the conversion of
drachmas to € was made using ad hoc approaches, as there was no relevant literature to
resolve this issue formally.
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It should be noted that the value of currencies, and money in general, depends on highly
complex parameters including social conditions, wars, financial changes, devaluations
and revaluations. The further we go back in time, the drachma conversion in current €
becomes more of a rough estimate than an accurate calculation. Appendix: Chapter 1
provides a description of the bibliographic data and financial methods used in each time
period based on data availability.

Digression 6.B: The evolution of the water supply system of Athens

Table 6.1 The big infrastructures of the water supply system of Athensl (Koutsoyiannis and Mamassis,
2018; Koutsoyiannis et al.,, 2002)

Time Infrastructures Basin area | Inflows Storage Total
km?2 hm3 capacity (cumulative)system
hm3 capacity, hm3/year
Water supply system
1900 Wells and 381 ~10 - ~10
Hadrianic
aqueduct
1932 Marathon 118 14 32 24
1953 Hylike 2467 295 585 244
1980 Mornos 588 235 630 300
1990 Boreholes - 55 - 326
2000 Evinos 352 278 112 513

Sewer system

1958 Main sewer of Athens (outflow in
Keratsini)

1980 Twinned Main sewer of Athens
(outflow in Keratsini)

Capacity 1 296 000 m3/d

Capacity 1 296 000 m3/d

1990 Parakephisios sewer of Athens
(outflow in Akrokeramo)

1994 Operation of phase A of
wastewater treatment in Psyttalia
2004 Operation of phase B of
wastewater treatment in Psyttalia

Capacity 1 728 000 m3/d

700 000 - 800 000 m3/d

Data processing and analysis

The analysis is focused on the system operation by defining its operational-economical
technical and social indicators. As the boundary conditions are changed over time, with
the construction of the new components of the infrastructures, we estimate the
operational variability from historical data (Raso et al., 2018).

Figure 6.26 shows the capital investments for the water supply system of Athens. It is
observed that if the same infrastructure were constructed today, the cost would be, as an
order of magnitude, 1000 €/person (3,263,000,000 €/3,700,000 inhabitants). If we
consider that a typical house for a family of four persons in Athens in 2018 costs about
100,000 € and that 5% of the cost is the plumbing infrastructure inside the house, the

I'EYDAP: Available online: https://www.eydap.gr/ (accessed on 30 January 2019).
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investment of the public hydraulic infrastructure represents a roughly equal amount of
private hydraulic investment and, with their sum representing about 10% of cost.

3500 €3263
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2500 €2221
2000 €1881
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€1042

Million of 2018 €
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€205 €205
€63 €142

€135
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O Investments of the past 20-year period B Cumulative investments up to indicated year

Figure 6.26 The capital investment of large water infrastructure! (supply, management and
treatment) (millions of 2018 €) (Hekimouglou, 2014; Savvides et al., 1988; Papadaki, 2011;
Stavrianakis, 2002; Sinos and Raftopoulos 1948; Makropoulos et al., 2010a; Makropoulos et al,,
2010b; Merkouris, 1913).
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Figure 6.27 The evolution of the population of Athens over the last 100 years, cost and price of
water of Athens and cost of pumping!! (Koutsoyiannis and Mamassis, 2018; Gawsmann 1940;
Makropoulos et al,, 2010; Cooley, 2016).

IEYDAP, ANNUAL FINANCIAL REPORT (newsleter) Period from January 1, 1999 to December 31, 19909.

EYDAP, ANNUAL FINANCIAL REPORT Period from January 1, 2017 to December 31, 2017 In accordance
with [FRS & Law 3556,/2007.
Technical Chamber, Mornos Folder, Newsletter, issue 1549, January 16, 1989.

Ministry of Governmental Policy of Greece, Public Relations Service, Five Years of Economic Progress, 1967-
1972, Athens 1972.

ITEYDAP, Historical water price lists, 2008.
ULEN, What Athens pays for water, 1940.
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Figure 6.27 shows the evolution of the population of Athens over the last 100 years
alongside with the cost and the price of water. The population of Athens comes from
census data. The water price and cost were converted to 2018 € as already described. To
determine the cost of water per m3 the capital recovery factor was based on an assumed
interest rate of 6%, which is the most typical assumption in similar cases (for example,
the Department of Water Resources of California (Cooley, 2016) uses this value to analyse
the benefits and costs of water projects).

The first dramatic drop in price from 1910 to 1935 (Figure 6.27) can mostly be
attributed to the construction of the first dam (Marathon) and the construction of the
water distribution network (started 1926). Price is also reduced in the period from 1930
onwards, at a much slower rate. In the period before the construction of the Mornos dam,
roughly from 1970 to 1980, the price was increased as a result of the unexpected high
cost of that dam. An increase of the water price also happened during the prolonged
drought of 1988-1995 to discourage water consumption, in a period of water scarcity for
Athens (Xenos et al., 2002).

Figure 6.28 shows the average water consumption per person and the total
(cumulative) capacity per person and is used as an indicator of the availability of water
and the correlation between the abundance of the resource and its consumption. The
supply-demand ratio, also plotted in the graph, is useful to evaluate these curves. As the
total capacity increases, so does the consumption of water. It is possible that the
abundance of the resource contributes to overconsumption alongside GDP increase and
technological development. Figure 6.28 also demonstrates why Mornos dam was
necessary due to the spectacular decrease of the supply-demand ratio between 1960-
1980 (before the construction of Mornos dam).

160 ‘ ‘ 10
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120 + Capacity —+— '

100 <
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Supply-demand ratio
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Total (cumulative) system capacity and
consumption
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Figure 6.28 (a) Average consumption per person per year and total (cumulative) supply capacity
of the system per person per year (data from: Koutsoyiannis and Mamassis, 2018). (b) Supply to
demand ratio.

Observing Figure 6.28, it can be noted that before 1955 people in Athens lived with
less than 20 m3/year (55 L/d); the life style leading to that low consumption is described
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in historical documents (Gausmann, 1932; Hekimouglu, 2014). Thereafter, water
consumption increased substantially but once again during the period of the seven-year
drought (1988-1995), it dropped as a result of the demand management measures,
including engagement of people, increasing-block tariffs and penalization of some water
uses (Xenos et al., 2002). The entire campaign was very successful and despite the long
duration and the severity of the drought there was no system failure.

Figure 6.29 shows the coevolution in time of the distance of the reservoirs with their
supply. The increased distance arguably limited the effect of economies of scale, which if
distances were shorter would have been expected to be even more noticeable.

Figure 6.30 shows that the area of the city has grown about 10 times in 100 years and
the area of the catchments utilized for water supply has increased accordingly. It is
interesting that this trend is almost linear even though the conditions (i.e., consumption
per person) are changing
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Figure 6.29 he coevolution of the distance of reservoirs from Athens with the water system
supply (data from: Koutsoyiannis, 2006).
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Figure 6.30 The coevolution of the area of the city of Athens with the surface of the catchments
that supply water to the city (data from: Koutsoyiannis and Mamassis, 2018; Avelidi, 2010).
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The management of the water resources

The construction of the system of reservoirs and aqueducts of Athens has been
combined with the development of a sophisticated methodology for its management
(Koutsoyiannis and Mamassis, 2018; Koutsoyiannis and Economou, 2003, Efstratiadis et
al,, 2004). The highlights of the methodology are:

(a) Stochastic modeling of natural processes rather than invoking fictitious outputs of
climatic models for future scenarios. In particular, a prominent characteristic that had
to be modelled was the drought persistence, which stochastically can be captured by
the Hurst-Kolmogorov dynamics (Efstratiadis et al, 2004). The software system
developed for this purpose is named Castalia (Efstratiadis et al., 2014) and can
perform either in continuous simulation mode or in forecast mode. The theoretical
background of the methodology can be found in Refs. (Koutsoyiannis, 2000;
Koutsoyiannis 2016).

(b) Real optimization of the hydrosystem’s performance. In contrast to the traditional
techniques based on deterministic optimization (e.g., linear programing) or simplified
stochastic methods (e.g., stochastic dynamic programming), for the management of
the Athens water supply system a sophisticated stochastic optimization methodology
was developed. This combines system parameterization through parameterizing the
system’s operation rules, stochastic simulation and optimization of the parametric
rules. This methodology is thus known as parameterization-simulation-optimization
(Koutsoyiannis and Economou, 2003).

(c) Water demand management. Applying this methodology, the system was able to cope,
effectively and without failure, with the extreme seven-year drought of 1988-1995,
while other cities with similar or milder problems may have used inefficient
methodologies.

Cost vs scale

Itis interesting to compare the large-scale works of Athens with alternative small-scale
works, to investigate the differences in economic indexes, had the Athenians chosen
smaller projects. To this aim we used data from the “Geographical database of small
reservoirs in Greece” (Euthimiou and Theodoropoulos, 1997) and constructed the plots
shown in Figure 6.31 in terms of cost versus reservoir size (measured by the reservoir
storage capacity). In Figure 6.31a the cost is the total budget for the reservoir
construction per m3 of reservoir storage while in Figure 6.31b the cost is the annual
capital recovery (assuming an interest of 6%) per m3 of water withdrawn from the
reservoir. Hylike, which is part of the water supply system of Athens, was not included
because it is a natural lake from which water is pumped.

We additionally observe (see caption of Figure 6.31) that in both cases the cost is
inversely proportional to the square root of storage. Therefore, if the water supply system
of Athens was designed with smaller reservoirs by one order of magnitude, the cost would
be more than three times larger, both in terms of total budget and per m3 of water. In case
it was designed with even smaller reservoirs, say 1 hm3, the cost of infrastructure would
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be 22.5 €/m3 of storage, instead of 1.29 €/m3 and the cost of the water would be about
1.41 €/m3, instead of 0.19 €/m3.

Changing the scale of water infrastructures does not deviate substantially from the so-
called “0.6 rule” (Koutsoyiannis, 1979; Tribe, 1986). The “0.6 rule” states that the increase
in cost and the increase in capacity, raised to the power 0.6, are inversely proportional.
The definition of the rule (Haldi, 1961), was based on a wide range of equipment types
and 87% of estimated exponents were found to fall in the range 0.3 to 0.9. It is interesting
that the rule is verified also in water infrastructures of Athens.
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Figure 6.31 The cost of water of small reservoirs, related with the cost of water of reservoirs of
Athens (a) estimated by the cost of infrastructures (b) estimated with capital recovery factor 6%
(data from (Euthimiou and Theodoropoulos, 1997)). The models, fitted by least squares, are y =
13.95 x-05 for (a) and y = 8.9 x-05 for (b).

Figure 6.31 demonstrates that the development of the water supply system of Athens
was successful in taking advantage of the economies of scale to achieve a stable price of
water as well as a consistent supply to meet the water demand. Arguably, if Athenians had
chosen a smaller scale of reservoirs the cost of living in Athens would be significantly
increased. At the moment and given the existing hydraulic infrastructure, with adequate
future planning, the water supply system of Athens can even expand to provide water to
other smaller cities close to Athens, such as Korinthos. Thus, water management is
necessary to implement economies of scale for the development of the city. In this respect,
from economic viewpoint, it is preferable for other cities close to Athens to use the Athens
water supply system than to develop independent water supply systems.

It is interesting to note that the system development had also considered several
alternatives in different period. For example, in the beginning of the development the
alternative scenario of conveying water from the Stymphalian lake, Peloponnesus, was
studied (Merkouris, 1913). The cost of the related infrastructures would be almost the
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same as the cost of the Marathon project. However, if this alternative was chosen, with an
aqueduct in a Peloponnesus the system expansion would be difficult or even impossible.

Discussion

Despite agglomeration effects that relate to size, there is a strong suspicion that the
best places to locate new growth are in smaller rather than larger cities, reflecting the
trade-off between economies of scale and congestion, which both increase as cities get
bigger. The implications are controversial. The age-old question of what the “optimal” size
for a city is has ever been and still is open. Athens is an example of big scale city as it
generates ~20% of the GDP of Greece but the area of water resources for the supply
system is about 3% of Greece.

In view of the increase of population in the 20th century and its relationship to water
supply, relevant questions are: Was this migration of citizens justified? Could the people
have chosen an area of Greece with more abundant water resources instead of living in
the relatively arid area of Athens? The cost to construct the water infrastructure for
Athens to host such a large population was certainly higher than in other cities which
were closer to water sources, but obviously that was not a concern of people. Most
probably, they did not ever worry about it and claimed “the right to the city” without
anxiety about water availability and technical difficulties of the water supply system.

6.4 Wildfires: Partitioning and protection

Partitioning of the forests

Partitioning of the forests is not a novel idea. For example, anti-fire zones share the
same logic but it can be argued that in practice they have often been found to have limited
effectiveness in the evolution of firel. Several studies propose the facing of fires, based on
prevention measures focusing on land uses (Xanthopoulos et al.,, 2020; Ribeiro et al,,
2020; Arianoutsou, 2007; Mermoz et al., 2014; Syphard et al., 2014), and alternative
forests mitigation measures. Bajocco and Ricotta (2008) note:

For most land-cover classes, fire does not occur as expected from a random null model;
rather, it behaves selectively, showing marked preference (or avoidance) in terms of fire
number and fire size.

Moreira et al. (2011) note:

From a management perspective, land cover (related to vegetation structure and fuel
loads) is the only landscape variable influencing fire behaviour that can be manipulated.
Mapping the evolution of fire in the case-study of the fire in Euboea in August 2021, we
investigate the role of clustering of the forest in the evolution of fire, and the role of
partitioning as one of the fundamental mechanisms that could have stopped the disaster.
In order to keep the memory active when forests will be again in danger (on average after

I Beighley, M.; Hyde A. C. Portugal Wildfire Management in a New Era. Assessing Fire Risks, Resources and
Reforms. Available online: https://www.isa.ulisboa.pt/files/cef/pub/articles/2018-
04/2018_Portugal_Wildfire_Management_in_a_New_Era_Engish.pdf (Accessed 17 January 2022)
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10-20 years), a new approach is proposed, based on the dependence of fires’ evolution to
the clustering of the forests.

According to that, the aim of the proposed methodology is to ensure the preservation
of forest partitioning by the creation of Sustainable Clustered Forest Zones (SCFZ). SCFZ
will be linear or circled zones at least 500 m thick, aiming to support multi-purpose
utilities, mainly focused around the WEF nexus. Considering the scale of disaster such as
that of the examined Euboea wildfire which will be described analytically as a case study
in the next section, it is reasonable to consider the loss of a small part of the forest in order
to safeguard a much larger area. The target of the SCFZ is the creation of Sustainable
Islands (Sal), which are defined as forest areas isolated by nonflammable land. SCFZ could
act as protection against larger and more uneven disasters. An example of the forest
partitioning is given in Figure 6.32 for the north part of the forests of Euboea Island.

The difference of SCFZ to classic anti-fire zones is, other than their size, the fact that
they are attributed with new land uses, which will promote the maintenance of these area
in synergy with local communities. It is possible that SCFZ could be perceived negatively
by inhabitants and visitors as development works in forest areas are considered as a
threat to wildlife and to scientific fields of landscapes (Sargentis et al., 2019; loannidis et
al,, 2022; Ioannidis and Koutsoyiannis 2020).

However, in the way the modern societies are formed in order to protect valuable
resources all of these parameters have to be considered.

Greek philosopher Castoriadis (2001) noted that: “Humans develop ecological
consciousness when they confront the waste they produce.”

By analogy to the case of wildfires, the burnt areas can be considered as the “waste”
from the uncontrollable evolution of fires, while the ecological consciousness is the
realization of the need to protect forest, even if the required measures require funds or
transformations of forests shape which might be perceived negatively.
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Figure 6.32 In the left, the clustering of the forests before the fire, in the right, a theoretical
partitioning of the forest with SCFZ.
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Usually, it is the tendency of governmental bodies to neglect anti-fire zones when the
threat of fire is forgotten. Therefore, it is argued that in order to actually maintain and
embrace these zones there must be a motivation for the community. We have seen in
wildfires that one of the most effective motives for protection is to preserve property and
utility. Therefore, SCFZ could replace the classic anti-fire zone as a slice of land with
motives for exploitation by local communities.

The fire in Euboea in August 2021

Burnet area in
the island of Evia 2021

Google Earth

Figure 6.33 Burnt area in the island of Euboea 2021
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Figure 6.34 Frontpages of big international newspapers in 9 August 2021 had the theme of the
Euboea’s fire including the photo by Konstantinos Tsakalidis with 81 old women escaping from
her burnt house in the area Gouves Euboeall.

The fire in the island of Euboea in August 2021 burnt 52 900 ha (Figure 6.33) including
areas recognized as landscapes of high quality and biotopes characterized by Natura and

I Google Earth Pro, Version 7.3.3.7786, Map publisher NOAA, U.S. Navy, NGA, GEBCO, June 2021,

' 9 August 2021. Frontpages of the bigest newspaper of the world. Available online:
https://www.marieclaire.gr/art-lifestyle/body-mind /newsroom/h-kravgi-tis-81chronis-giagias-stin-
evvia-protoselido-stis-megaliteres-efimerides-tou-kosmou/ (Accessed 15 Oktober 2021)
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Corinel. Interestingly, recent related studies! did not take into consideration that the
landscapes were in danger but rather considered the urbanization and the development

as possible threats. ‘
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Figure 6.35 Frontpage of the newspaper «TA NEA», (a) 26.8.1977, (b) 27.8.2007, (c) 7.8.202111,

This event was covered by the largest media organizations worldwide (Figure 6.34).
Even though, the Euboea 2021 fire was highlighted as extreme, it is interesting to note
that there were smaller but similar events in the area (in the same order of magnitude, i.e.
more than 20 000 ha) in 1977 and 2007 (Figure 6.35).

We would expect that people should learn from the past. However, this did not happen,
neither proper infrastructure was made and in addition, neither the firefighters had
proper equipment to control the fire.

Annually burnt areas in Euboea is on average ~6 per cent of the burnt areas in Greece.
The importance of the 2021 event is that burnt area in Euboea was 47 per cent of the
burnt areas in Greece, while also in 2021, the 3 record of burnt areas occurred (2000—
2021) (Figure 6.36)

During 2007 only small scale/intensity fires occurred in the island of Euboea before
the large scale-high intensity fire of 2021. Herein, this event was an expected outcome
given the long time-accumulation of fuels in the forest.

Figure 6.37 summarize the evolution of fire in Euboea 3—11 August 2021.

I Filotis. Data base for Hellenic nature (®Aotng. Bdon AeSopévwv yioe tnv EAAnvikr} ®0on) Available online:
https:/ /filotis.itia.ntua.gr/biotopes/(Accessed 5 February 2022)

II' Mamatsi, Ch. Evaluation, review and specific aspects of the Regional Spatial Planning and Sustainable
Development of the Region of Central Greece, Lanscape (AfoAdynomn, avabewpnon kat e&eldikevon
TLILX.Z.A.A. Tlepupépelag EZtepeds EAAGSag, Totio) Helenic Republic, Ministry of Environment and Climate
Change, Department of Spatial Planning (EAAnvikny Anpoxpatia YIIEKA, A/von Xwpotaéiag), February
2014. Available online: https://dimoslevadeon.gr/wp-content/uploads/2015/07/2-topio.pdf (Accessed 5
February 2022)

I Historical digital record of newspapers “TOVIMA” & “TANEA” «TOBHMA» & «TANEA» (in Greek)
http://premiumarchives.alteregomedia.org/ (Accessed 15 Oktober 2021)
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Figure 6.36 The evolution of wildfires in Greece and Euboea (2000-2021)".

Figure 6.38, Figure 6.39, Figure 6.40, shows temperature and wind, both
meteorological parameters, (adapted graphically by https://www.meteoblue.com/ ') and
significantly contribute to the fire in Euboea (Figure 6.41) between 2-12 August 2021.
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7.8.2021 8.8.2021 9.8.2021 10.8.2021 11.8.2021

Figure 6.37 The total area of the fire was adapted by Firehub!!! (Kontoes et al., 2013). The
evolution of the fire, adapted graphically in Google Earth by satellite imaginary!V, calibrated by the
reports of: 112 Emergency Communications ServiceV.

I' Data retrieved on 2022-01-17 by Hellenic Fire Service database. Available online:
https://www.fireservice.gr/el_GR/synola-dedomenon (Accessed 17 January 2022)

II' Meteorological data. Available online: https://www.meteoblue.com/ (Accessed 15 Oktober 2021)

Il Firehub. Available online: http://ocean.space.noa.gr/diachronic_bsm/ (Accessed 15 Oktober 2021)
IVEUMETSAT, NASA/NOAA/GSFC/EOSDIS, Suomi-NPPVIRS, NWS/GFS, FIRMS. Available online:
https://zoom.earth/ (Accessed 15 Oktober 2021)

NASA WORLDVIEW, Available online: https://worldview.earthdata.nasa.gov/ (Accessed 15 Oktober 2021)

V112 Emergency Communications Service: 112 Greece. Available online: https://twitter.com/112Greece
(Accessed 15 Oktober 2021)
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Figure 6.38 Temperature and wind speed in the area of Euboeal.
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Figure 6.39 Wind direction (blowing to); 0, 360 North, 270 West, 180 South, 90 East!L.

I'Source: https://www.meteoblue.com/

' Source: https://www.meteoblue.com/
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Figure 6.40 Windrose diagram. Euboea 3-11 August 2021. Wind direction (blowing to)’.

(a) (b) (c)
Figure 6.41 Fire in Euboea: 6.8.2021.

The firstissue to be examined in fires’ triangle is temperature; we can notice that in the
beginning of the fire, high values of air temperature were observed. Data from previous
days also show high values of daily temperatures.

I'Source: https://www.meteoblue.com/.

Image created by WRPLOT View Lakes Software, WRPLOT VIEW software VERSION 8.0.2, Available online:
https://www.weblakes.com/software/freeware/wrplot-view/ (Accessed 2 February 2022)
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The second issue in fires’ triangle is oxygen rate, which can be increased and renewed
with the speed of the wind. In this fire we did not find a correlation between the evolution
of the fire, and the speed or the direction of the wind.

The third issue in fires’ triangle is fuels. With digital processing of satellite images, we
present the clustering of the pine trees of the wider area. The fuels in this wildfire are pine
trees, and in Figure 6.42 we show the evolution of fire between 3st—11th August.

Before the fire, the forests in the north Euboea were partly cultivated. As the last big
fire happened more than 20 years ago, under the pine trees the forest had herb and shrub
layers under the pine trees which helped the evolution of the fire. Fortunately, there were
not litters spread in the area. However, there were secluded places with litters which were
burned. In addition, a cold wave named Medea happened between 13—16 February
2021, many branches and trees were broken, no one took care to pick them up!!. This
flammable material dried up in the summer and was a supplementary layer that favored
the spread of the fire.

A closer look at the fire, shows that fire is driven where the pine trees were clustered.
Herein we can assume that forests’ clustering was the most important issue for the
evolution of this fire.

The fire had a partitioned zone of forest in its south part, therefore in first three days,
fire burned mostly the northern, western and eastern areas. In the 6t of August, fire was
driven by two clustered forest areas in east-south and in west-south part of the fires’ front
and connected to the south clustering. The leak of this cost ~8 000 ha burnt areas more.

5.8.2021

7.8.2021 8.8.2021 9.8.2021 10.8.2021 11.8.2021

Figure 6.42 The evolution of fire, related to forests’ clustering, calibrated by the reports of: 112
Emergency Communications Service.

I February 2021 Greek cold wave. Available online:
https://en.wikipedia.org/wiki/February_2021_Greek_cold_wave (Accessed 2 February 2021)

I Aspects of the cold wave Medea in north Euboea. Available online:
https://www.egnomi.gr/article/124067 /ritinokalliergites_boreiokentrikis_eyboias_toys_afanise_mideia.h
tml (Accessed 2 February 2021)
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Figure 6.43 The intensity of fire as detected by satellite imaginary (EUMETSAT, WORLDVIEW)
calibrated by the reports of: 112 Emergency Communications Service (112 Em. Com. S.).
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Figure 6.44 Evolution of clustering of fire front, thermal detection and daily burnt area.

Analyzing the daily evolution of clustering of the fire front (Figure 6.42) and the
evolution of clustering of thermal detection by the satellite imaginary (Figure 6.43), we
see that both are related to the evolution of fires and the burnt area. This is also verified
by the estimated correlation through the climacogram integral (Figure 6.44).

The climacogram integral also validates the clustering of fire and the daily burnt areas.
Figure 6.45, Figure 6.46, shows burnt areas in the fire incident. The evolution of fire was
also supported by the intense anaglyph of the area.

The linear flatland of Krya Vrisi, cuts the island of Euboea and contributed to containing
the fire and restricted the evolution of the front of the fire (Figure 6.47, Figure 6.48).
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(b)

Figure 6.45 (a) Burnt area; (b) Burnt areas with anti-fire zones.

(b)

Figure 6.46 (a) Not burnt areas in the middle, forest without connection with the rest forest area
(SD); (b) Burnt areas. In back, the flat land of Krya Vrisi which stopped the fire.

Figure 6.47 (a) The flatland of Krya Vrisi (b) The flatland of Krya Vrisi during the fire (c) The
flatland of Krya Vrisi after the fire.
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¥

Google Earth

Figure 6.48 The flatland of Krya Vrisi (center of the figure). The area of the fire (left), forests
unattached by the fire (right).

Before the fire, about 580 families in North Euboea exploited the forest collecting resin
(Figure 6.49a) and about 80 families were working in logging. Others were beekeepers
or had olive trees. It is estimated that 50% of the Greek production of resin (3000 tons
per year) and 65% (10 000 tons per year) of the Greek production of pine trees’ honey
has been lost. In addition, 9 000 beehives (Figure 6.49b) destroyed or suffered severe
damage'.

Examining the livestock and the beehives of the area (Figure 6.50) we see that about
88% of these activities rely on the forest. Even the coops were out of villages, inside the
forest, and many of them were burnt.

It is clear that the forest constitutes wealth for the local community and hence its
destruction is an economic disaster for the community, even for inhabitants whose
properties were not affected by the fire.

After the wildfire of 2021, the Greek state introduced a new law to indemnify the lost
properties of inhabitants!l. Unfortunately, this law does not answer the question: Can
people recover the sustainable wealth, which they have lost?

I'vangelis Georgantzis, personal comunication 31.10.2021

The invisible victims of the fires - 9000 beehives and tons of honey were lost. Available online:
https://www.meteo24news.gr/2021/08/Ta-afani-thimata-ton-pirkagion-xathikan-enia-xiliades-
melisosmini-ke-toni-meliou.html (Accessed 15 Oktober 2021)

Euboea: 9,000 beehives and 65% of the pine honey were lost! Available online:
https://www.naftemporiki.gr/story/1765769/ (Accessed 15 Oktober 2021)

We lose up to 10,000 tons of pine honey a year due to fires. Available online:
https://www.iefimerida.gr/ellada/hanoyme-10000-tonoys-peykomelo-logo-pyrkagion  (Accessed 15
Oktober 2021)

I Low 4824/2021. Available online: https://dasarxeio.com/wp-
content/uploads/2021/09/n_4824_2021.pdf (accessed on 27 June 2021).
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As people have now lost the forest area they used to cultivate, collect resign or logging
after this catastrophe, our purpose is to give SCFZ to people to promote a sustainable
development, which could be supported through the WEF nexus (Mamassis et al., 2020).
Products or commodities provided by these forests constitute only a part of their value
for local communities. There are more than those products in benefit of people, i.e.
environmental services (clean water, air, recreation, habitat conservation, etc.) that
should be considered in any forest conservation strategy. Moreover, local communities
must be aware of these services and value them as incentives for forest conservation.

(b)

Figure 6.49 (a) Collection of resin; (b) Beehives.

Livestock could accelerate the recovery process. However, the Greek state protects the
environment according to the Greek Constitution! (articles 24, 117) and livestock is
considered as a threat to the forests. The Greek state forbids livestock in burnt areas
according to the legislative decree of 86/1969" (articles 66, 105, 107, 113, 114), which
are replaced by the article 60 of the Law 4264 /2014 that mentions:

An order forbidden grazing, issued ex officio by the forest service, prohibits the grazing of

any animal in an area that has been declared reforestable.

In other words, inhabitants which were fortunate that their livestock survived this fire,
instead of grazing their livestock, will probably be forced to increase cost for animal
feeding, since their livestock cannot be moved to the burnt area, or they will face a penalty
that depends entirely on the chief of the local forest service. Therefore, inhabitants must
quit feeding their livestock in the burnt area as, if they have to pay the feed, this activity
will be damaging.

IGreek Constitution. Available online: https://www.hellenicparliament.gr/Vouli-ton-Ellinon/To-
Politevma/Syntagma/ (Accessed 15 Oktober 2021)
lForest management. Legislative decree 86/1969. Available online:

http://www.fdparnonas.gr/files/ND86_69.pdf (Accessed 15 Oktober 2021)

L aw 4264/2014. Available online:

https://www.kodiko.gr/nomologia/download_fek?f=fek/2014/a/fek_a_118_2014.pdf&t=e518855486f0a
a6e8d244d08a282e55f (Accessed 15 Oktober 2021)
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Figure 6.50 The livestock and the beehives of the municipalities “Istiaia-Edipsos”, “Mandoudi-
Agia Anna-Limni” by the census 2019

Therefore, we give an example of SCFZ that were designed following the faint clustering
of the forests in wider area of North Euboea. The partitioning is presented assuming that
the forest is exploited, cultivated and livestock is grazing (Figure 6.32). The fire-breaks
as strips of land that has been cleared of all trees, (usually linear and small), are areas
which can stop fire without human intervention only 46% of the time (Chandler et al.,
1983). However, these strips are prone to erosion and are not cost effective because they
need to be cleared at least once a year and at last, these zones are aesthetically unpleasant.

Obviously, the partitioning process will be annoying as the natural forests are pristine
and highly-perceived landscapes. However, we have to consider that in many cases the
alternative is that the forest could be completely burned, and then require as long as 20
or 30 years for its rebirth. We should thus consider whether certain but small-scale
impacts to forests may be preferable over a potential but large-scale disaster. It should
also be taken into account that the societies developed around forests, exploit them and
take advantage of their natural resources. Thus, a large-scale destruction of the forest can
be catastrophic and can even lead to the collapse of such communities. Therefore, we have
to consider more how to support the inhabitants and less rarely enjoy the landscape of
the forest every 30-40 years. Also, we have to consider that the society will grow along
with the forest, but with a high risk of destruction.

Another question we have to ask is: how in Krya Vrisi, this partitioning zone area which
stopped the fire, was created?

A part of the land of Krya Vrisi was property of big landowners and another it was
unexploited (forests, swamps) until the early 20t century. This land was given to
immigrants who came in Greece (Mousourakis et al, 2020) from the Asia Minor
catastrophe in 1922 to cultivate it (Apostolou, 2007) (Figure 6.51).

I'Hellenic Statistical Authority, Livestock production in Euboea, Census 2019.
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This area is an example on how, 100 years before, the Greek state, without the slightest
guilt about deforestation, gave people wealth (land) to survive, which was also used for
protection of the forest.

—

(a) (b)

Figure 6.51 Property documents dated from 1957, referred to the law 5151/1931 which
redistribute the land to the immigrants from the Asia Minor catastrophel.

Chapter 7. Environmental determinism vs. social dynamics

Hypotheses of social collapses typically constitute scenarios about the environmental and
societal conditions. The researcher’s imagination is the main tool to explain the process
of the collapse. For these reasons, theories of social collapse have an intuitive charm but
ambiguous significancell. But are the hypotheses of the conditions close to reality? Would
people in the past react as a modern researcher thinks they would do?

Ancient Greek philosopher Plato in his emblematic book Republic concludes that
societies are like living creatures and their existence predict also their death: Quoting
from the original text!ll: “...dAA" émel yevousvw mavti Bopda éotiv, 008 1) Tolav Ty ovoTAOLS
TOV amavta UEVEL xpovov, aAda AvBroetal.” (...but, seeing that everything which has been
born has also an end, even a constitution such as yours will not last for ever, but will in time
be dissolved)VV. Plato describes social organization, justice and culture as main issues for
thriving societies.

I Redistributed land. Property documents of Eleni Kougia’s great grandmother

Il The Collapse of Ancient States and Civilizations, Edited by Norman Yoffee and George L. Cowgill, The
University of Arizona Press, U.S. 1991.

Il Pplato (MAdtwv), Republic (MoArteia) , 546a-547d Available online: https://www.greek-
language.gr/digitalResources/ancient_greek/library/browse.html?text_id=111&page=106 (accessed 6
November 2021).

IV Plato, Republic. Princeton University Press, Prinston 1961.
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Many scientists consider that physical environment predisposes societies and states

towards particular development trajectories. These aspects have been formulated in a
school named as environmental determinism (Meyer, 2020).
Environmental determinism is not a new idea. It was introduced by Thomas Robert
Malthus (1766-1834) in 1798 (Malthus, 1978). It was used to justify colonization
(Gallaher et al., 2009; Reaves and Gibson, 2013; Cottenet, 2014), fascism! and Lamarckism
(Szyf, 2014; Campell, 1983) describing how tropical climates encouraged generally
degenerative societies, while the frequent variability in the weather of the middle and
northern latitudes led to stronger work ethics and civilized societies. Environmental
determinism was recovered by Eugenicists and Neo-Malthusians in the 1950s in the
notion of “Carrying Capacity”!! (Sayre, 2008; Wood, 1998; Abel, 2013; Catton, 1982;
Kammen et al.,, 1994, Ladurie, 1987).

Lately environmental determinism is used to formulate a holistic view of worlds
history. In the book “A Green History of the World: The Environment & the Collapse of
Great Civilizations” Poline was trying to “probe... the extent to which the environment has
shaped human history” (Ponting, 1991; Soroka, 1995). Many researchers are following
his perceptions!!! (Costanza et al., 2007; Folts, 2003; Schulz, 2002; Radkau, 2013)

In the early 20th century, more than 50 years before theories of climate change became

trendy (Koutsoyiannis, 2021) Ellsworth Huntington connected the demise of civilizations
with climate changes (Brooks, 1947). Many researchers view climate change or
deforestation (Middleton, 2012; Sheffield, et al., 2011; Ghose, 2012; Gill, 2000; Haug et
al,, 2003; Buckley et al., 2010; Cullen et al., 2000; Drake, 2012; Rosen, 2006; Smith, 2013;
Weiss, 1982 ) as the main reasons of social collapses in the past. Related research predicts
the future of world population growth in relation to the parallel deforestation process
(Bologna, M.; Aquino, 2020).
In some cases, e.g., in the study of how the volcanic climate impacts can act as ultimate
and proximate causes of Chinese dynastic collapse which are described in the recent
paper by Gao et al. (2021), emphasizes the correlation between environmental factors
and social dynamics. However, the authors note that:

Even in cases of collapse, that some dynasties persisted for up to a decade post-eruption
while others collapsed more rapidly suggests the complexity of the underlying causal
contributions and the inadequacy of monocausal or environmentally deterministic
interpretations.

I "Why We Are Antisemites" - Text of Adolf Hitler's 1920 speech at the Hofbrauhaus. Available online:
https://carolynyeager.net/why-we-are-antisemites-text-adolf-hitlers-1920-speech-hofbr%C3%A4uhaus
(accessed 6 November 2021).

lIThe Cambridge Economic History of Europe, The Agrarian Life of the Middle Ages, Edited by Michael M.
Postan vol. 1, Cambridge University Press, Cambridge 1966.
Human Impact on Ancient Environments, Edited by C. L. Redman, University of Arizona Press, Arizona 1999.

Il The Discourses of Environmental Collapse: Imagining the End. Edited by Vogelaar, A.E., Hale, BW., & Peat,
A. Routledge, London 2018. https://doi.org/10.4324/9781315441443
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Many other researches based in archeological data do not confirm environmental
determinism. Senan et al. (2013) note:

..In contrast to the steady population growth usually assumed, the introduction of
agriculture into Europe was followed by a boom-and-bust pattern in the density of
regional populations. ... we investigate the relationship between these patterns and
climate. However, we find no evidence to support a relationship. Our results thus suggest
that the demographic patterns may have arisen from endogenous causes.

Other approaches do not include the environment as fundamental cause of the collapse.
Through a neo-Platonic view, Tainter considers that societies are complex systems
(Tainer, 1988) and complexity is necessary element for their growth. A dynamic crisis and
collapse is contained in every growing social structure as complexity will reach a limit
where it cannot be managed (Middleton, 2017).

Other approaches emphasize the point that civilizations are not quantities but also
qualities as they contain cultural variables. The idea of cultural aspects in the dynamics of
societies, moral decline and related issues were first formulated by the Islamic historian
Ibn Khaldun (1332-1406) (Khaldun, 1967), who recognized the periodic rise and fall of
dynasties as macrostructures in the history of civilizations. Western interest in this
mechanism of collapse was formulated by Edward Gibbon (1737-1794) (Gibbon, 1869),
who attributes, as does Khaldun, the collapse of the Roman Empire to moral decline.

Summarizing the above, upheavals in social stability and continuity can be said to be
due to socio-political disorganization, economic weakness, and environmental or
demographic trends. Changes in social dynamics appear as long-term fluctuations, first
organizing, then expanding and integrating, before sinking into disorder. The scale of the
collapse, the timeframes involved, the key elements that fail, and whether the outcome is
catastrophic or ultimately allows for restructuring remain open questions! (Butzer, 2012;
Nagarajan, 2006; Monastersky, 2015).

At the beginning, humans survived, perpetuated and spread as hunter-gatherers
dominating on the environment, reaching a relative equilibrium (Downey, 2016), and
displaying remarkable resilience (Redman, 2005). The possibility of human clustering
(Sargentis et al., 2020; Klein Goldewijk et al., 2011) was very small since man needed large
areas to meet nutritional needs (Sargentis, 2021). The great step to civilization was
primarily due to the capability of human clustering through language and technology.
Communication (hence social organization) and technology, made humans more and
more efficient, giving great clustering potentials (Pennington, 1996).

Human survival presupposes the utilization and exploitation of the water-food-energy
nexus and food, water and energy require constant replenishment. Hence, the nexus is the
human “prey” (Sargentis et al., 2021). In prehistory, predators of humankind where the
big animals. In civilized societies, notable predators are the mosquito to which one million

I'Crisis to Collapse: the archaeology of social breakdown. Edited by Cunningham, T., & Driessen, J. Presses
universitaires de Louvain. Louvain-la-Neuve, 2021

Questioning Collapse. Human Resilience, Ecological Vulnerability, and the Aftermath of Empire. Edited by
McAnany, P.A. & N. Yoffee, Cambridge University Press, Cambridge, 2010.
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deaths per year! are attributed and pathogens such as the bacterium Yersinia Pestis
(known as Black Death) responsible for an estimated reduction of the world population by
c. 1/3 in the 14th century!l.

In following paragraphs, we will explain the aspects of environmental determinism in
terms of carrying capacity, considering Hurst-Kolmogorov dynamics in natural resources,
technology, trading, storage and social dynamics in a toy model to explain the mechanisms
of collapse.

Carrying Capacity

After humans manage to face the threats of big animals, they did not have systematic
predators to interact with. As water-food-energy are necessary for their survival, we
consider them as their prey (Sahlins, 2013).

In order to understand the meaning of carrying capacity, we create a toy model. In this
toy model we can imagine for example, a group of people trapped in an island for 1000
years where there is only a spring. The outflow of a spring can be treated as a random
variable, following, for example and for simplicity, a Gaussian distribution. The carrying
capacity of a place will be related to the minimum flow, which could support a specific
number of people and we assume that the system would find an equilibrium around this
value (Figure 7.1).

Resources gaussian variable — = = Carrying capacity

Resources
Carrying capacity

Figure 7.1 Toy model: the concept of environmental determinism. Outflows of the fountain

follows a gaussian distribution. Red dash-line shows the carrying capacity of the population.
However, we note some interesting limitations in the approach of carrying capacity:
The distribution of natural resources (especially the ones related to water resources

and management and inter-connected with food and energy), do not follow a white-noise

behavior (i.e., with identically distributed and independent increments) and are better

simulated by the so-called Hurst-Kolmogorov dynamics (Koutsoyiannis, 2010).

(a) Humans have abilities to overlap these gaps through adaptation

(b) We have to consider including the dynamic of societies

I' World Health Organization. Malaria. Available online: https://www.who.int/news-room/fact-
sheets/detail/malaria (accessed 25 August 2021).

' United States Census, Historical Estimates of World Population. Available online:
https://www.census.gov/data/tables/time-series/demo/international-programs/historical-est-
worldpop.html (accessed 25 August 2021).
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The role of Hurst-Kolmogorov dynamics in environmental determinism
An important property of natural phenomena is that follows Hurst-Kolmogorov (HK)

behavior, in hydrometeorological processes usually known as Long Term Persistence
(LTP). It seems that in natural systems, randomness and predictability are intrinsic and
can be deterministic and random at the same time, depending on the prediction horizon
and the time scale (Dimitriadis et al, 2016). Particularly, all these processes are
characterized by high unpredictability due to the clustering of events.

This behavior of natural systems was first identified in nature by H.E. Hurst in 1951
while working at the River Nile, although its mathematical description is attributed to A.
N. Kolmogorov who developed it while studying turbulence in 1940. Koutsoyiannis
(Koutsoyiannis, 2010) named this behavior as Hurst-Kolmogorov dynamics (HK), to give
credit to both pioneering scientists (Sargentis et al., 2019). Interestingly, this behavior has
been identified in global-scale key-hydrological-cycle processes through the analysis of
thousands of stations (Dimitriadis et al, 2021) and can be also observed in social
parameters as in war frequency in China which are related to the volcanic climate (Gao et
al,, 2021).

Although in HK dynamics the marginal distribution of the process maybe arbitrary, the
most commonly used distribution is the Gaussian one, which results in the well-known
fractional-Gaussian-noise, described by Mandelbrot and van Ness (Mandelbrot and van
Ness, 1968), i.e., the power-law decay of variance as a function of scale y (k), is defined for
a process (Dimitriadis and Koutsoyiannis 2018). The HK behavior is quantified by the
Hurst parameter H (0 < H < 1). In the simplest case, the variance y (k) of the process at
timescale k, known as climacogram, is given by

p)
y(k) =

e (7.10)

where A is a characteristic timescale and A is the variance at this time scale. For 0 < H <
0.5 the HK process exhibits an anti-persistent behavior, H = 0.5 corresponds to the white
noise process, and for 0.5 < H < 1 the process exhibits LTP (clustering).

Therefore, to account for the effect of the non-white-noise behavior of the spring
outflow in our toy model, we simulate the spring outflow based on the HK model (with,
for example, H = 0.8), and by following a Gaussian distribution (described earlier),
through a stochastic synthesis algorithm, and particularly, through the Symmetric-
Moving-Average (SMA) scheme (Koutsoyiannis, 2000; Koutsoyiannis and Dimitriadis
2021). Figure 7.2 shows a so generated timeseries. An environmental determinist would
likely say that the society would collapse four times (red triangles).
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Resources — = = Carrying capacity

Resources
Carrying capacity

Figure 7.2 Toy model: The concept of environmental determinism with HK dynamics. Outflows
of the fountain follows gaussian distribution with H=0.8. Red dash-line shows the currying
capacity of the resources.

The role of technology and trading in environmental determinism

In prehistory there is a strong possibility that, this type of collapse, could not affect
societies that were never "organized" in the first place. These societies were flexible, they
did not have infrastructures or stable wealth and they could move to other places to find
resources. This is how we could justify the switch from more socially structured and
sedentary societies to smaller-scale, pastoralist, and mobile societies, with some societies
constantly switching between both types of economy. This type of adaptation, some
would even call "resilience".

With agricultural evolution, human societies handled more efficiently the water-food-
energy nexus and they could possibly survive these gaps facing the threats of recessions
in their settlements. If our group of people in the island dig a well or travel in other island
close by to bring water from there, they would have more water. In order to indicate that,

we add a constant quantity z at each value in the time series:
x'=x+z (7.11)

This model is depicted in Figure 7.3. An environmental determinist would consider
that the population could be increased. However, ancient sedentary societies, would be
vulnerable to this phenomenon as these societies would thrive when there were plenty of
resources but HK dynamics predicts a systemic crisis every time resources are restricted.

Resources — = = Carrying capacity

Resources
Carrying capacity

Figure 7.3 Toy model: The concept of environmental determinism with HK dynamics adding a
technological step. Red dash-line shows the currying capacity of the resources.
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The role of storage in improving currying capacity
Since early times people realized how nature works i.e. they developed a practical
knowledge of what today we call HK dynamics. Therefore, they considered that they have
to store the resources when there was abundance, in order to use them when there was
scarcity. The first written mention of this concept was recorded in the Bible where Joseph
advised Pharaoh to store the food in wealthy years, as he predicted that dry years will
comel. HK dynamics is also called the Joseph effect (Mandelbrot and van Ness, 1968).

In our toy model, if we consider that people make a small dam and water withdrawals
are depended by the availability of the resources, the system will become more stable
increasing its currying capacity and avoid the collapses. The process can be modelled by

the following equations:
Sy = max (0, min(K, Sr—; + xr — Rr) (7.12)

Rr =aSr_; (7.13)

where S is the stock in the reservoir; T is time; x is the inflow; R is the withdrawal
considered proportional to the stock; a is a constant determining the release; and K is the
storage capacity.

Figure 7.4 depicts the effect of available resources with the use of storage.

Resources Withdrawal — = = Carrying capacity

Resources

Carrying capacity

Figure 7.4 Toy model: The concept of storage with HK dynamics. Red dash-line shows the
currying capacity of the population.

The role of the growth and the sustainability of resources in environmental determinism
If we combine in our toy model the advantages of technology, trading and storage
increasing them in time, we could model the evolution by the following equation assuming

linear changes in time of storage, and K; and resources x’ as follows:

x'r =xr+{T (7.15)

I' Holy Bible, Old Testament, Genesis (Tévecig) 41 Available online: http://apostoliki-
diakonia.gr/bible/bible.asp?contents=o0ld_testament/contents_Genesis.asp&main=genesis&file=1.41.htm
(accessed on 4 February 2021).
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where ¢ and { are constants determining the linear relationships. The results of the new
toy model are depicted in Figure 7.5.

............. Resources

Withdrawal = = = Carrying capacity

Resources

Carrying capacity

Time

Figure 7.5 Toy model: The concept of currying capacity with HK dynamics where storage and
technology are increasing.

However, if the rhythm of consumption increases, even if we have the ability the in-
creasing of storage, we note a dynamic of collapse. If we consider the constant a in equa-
tion (the proportion of the storage released) an increasing function of time, i.e.:

a=ag+nT (7.16)

where 7 is a constant which determine the linear relationships. The results of the new toy
model are depicted in Figure 7.6.
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Figure 7.6 Toy model: The concept of environmental determinism with HK dynamics where
storage and technology are increasing but the available resources are not consumed sustainably.
An entropic view of growth and recession

In the last century, a new scientific field has developed, econophysics, which combines
socio-economic dynamics with the laws of physics.

Although in physics entropy is widely is often used as a measure of disorder, its
universal character, stemming from its stochastic definition, features it as a measure of
uncertainty. Together with the accompanying principle of maximum entropy, it forms an
excellent tool to describe the dynamics of societies.

Social prosperity presupposes social constitution, which in turn presupposes social
stratification and development.

From an entropic view point, we note that when the real average of the people’s income
increases (growth), the entropy @ of societies, is increased. Instead of that, if the real
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average decreases (recession) entropy @ is decreased. As entropy decreases instead of its
natural tendency, in recession phase, societies flow in an unstable phase. In this respect it
turns out that entropy is also a measure of society’s wealth.

This aspect can be also connected with social crises in the abrupt limitation of
resources (recession) by the HK dynamics or with non-sustainable consumption of
resources.

In addition, we have to note that as growth increase societies’ entropy, increase
societies’ the uncertainty and according Tainter, growth means the increase of
sociopolitical complexity. In his book The Collapse of Complex Societies Tainter (1988)
notes:

Collapse is a political process... A society has collapsed when it displays a rapid significant
loss of an established level of sociopolitical complexity.

Complexity is indispensable for growth. Max Roser notes!:

In a positive-sum economy your living standards are not determined by the productivity
of your piece of land, but by the productivity of the economy that you are part of - the
goods and services that you rely on are produced in a large-scale collaboration of millions
of workers. Your economic well-being depends on them.
The increasing of the pair of those variables (uncertainty and complexity) which are
interconnected, is also related to the dynamics of collapse.
An entropic view of social dynamics and stratification

If social organization disintegrates (Butzer, 2012) civilization would collapse. It is
believed that moral decline and extreme stratification are some of the contributing
causes, while the contribution of technology, trading and storage is less obvious. For
example, in the above-mentioned Biblical story, if in the years of abundance, Pharaoh kept
all the surplus of the storage in order to satisfy the elite and trade it or make useless
symbols of power, social crisis, starvation and collapse would be the one-way outcome.

A recession phase means a deformation of stratification. A general consideration is that
the more vulnerable population in this phase is the elite (Middleton, 2012) as their
existence is based in the surplus which is restricted at this time. However, it is exactly this
surplus which gives to the elite the resilience in recession phases and the potential of
oppressing the pour with multiple mechanisms.

Figure 7.7b tries to show how a phase of recession would affect the poor if the rich
would not redistribute the wealth, in a simplified manner. The blue area shows the
impacted people when resources are reduced by about 10%. In the Pareto distribution
(for example in Ancient Egypt where Gini coefficient is estimated close to 0.7 (Shaer,
2021) about 80% of the population would be impacted. In the exponential distribution
about 40% would be impacted. In the total equal society, as all the people are equal, one
could assume that this would impact 100% of the population.

I'Roser, M. Breaking out of the Malthusian trap: How pandemics allow us to understand why our ancestors
were stuck in poverty, November 26 2020 Available online: https://ourworldindata.org/breaking-the-
malthusian-trap (accessed 25 August 2021).
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Figure 7.7 Different types of distribution of wealth. Grey rectangles show total equality with Gini
coefficient equal to 0; orange circles show exponential distribution with Gini coefficient equal to
0.5; yellow diamonds show power-type Pareto distribution (greediness of elite) with Gini
coefficient equal to 0.7 (a) Share of wealth (b) Lorenz curve (blue area represents a recession
10%).

History shows that stratified societies were distinguished and lasted for a long time
when they prioritized a better way of living for the members of the society and this
example shows the capacity of the elite to save the society from the collapse redistributing
the wealth.

Digression 7.A: Summarizing elements of the study of social structure

The above considerations allow us to summarize the following methodological issues:

(a) The availability of natural resources follows HK dynamics which results in recessions and
expansions in multiple phases.

(b) Humans have creative abilities such as technology and storage to overcome the phases of
recession.

(c) If the rate of consumption exceeds the technology enabled resources, the society has a
potentiality of collapse.

(d) The entropic approach to social dynamics suggests that:

(e) When the real average of the people’s income increases (growth), entropy @ is increased and
when the real average decreases (recession by social causes, type of consumption, or
environmental causes) entropy @ is decreased.

(f) Growth of civilization means also the increasing of complexity. As entropy is a measure for
both uncertainty and complexity, growth means the increasing of the both variables which
give a potentiality of collapse and it is related to lower energy in the system.

(g) Exponential distribution of wealth corresponds to the optimum stable social structure.

(h) Equal distribution of wealth means an unstable social structure and less total wealth. From
the entropic viewpoint, in this extreme case, entropy tends to -co (Koutsoyiannis and
Sargentis 2021).

(i) The elites have capacities to recover recession phases. However, greediness of the elites
means that, society may fall to decadence. From the entropic viewpoint, in this extreme case,
entropy tends to zero (Koutsoyiannis and Sargentis 2021).

Natural tendency of entropy is to increase (provided that energy does not decrease). Every
time we note entropy decreases instead of its natural tendency, societies switch to an unstable
phase (Koutsoyiannis and Sargentis 2021).

A depiction of these methodological issues is shown in Figure 7.8.
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7.1 Environmental determinism in the past

Maya: Heinberg (Heinberg, 2004) reported that complex societies that are limited to a
single bioregion, such as the Classic Maya, are more likely to collapse quickly as a result
of damage to the ecosystem, while those of greater geographic extent typically persist for
decades or centuries longer (Stanley, 2011).

During the 8th-9th Century, the Mayans deforested large areas (Cook, 2012) in order
to clear the land for agriculture and burned trees to make lime mortars for their complex
constructions (Diamond, 2011) (Figure 7.9a). In a relevant study, it is speculated that the
scale of deforestation broke down the hydrological cycle and was the reason for the
drought that followed in the area during this period (Oglesby et al., 2010). Lack of forest
cover contributed to soil depletion and erosion.

Obviously, civilizations often face many different types of natural disasters and usually,
after a recessionary cycle, they manage to recover. For example, in the preclassical phase,
Mayans had managed to survive two long-term droughts which were estimated by the
analysis of stalagmites from the Yucatan (Turner and Sabloff, 2012; Hodell et al., 1995).
Furthermore, in the classical phase, Mayans had to deal eight severe droughts of 3-18
years in length between 750-1050 AD (Beach et al,, 2009; Hodell et al., 2007; Medina-
Elizalde and Rohling, 2012). Data show that, in these periods, growth was stopped, but
the important fact is that Mayans were able to recover many times. The recovery depends
on the kind of the recession but certainly it requires proper social organization and
coordination.
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Mayans did not just disappear but abandon their cities. As crops failed because of
drought, farmers and artisans immigrated, to escape starvation in a wider area. If we
consider that societies in new-world were more equal than the old-world (Kohler, 2017)
and Giny coefficient is estimated in order of magnitude around 0.2 (Fochesato et al.,
2019). Turner et al. (Turner et al., 2012) assumes a strong possibility of conflict with an
elite which showed weakness in this specific time to support the survival of the
inhabitants. Elite lost their power and social organization disintegrated even if they had
overlap similar gaps in the past. As farmers and artisans spread in order to survive like
hunter-gatherers, from entropic viewpoint we note that entropic index of inequality &, [g]
tends -oo indicating the collapsed social structure.

In other words, the preservation of the social structure and social cohesion, is the
prerequisite for the recovery of civilization.

Easter island: The first Polynesian settlers found an island with fertile soil, plenty of food,
plenty of building materials and all the conditions for a comfortable living!. The
redistribution of island resources required a complex social organization of the
population (Fischer, 2005). It is alleged that trees were intensively cut to create tools for
the construction of the island's monolithic monumental sculptures known as mo‘ai
(Figure 7.9b). The construction of these sculptures is presumed to be the result of
competition between different tribes trying to outdo each other in displays of wealth and
power.

The big picture is one of the most extreme examples of society collapse: the entire forest
has disappeared. As the forest disappeared, life became more and more uncomfortable -
the springs disappeared and wood was no longer available. Humans starved; cannibalism

replaced some of the lost food supply (Robert et al., 2020).
& -

(a) (b)

Figure 7.9 (a) Maya: El Castillo, at Chichen Itzall; (b) Mo‘ai facing inland at Ahu Tongariki,
restored by Chilean archaeologist Claudio Cristino in the 1990s!!,

I Diamond, J. Easter’s End, Discover, Aug 1995. Available online:
https://www.discovermagazine.com/planet-earth/easters-end (accessed 25 August 2021).

I Maya civilization. Available online: https://en.wikipedia.org/wiki/Maya_civilization (accessed 25 August
2021).

Il Moai. Available online: https://en.wikipedia.org/wiki/Moai (accessed 25 August 2021).
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The cause of collapse: human acts or environment?
In both well-known cases we note anthropogenic factors as the cause:

e Maya: the collapse was triggered by droughts (recession) but the reason was the
institutional failure from the corruption of the elite.
e Easter island: natural resources were consumed in higher rhythm than they could be
renewed. The reason which led to a dynamic crisis was the inability of society to
distinguish the real needs and the non-sustainable consumption for the creation of
useless symbols of power.

These examples show that, even when the environment is involved as a cause of
civilizations’ collapse, it could be a trigger but not the cause, with social dynamics and
environmental determinism nested in a complex relationship.

7.2 Environmental determinism in modern era

In modern era the technological limit and the ability of storage are constantly increasing.
Therefore, environmental determinism fails systematically. Typical examples of failures
are:

(a) The overthrow of the Malthusian trap by (a) the industrial revolution!; (b) the
formation of modern economy!’; (c) economic development!!.,

(b) The recovery from the energy crisis caused by whale’s oil shortages in the 19t century
(Baker et al., 2004; Bardi, 2007; Yaeger, 2020) with the use of coal (0'Connor, 2014).

(c) The overthrow from the health crisis caused by the huge stock of horse’s manure in
cities during the late 19t century (35 pounds per day, per horse) by the cleaning of
cities due to the introduction of automobiles, thus solving (Chiu, 2008; Levitt and
Dubner, 2010; Brandon, 2013)

(d) The nonoccurrence of worldwide famine due to (supposed) overpopulation despite
the prediction in the well-known books “The limits to growth” (Meadows et al., 1972)
and “The population bomb” (Ehrlich, 1968). The Green Revolution introduced by
Norman Borlaug!V gave an end to starvation for Asia in the 1960s (Cleaver, 1972;
Hazell, 2009), Africa in the 1980s (Diao et al., 2008) and subsequent support of
population growth until today.

The spectacular falsification of the predictions of 1992 AGENDA 21 of the United Nations

Conference on Environment & Development such as this:

I Hoppe, H.H., From the malthusian trap to the industrial revolution, April 8 2013. Available online:
https://themisescircle.org/features/from-the-malthusian-trap-to-the-industrial-revolution/ (accessed 25
August 2021).

I Roser, M. Breaking out of the Malthusian trap: How pandemics allow us to understand why our ancestors
were stuck in poverty, November 26 2020 Available online: https://ourworldindata.org/breaking-the-
malthusian-trap (accessed 25 August 2021).

T yan Zanden, |. L.; Baten, J.; Mira d’Ercole, M.; Rijpma, A.; Smith, C.; Timmer, M. How was life?: Global well-
being since 1820. OECD publishing 2014. Available online: https://read.oecd-ilibrary.org/economics/how-
was-life_9789264214262-en#page3 (accessed 25 August 2021).

v Borlaug, N. E. The green revolution revisited and the road ahead. Stockholm, Sweden 2002 Available
online https://www.nobelprize.org/uploads/2018/06/borlaug-lecture.pdf (accessed 25 August 2021).
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We are confronted with a perpetuation of disparities between and within nations, a

worsening of poverty, hunger, ill health and illiteracy.!

Since then, global poverty was reduced from 1.71 billion (1992) to 733.48 million
(2019)1, global average life expectancy increased from 63.1 to 71.4 years!! the global
share of children who are stunted 39.3% (1990) to 22.2% (2017)'V and the global share
corresponds of the population older than 15 years that is able to read and write are from
75,3% (1992) to 86,4% (2019)V (Figure 7.10).
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Figure 7.10 Global data from 1992 (Agenda 21), and today. Top: income mountains'!; Bottom:
life expectancy (years), share of children who are stunted (%), share of population older than 15
able to read and write (%).

These examples show that Western thought can be influenced by environmental
determinism despite its continual failures. The question is not whether the environment
is related to socio-historical change, but how we can deal more objectively with coupled
systems that include a large set of variablesVIL

I Agenda 21. United Nations Conference on Environment & Development, Rio de Janerio, Brazil, 3 to 14 June
1992. Available online https://sustainabledevelopment.un.org/content/documents/Agenda21.pdf
(accessed 25 August 2021).

' World Bank, PovcalNet: an online analysis tool for global poverty monitoring, Available online
http://iresearch.worldbank.org/PovcalNet/ (accessed 25 August 2021).

Il ife expectancy. Available online: https://ourworldindata.org/life-expectancy (accessed 5 October 2020)
v Roser, M,; Ritchie, H. Hunger and Undernourishment. Available online:
https://ourworldindata.org/hunger-and-undernourishment (accessed 25 August 2021).

V. World Bank, Literacy rate, adult total (% of people ages 15 and above. Available online:
https://data.worldbank.org/indicator/SE.ADT.LITR.ZS (accessed 25 August 2021).

VI'Income Mountains. Available online https://www.gapminder.org/fw/income-mountains/ (acceced June
52021)

VI United Nations, 2019 Revision of World Population Prospects. Available online:
https://population.un.org/wpp/ (accessed 27 June 2021).
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In addition, it is difficult not to draw parallelisms with the present situation as in
current conditions: the complexity of the world and the dependence of the digital
civilization has reach an impressive high limit, global wealth follows a Pareto distribution
(Koutsoyiannis and Sargentis, 2021), highly costs research and technological steps are far
from the real needs (among other, to the useless competitions about space trips'), the type
of resources’ consumption is non-sustainable and we have not solved issues about storage
capacity (for example to store energy by the Renewable Energy resources).

7.3 Minoan civilization

The Minoan civilization was an Aegean Bronze Age civilization which flourished on the
island of Crete, the island of Santorini (Akrotiri), other Aegean islands, and in the western
coastal areas of modern-day Turkey (Figure 7.11) from about 3200 to 1100 BC. The
historian Will Durant called the Minoans “the first link in the European chain” (Durant,
1939). This statement is ex post supported by genetic indexes which indicate that: the
first Neolithic migrants traveled from the Levant into Anatolia and then to eastern Crete,
Greece, Sicily and central Europe (Paschou et al., 2014).

The basic stages of Minoan civilizations are:

(a) Prepalatial 3250-1900 BC

(b) Protopalatial (Old Palace period) 1900-1750 BC

(c) Neopalatial (New Palace period) 1750-1450 BC

(d) Postpalatial (Knossos, final Palace period) 1450-1100 BC
(e) Dark Ages 1100-750 BC

The Minoans represent the first advanced civilization in Europe, leaving behind
massive building complexes, tools, stunning artwork, systems of writing, and a massive
network of trade (Chaniotis, 2012). They constructed remarkable architectural and
hydraulic infrastructure for the management of water resources, such as water supply,
fountains, dams, aqueducts, highly sophisticated sewage and drainage systems, toilets,
irrigation and drainage of agricultural land (Angelakis and Spyridakis, 1996; Palyvou,
2004; Palyvou, 2003; Angelakis, 2013). Minoans also developed the, syllabic scripts
known as Linear A and Linear B. Linear B was deciphered by Michael Ventris in 1952
(Chadwick, 1990; Chadwick, 1987). This remarkable civilization, was only rediscovered
at the beginning of the 20th century through the work of British archaeologist Arthur
Evans.

I Williams, O. Billionaire Space Race Turns Into A Publicity Disaster, 21 December 2021, Available online:
https://www.forbes.com/sites/oliverwilliams1/2021/12 /21 /billionaire-space-race-turns-into-a-
publicity-disaster/ (accessed 25 December 2021).
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(a) (b)

Figure 7.11 Minoan civilization. (a) Location; (b) Areas of cultural influence (possible colonies),
trade and colonization route.

Despite the abundance of objects, images and even inscriptions from the Minoan era, it
is still difficult to reconstruct the society’s structure. Driessen (2015) notes that:

a kinship association in which gender differentiation combined with age and a strong

sense of locality shaped Minoan identity.

Adams (Adams, 2017) assumes that there was stratification, elite and commoners, and
Kristiansen and Larsson (Kristiansen and Larsson, 2005) exemplify the current state of
thinking in Cretan archaeology in their synoptic study The Rise of Bronze Age Society,
stating that:

the power of Cretan elites lay in ‘institutionalised practices (economic, political and

religious) that constituted palatial power.

As there was no mention of wars in the area of Minoans between 3200 to 1100 BC, the
Minoan era was named by Evans as Pax minoica or Minoan peace (Evans, 1921-1935) a
period during which cities did not have walls (Hirschfeld, 2010). Instead of this
consideration, other archeologists believe that artistic representation of violent hobbies
as boxing or bull-leaping (Figure 7.12), show violent social spirit (Vandkilde, 2006). This
supports the theory that the Minoans had a military aristocracy (Molloy, 2012) which,
according to Ferguson (Ferguson, 1990) were crucial determinants of social formation
together with civil administration and religion (triadic balance). It is important to note
that recent archeological evidence supports this theory (McGeorge, 2018).

Crete has pleasant weather! (no need for warm clothes or special protection), no big
animals as enemies, and a lot of food is produced naturally by trees, small animal hunting
and fishing. Therefore, an organized society was not necessary for survival needs and
people could live there easily as hunter-gatherers. However, the land’s morphology is

I Climate Data for Cities Worldwide. Crete. Available online: https://en.climate-
data.org/europe/greece/crete-10053/ (accessed on 27 June 2021).
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quite heterogenous with a wide range of altitude and fertile-barren areas. Figure 7.13
Figure 7.14, shows the connection between the cultivated areas of modern Crete and the
archeological settlements from the Minoan era (Figure 7.14), indicating that the limits of
fertile areas were connected to Minoan settlements.

=R =

Figure 7.12 Minoan fresco in Knossos palace, c. 1600-1450 BC.!

Fertile areas

Google Earth

Figure 7.13 Limits of fertile areas in 2021, connected with Minoan settlements!L.

Assuming that Minoans could cultivate all areas as is done in modern times (Figure
7.13) with traditional methods, Knossos, Phaistos, and nearby settlements in the center
of Crete could feed more than 110 000 people. In the eastern Crete, the palace of Malia
could feed more than 2000 people, the area near palace of Gournia could feed more than
12 000 people and, assuming that the palace of Zacros exploited the land of Palekastro, it
could feed more than 5000 people. In the western Crete, Cydonia could feed more than
25 000 people and the nearby cultivated areas of Aptera could feed about 4 000 people
(Sargentis et al.,, 2021). In these cases, we have to imagine one more difficulty: to transfer

I Acrobatics over a bull in unknown circumstances, probably ceremonial. Available online:
https://en.wikipedia.org/wiki/Bull-

Leaping_Fresco#/media/File:Bull_leaping minoan_fresco_archmus_Heraklion_(cropped).jpg (accessed 25
August 2021).

I Google Earth Pro, Version 7.3.3.7786, Map publisher NOAA, U.S. Navy, NGA, GEBCO, June 2021, Crete
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the products from mainland to the cities and palaces and then to trade them (Hood and
Smyth, 1980). As saffron is precious in very small quantity (current price ~90 000 € per
kg'), it was an ideal product for Minoans to trade (Figure 7.15a). In addition, we can
imagine one important advantage: the sea could be an important food supplier as is
represented in related frescos (Figure 7.15b).

Palace sites

Other settlements

Google Earth

Figure 7.14 Centre Minoan Crete settlements!L.

Minoan landscapes were well organized in agricultural and pastoral areas for food
production (Orengo and Knappett, 2018). The high living standards (as evidenced by
hydraulic infrastructure) allowed a dense clustering of humans in cities. Castleden
estimates that Knossos had a population of c.40 000 people in 1500 BC (Castleden, 2011)
and according to Homer (c. 800 BC), Crete once had 90 cities (Bennet, 1996). Unlike other
ancient civilizations, such as in Egypt, Mesopotamia and India, which thrived in areas with
high water availability (big rivers), Greek civilizations (and Minoans) thrived in almost
the same climate classification but in water deficient areas and therefore susceptible to
prolonged droughts as there were no continuous water supply from big rivers in Greece.
Therefore, technological infrastructures were necessary for the development in Greek
civilizations (Angelakis et al., 2014; Koutsoyiannis and Mamassis, 2018).

I Agriculture in Greece: Saffron: The most expensive spice in the world: Za@pav: To o axpiBd pmayapukd
Tou kOopov. Available online: https://www.ellinikigeorgia.gr/safran-to-pio-akrivo-mpaxariko-kosmou/
(accessed 25 August 2021).

11 Google Earth Pro, Version 7.3.3.7786, Map publisher NOAA, U.S. Navy, NGA, GEBCO, June 2021, Crete
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Figure 7.16 Top: Annual rainfall of Crete!ll,

Whilst there are small rivers and lakes in Crete and the Aegean islands, the Minoan
palace and other urban areas were not located close to them. Thus, the remarkable
progress in the Minoan Era appears to be inextricably linked with the desire for peaceful

I Saffron gatherers. Available online: https://el.m.wikipedia.org/wiki/
Apyxelo:Cueilleuse_de_safran,_fresque, Akrotiri,_Gréce.jpg (accessed 25 August 2021).

I Fisherman. Available online:
https://en.m.wikipedia.org/wiki/File:Fresco_of_a_fisherman,_Akrotiri, Greece.jpg (accessed 25 August
2021).

II'Source: Koutsogiannis, D.; Andreadakis, A.; Mavrodimou, R.; Christofidis, A.; Mamasis, N.; Efstratiadis, A.;
Koukouvinos, A.; Karavokyros, G.; Kozanis, S.; Mamais, D.; et al., National Management and Protection
Program of Water Resources, Support for the Preparation of National Program for Management and
Protection of Water Resources; Department of Water Resources and Environment—National Technical
University of Athens: Athens, Greece, 2008; 748p. doi:10.13140/RG.2.2.25384.62727
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coexistence with and adaptation to the natural environment with highly hygienic
standards, protection from diseases and natural hazards (such as floods and droughts)
and the comfort of non-primitive living (Angelakis, 2016; Koutsoyiannis et al., 2008;
Chatzimpiros et al., 2007). Examining Figure 7.14, Figure 7.16 (rainfall of Crete and
Minoan settlements), the flourishment of western settlements such as Cydonia in the pre-
palatial period and then Aptera after the Minoan era, we note that in their prosperity,
Minoans preferred the dry places (as later did Cycladic, Athenians, Spartans etc).

The Minoans exported food, wine, olive oil, herbs, cloth dye obtained from the murex
shell, and saffron spice! as well as other commodities and artifacts. The island’s imports
consisted of emery which was imported from Naxos, obsidian, tin, seals and ivory from
Anatolia, copper from Cyprus and other places. These traders from various countries were
dependent on each other so that their economies could not only survive, but thrive
(Roberts, 2019).

Studying their way of life, we can see from frescos that the Minoans had great festivals
with boats which indicated societal stratification as some boats were more decorated than
others (Figure 7.17). We also see that they created highly sophisticated artwork,
paintings, sculptures, hydraulic works and ships on which their civilization was based.

These highly sophisticated creations during the Minoan era show that there was a
division of labor. It is important to distinguish that life expectancy of people from
prehistory until the 1400s was no more than thirty years (Preston, 1995) and one century
would mean more than three generations instead of less than one and a half in modern
times. Herein we can also assume that there was a powerful educational system
transferring the skills from generation to generation.

Based in the above, we can distinguish the following classes: (a) elite; (b) military class;
(c) artists; (d) ship constructors; (e) sailors; (f) craftsmen (houses and hydraulic
infrastructures) with high engineering knowledge and (g) farmers and pastorals.

Figure 7.17 Minoan fresco, ship procession from Akrotiri c. 2000-1500 BC. Sophisticated ships
with different decoration suggesting stratification. In the middle a sailing boat loaded with goods!l.

We may speculate about the role of each one of the classes. The important requirement
for production is land. As land required important investment, deforestation, upgrade,

I Dewan, R. Bronze Age Flower Power: The Minoan Use and Social Significance of Saffron and Crocus
Flowers, Institute for European and Mediterranean Archaeology, Chronica 5:42-55, 2015. Available online:
http://www.chronikajournal.com/resources/Dewan%202015.pdf (accessed 25 August 2021).

II' Minoan ship procession. Available online: https://commons.wikimedia.org/wiki/File:AKROTIRI_SHIP-
PROCESSION-FULL.jpg (accessed 25 August 2021).
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and irrigation infrastructure, we can assume that the elite invested and managed the
preparation of the land using craftsmen. Craftsmen created high living standards by
enhancing the supply of food with irrigation. Farmers and pastorals produced food for all
and surplus for trading. Artists created surpluses. Constructors made ships for sailors to
trade what were not necessities, supporting also the nutritional needs with fishing
(Figure 7.18a).

One could assume that there would be a market where people could exchange their
goods but the complexity of the interaction of these classes becomes clear if we imagine a
society without money and the basic goods which established the prosperity in Minoan
era were of high value (infrastructures, ships) and could not be exchanged. Therefore, we
can assume that the elite arranged the fees and managed the economy by controlling the
interactions and the distribution of wealth. The role of elite was critical as the distribution
of all the wealth was controlled by them, hence this could justify a Pareto distribution.
Impressively we see that the distribution is estimated in 1500 BC with Gini coefficient
equal to 0.5 (Fochesato et al., 2019) corresponding to exponential distribution, which is
the most stable social structure. Even we do not know the analogies of Minoans classes
Figure 7.18b depicts a hypothetical structure of Minoan’s wealth distribution.
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Figure 7.18 (a) Creation of wealth and interactions in Minoan society; (b) A hypothetical
stratification in Minoan society with Gini coefficient equal to 0.5.

There are many studies attempting to explain the collapse of the Minoan civilization.
We could distinguish them by the main cause they propose, environmental or social.

Climate change

Tsonis et al. (Tsonis et al, 2010) show that wetter conditions during the middle
Holocene were followed by drier conditions and that around 1450 BC a long stretch of
drier conditions commenced ending centuries later. The authors presented a synthesis of
historical, climatic (associated with an increase in the intensity of the El Nifio Southern
Oscillation), geologic, and model simulations to support the hypothesis that climate
change, instigated by an intense El Nino activity starting around 1450 BC and lasting for
centuries (resulting from El Nino teleconnections) prolonged the drought conditions in
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the area and this contributed to the demise and eventual disappearance of the Minoan
civilization). A related study (Markonis et al.,, 2016) summarized the pressures on the
water resources in Crete in connection with climatic variability.

However, it appears that the Minoans had responded adequately to the changing
climatic conditions during the Middle Bronze Age. At that time, the management of water
resources became increasingly important, consistent with a drier climate (Betancourt et
al, 2012). Technologies such as gutters, wells, and dams utilized ceramic mulches to
conserve soil moisture, while the construction of many terraced hillsides was
implemented during those periods (Floods, 2012; Angelakis et al., 2020). However,
Minoans always had the option to move to wetter climates (Figure 7.16) and if there was
drought in Crete, they could move in other places or in existing colonies than collapse.
Minoans were also sailors and traders and could import goods in case of drought, like
what Athenians did a few centuries later.

In any case, climatic and environmental influences cannot be ruled out even if they are of
secondary importance. This is consistent with what Tsonis et al. (Tsonis et al,, 2010)
concluded, i.e.:

While nobody anymore expects any civilization to get extinct because of climate, it is
becoming clear that convergent events such as earthquakes and volcanic activity in
synergy with climate anomalies may produce significant stress to contemporary
populations vis-a-vis their social and economic development.

Thera volcano eruption

The chronological estimates of this eruption differ: 1500—1450 BC (Marinatos, 1959;

Detorakis, 1994) 1645 BC (Hammer, 1987) early 16th century BC (Pearson, 2018),
1628 BC (Sivertsen, 2009). Widely known catastrophic scenarios from Thera volcano

eruption are:

Fallen tephra from Thera on the eastern side of Crete choked off the agricultural
production (Luce and Bolton, 1976), and people lost their creative capacity (Dunn, 2002).

A tsunami, likely associated with the eruption, impacted the coastal areas of Crete. It is
estimated that waves from Thera battering northern Crete could have been up to 12m
high in places (Molloy et al., 2014; Bruins et al., 2008; Novikova, et al., 2011). Such waves
would have destroyed boats and coastal villages, even travelling up rivers to flood
farmland (Dominey-Howes, 1997; Gray and Monaghan, 2003; Monaghan et al., 1994;
Antonopoulos, 1992). However, the number of vulnerable Minoan settlements located in
the coastal areas was limited.

There is a possibility that the eruption caused significant climatic changes in the
eastern Mediterranean region and especially in the Aegean Sea (Pyle, 1997; LaMoreaux,
1995; Panagiotaki, 2007). The potential effect of Thera volcano eruption is the possibility
of injecting Sulphur dioxide into the stratosphere, as huge amounts of this gas can alter
the climate through solar reflection (Rampino, 1984; Rampino, 1988).

However, the Minoan Civilization in Crete was destroyed much later than the estimated
time of eruption—a puzzle that has haunted historians and scientists for decades. A
strong possibility is that the ash from Santorini (Thera) overshadowed Crete for a few
days but in no way destroyed the Minoan civilization (Luce and Bolton, 1976). The final


https://en.wikipedia.org/wiki/Tsunami
https://en.wikipedia.org/wiki/Mediterranean
https://en.wikipedia.org/wiki/Aegean_Sea
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collapse came at least three centuries later, most probably from other endogenous causes.
In addition, archaeological and other evidences suggest that after the Thera volcano
eruption in the neopalatial period, a cultural explosion, unprecedented in the history of
ancient civilizations, occurred in Crete. This is demonstrated by the advanced
hydrotechnologies developed at that time as there were described by Angelakis
(Angelakis, 2017).

In a very interesting recent research paper about how the volcanic climate impacts can
act as ultimate and proximate causes of Chinese dynastic collapse, Gao et al. (Gao et al,,
2021) show correlation of collapses of Chinse dynasties after volcano eruption which
happened in less than 15 years after the eruption. Even they assume that

in cases of collapse, that some dynasties persisted for up to a decade post-eruption while
others collapsed more rapidly suggests the complexity of the underlying causal
contributions and the inadequacy of monocausal or environmentally deterministic
interpretations.

they show that civilization could be impacted by an eruption but in a small-time range
(i.e., less than 15 years).

Fires

From the traces found during the excavations of the various archeological sites, the
destruction at this time appears to be the result of a fire. Platon (Platon, 1968), who
carried out the excavations at Minoan places in the area of Hondros, in the south eastern
Crete, suggesting these major disasters were due to fires:

Judging by the strongly cohesive layers and the calcification and burglary that the stones
on the wall of the buildings suffered, the destruction of the neo-palatial settlement of
Kefalas and its habitation ended after fierce wildfires.

Additionally, the neo-palatial holy-sanctuary in Roussos of Hondros had become a victim
of an extensive wildfire, which is testified by the abundant remains of the mvpikavotov
layer found at the site (Papadakis, 2002).

There is a possibility that a fire causes deforestation in the island. This could cause
several problems as the lack of wood for ship construction. However, no indication has
been found or provided on issues such as: where, by whom, how big was the fire and how
it was started.

Pandemic

A final hypothesis is that according to the archeological findings of skeletons in a

chamber tomb excavated in 1975 at Stavros, east of the village Galia and north of Moires,
in a recent publication (McGeorge, 2018) McGeorge assumes that:
Most households must have kept animals for subsistence, so contact with animals at a
domestic level would have been inevitable. The risk of contagion within families would
have been great, while denser human population clusters would have aided the spread of
epidemic diseases like tuberculosis.

Norrie discuss the sixteenth reason—infectious disease epidemics which could have
led to the end of the Bronze Age (Norrie, 2016). As the cluster of people increased in
Minoan civilization and we are not sure about the hygienic standards for the majority of
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the society, we could not exclude the possibility of a pandemic which could break social

structure and continuity.
Social causes

(a) Foreign enemies: The cause of the destruction of the Minoan civilization has been
attributed to an invasion by foreign enemies, e.g. Achaeans from Peloponnese. This
view assumes that a campaign, similar to that organized later by the Achaeans against
Troy, overthrew the Minoans (Glotz, 1922; Pendlebury, 1939). However, if we accept
the attack from Achaeans, the question remains: since the Achaeans invaded Crete,
why did they not stay there to exert their influence as they had in other places? In
addition, there are chronological gaps. Around 1200 BC, (100 years before Minoans’
collapse) the Achaean civilization itself ended when the Dorians, from the northern
Balkan peninsula, conquered it. According to the Greek literature, Iliad and Odyssey,
the people would rather die defending their homes than escape. In addition, if is some
Achaeans escaped with ships from a Dorians’ attack and immigrated to Crete
displacing the Minoans we should find their footprint. Until now, archeological
evidences do not confirm this theory.

(b) Unrest: This hypothesis states that the Minoan destruction was caused by internal
upheaval, social unrest and conflicts that had been created between the Cretans long
before the Achaeans and/or Mycenaeans subjugated them, when the civilization had
already deteriorated. In other words, the Cretans began to destroy themselves,
allowing external invasion to be easily accomplished, mutatis mutandis (i.e., changing
what needs to be changed) (Fame, 1990). However, Minoans learned to live with the
comforts of non-primitive living. In order to do this, they had to create infrastructure
and ships that could not be exchanged in local markets and colonies. Infrastructure
and large-scale creations (such as ships) need capital. In the case of Minoans, we have
to imagine a society without money, therefore we have to assume that all the
interaction which money represented, should have been done by an elite based on an
organized bureaucracy (Whittaker, 2005). Therefore, the elite would be absolute
necessary in society’s function and the fact of an unrest seems impossible.

7.4 The role of the elite in Minoan era

Minoans did not thrive in an isolated environment. Even if their technology was limited

and the ability of storage was small, they could find resources in other places to support
their civilization. Their trading skills and their colonies indicates that they had enlarged
their abilities to find new resources as they were flexible “predators”.
The Gini coefficient in Knossos c. 1500 BC, is estimated about 0.5 (Fochesato et al., 2019).
This value, corresponds to the exponential stratification which is referred to the entropic
index of inequality @, [g] equal to 1 (Koutsoyiannis and Sargentis, 2021) and shows a
stable social structure (maximized entropy) in which, a recession phase would have
minimum effect.

In this era, Minoan manage to overpass the recession phases caused by environmental
causes (Thera volcano eruption and climate changes). If we consider that in antiquity the
life expectancy was no more than 30 years (Preston,1995), from the stable social
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structure (1500 BC) to the collapse phase (1100 BC) there were at least ten generations
which could transform elite’s social perceptions into greediness, creating unstable social
conditions.

In addition, Minoan’s had an economy organized with complex interactions (in place of
money) controlled by the elite. This economy based on large-scale projects
(infrastructure, ships) focused on high living standards, the creation of a surplus and
overall, in a positive-sum economy.

If we consider the social utility of Minoan'’s different classes, we see that we could not
leave aside one class and imagine that their civilization could live in prosperity. This
complex social structure (Figure 7.18a) thrived for centuries, increasing its entropy
(uncertainty) and complexity. Therefore, we could assume that an accident in which
Minoans could lose the ability of management of their complex structure (e.g., a plague or
a sudden loss of important members of the society), would be more possible and
catastrophic as it would reduce the efficiency of the society. The average income would
be decreased, the social structure would be unstable and their civilization would acquire
a dynamic of collapse.

7.5 Therole of the elite in present days

The empirical investigation in this section provides comparison of the theoretical
framework of entropy developed with real-world data. Sargentis et al. (Sargentis et al.,
2021) have made similar comparisons, also intercomparing with the Lorenz curve and
the Gini coefficient, which are more standard measures of income distribution and socio-
economic inequality (Atkinson and Bourguignon, 2001; Morelli et al., 1970; Forster and
Toth, 2015). In their comparisons, they used data given in tenths of the share of people
from the lowest to the highest income versus share of income earned. The partitioning in
tenths is a standard form of income data offered in relevant databases, yet it fully hides
the behaviour of the tail, which, as we have seen, is extremely important for
understanding structural characteristics of the economy and for quantifying inequality.
We will provide additional evidence on this importance in this section.

In this purpose, we will analyse for data given in higher resolution than tenths of
people’s income and we found such data for USA and Sweden. Even in this case, the
information about the tail (the very rich people) is missing as the data values end at some
level ¢ with the last bunch of data given as “c and over”. It is thus crucial to find a way to
extrapolate the distribution function beyond ¢ and estimate expectations based on this
extrapolation (Koutsoyiannis and Sargentis, 2021).

The data from the USA are available online thanks to the United States Census Bureaul;
of those we choose to use the most recent available, those for year 2019 and in particular

I United States Census Bureau, PINC-08. Source of Income-People 15 Years Old and Over, by Income of
Specified Type, Age, Race, Hispanic Origin, and Sex, Available online:
https://www.census.gov/data/tables/time-series/demo/income-poverty/cps-pinc/pinc-08.2019.html
(accessed on 29 July 2021).



138

those for the entire population irrespective of particular characteristics (sex, race, etc.).
The empirical probability density and tail function (probability of exceedance), estimated
from the data are shown in Figure 7.19, also in comparison with the entropy maximizing
exponential distribution.

Here it is useful to remark that the detailed data cover only a small portion of the range
of incomes, up to less than double the mean income. Thus, they provide little information
on the distribution tail (the richest people). As a result, the extrapolation becomes very
important. Without the extrapolation the mean income (i.e. the quantity 4, according to
the above notation) is 30 601 $ and it becomes 53 336 §$ after the extrapolation (i.e. after
adding B;). Note that the actual mean value, according to the source datal is 54 129 §, i.e.,
close to the extrapolated estimate, which suggests that the extrapolation model is not bad.
Even more drastic is the change in the second moment: before extrapolation, it is 1.62 x
10° and after it 4.74 x 109 i.e. almost 3 times higher. The final (with extrapolation)
estimate of the coefficient of variation is o/u = 1.11, slightly higher than 1. The final
estimate of entropy (for 1 = 1$) is @ = 11.82, and that of the standardized entropy &, =
0.94, slightly lower than 1.

Overall, the picture in Figure 7.19 suggests that the principle of maximum entropy
with Lebesgue background measure seems to explain the income distribution. It is
interesting that the frequency of mid-rich people, from the mean income to more than
twice the mean, is somewhat overpredicted by the exponential distributions, and that of
the very rich (with income more than thrice the mean) is underpredicted. The incomes of
the poor and middle class do not differ from what is predicted by the principle of

maximum entropy. Remarkably, the condition p,s./u = 80% is satisfied when F(c) =
42%, close to the value 43.9% of the exponential distribution and substantially higher
than 20%, thus suggesting the inappropriateness of the “80/20 rule”.

Somewhat different is the picture of Sweden shown in Figure 7.20, again for the year
2019. The data, provided by Statistics Sweden!l, are more detailed than the USA data,
covering a range of income about nine times the mean income!!l. The estimated statistics
are also shown in the figure. The standardized entropy (&, = 0.79) and the coefficient of
variation (o/u = 0.72) are lower than in the USA, suggesting lower inequality. Strikingly
however, there is an opposite effect on the very rich, whose frequency is considerably
higher than that predicted by the exponential distribution. A possible explanation would

I Income Distribution, Redefining Capitalism in Global Economic Development, 2017, Available online:
http://www.sciencedirect.com/topics/economics-econometrics-and-finance/income-distribution
(accessed on 5 October 2020).

I SCB - Statistics Sweden, Income and tax statistics, Available online: https://www.scb.se/en/finding-
statistics/statistics-by-subject-area/household-finances/income-and-income-distribution/income-and-
tax-statistics/ (accessed on 29 July 2021).

Il SCB - Statistics Sweden, Number of persons in brackets of total earned income by age 2019, Available
online: https://www.scb.se/en/finding-statistics/statistics-by-subject-area/household-finances/income-
and-income-distribution/income-and-tax-statistics /pong/tables-and-graphs/income--persons-the-entire-
country/total-income-from-employment-and-business-2019--by-income-brackets/ (accessed on 29 July
2021).
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rely on globalization of the financial activities of the high-net-worth individuals. Again,
the condition y,»./p = 80% is satisfied for F(c) substantially higher than 20%, namely

for F(c) = 45%, close to the value 43.9% of the exponential distribution, thus suggesting
again the inappropriateness of the “80/20 rule”. Overall, the principle of maximum
entropy again provides a good representation of the average behaviour.
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Figure 7.19 Illustration of the entropic framework using income data from the USA for year 2019;
(left) probability density; (right) tail function (probability of exceedance).
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Figure 7.20 Illustration of the entropic framework using income data from the Sweden for year
2019; (left) probability density; (right) tail function (probability of exceedance).

However, the most telling evidence about the type of the distribution and, hence, the
appropriate background measure, is obtained by studying the distribution tail. To study
the tail, we do not need to examine the entire population, i.e., the entire range of the
variable x.

In order to empirically study the tail of income distribution, we will used data for the
net worth of richest people of the world (billionaires) and the evolution thereof. We
located the database which is referenced in the Forbes list for the years 1996 to 2018.
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For the years 2002 (lowest average income) and 2021 (highest average income)
exponential and power-law trends, respectively, are also plotted with dashed lines of the
same color (where in the left panel the green dashed line for 2002 is indistinguishable

from the continuous line).
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Figure 7.21 Conditional probability of exceedance of the annual income of the richest persons in
the world for the indicated years. The income per person was found by subtracting the total net
worth of a year from that of the previous year.

Based on real-world data, and in particular, those of the world’s richest, in order to give
a better idea on the distribution tail, we conclude that the exponential tail is not
uncommon, while the Pareto tail appears particularly in anomalous periods. Impressively,
the latest period of pandemic resulted in unprecedent profits of the richest, with a clear
Pareto tail.

7.6 Discussion

Human civilizations have survived through natural disasters and in hostile environments.
We see from different examples that when there was advanced social organization, the
society could overpass environmental issues as Minoan did it with a volcano eruption or
climatic changes around 1500 BC. We have also seen several studies which failed to
predict or model society structures (past or present) based on environmental criteria
alone. In addition, it is an undeniable fact that when social organization collapses,
societies cannot survive.

In general, we note that environmental determinism is surprised, impressed and
fascinated by the natural phenomena and connects them with societies without
considering their dynamics. However, we see that creative capacities (technology,
trading, storage), type of consumption (sustainable, non-sustainable), development
(growth-recession), social dynamics and complexity of civilization have an important role
in sustainability.
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The famous archeologist Christos Doumas notes!:

TA PUOIKA PaLVOUEVa GeV TEPUATI(OVV TOALTIGUOUS £POCOV ETLPLOVOVY oL avOpwTol

(natural phenomena do not demise civilizations as long as people survive)

Therefore, it is important to understand how the evolutionary trajectory of early
civilizations was disrupted.

Clearly the expected recession phases which are described by HK dynamics give in
collapse theories a repeatability element in which ancient civilizations were vulnerable.
However, even ancient civilizations as Maya and Minoans, were able to overpass many of
these phases, probably with good social organization and the management of a wise elite.

The case of the Minoans illustrates that the key to a civilization’s ability to thrive is the
focus in large-scale infrastructure and technology that improves the living conditions.
This presupposes but also enhances the society’s organization. Following this simple rule,
societies take the advantages of economies of scale to prey effectively water-food-energy
nexus necessary for survival needs and prosperity. In order to do this, organization,
division of labor (necessarily leading to social stratification) and growth (necessarily
leading to complexity) is necessary. In light of this, we therefore, deem social dynamics as
important, if not most important, than environmental determinism considerations with
both of them nested in a complex relationship.

Regarding the present days, an overlook of the case studies of USA and Sweden, saws
that the distribution of wealth follows, in general, an exponential curve.

Inspection in both panels of Figure 7.21 shows that both exponential and power-law
tails appear, with the former being more common than the latter. Characteristically, in the
year with the lowest earnings, 2002, the tail is clearly exponential, while in the year with
the highest earnings, 2021, the tail is clearly of power-law type. It is relevant to note that
year 2021, which was the most anomalous as the COVID-19 pandemic negatively affected
the economy globally, also brought the historically highest profits to the richest. This is
also seen in Figure 7.22, where the average of the 100 highest incomes in 2021 is
unprecedented and several times higher than the average of the previous years.

In recent years of it is reasonable to assume that the economic elites pursue a greater
share of the community wealth (Figure 7.21). In this respect, their function can be
twofold:

1. On the one hand, they advance both the technological limit and the average wealth.

2. On the other hand, they tend to modify the distribution of income from exponential to
Pareto, thus increasing the frequency of the poor and diminishing the middle class for
their own advantage.

The means to increase elites’ profits certainly include political power and, more
recently, an attitude to control the world. Their endeavour becomes more efficient and
acceptable by the society by several means they use, such as by overstating existing or

I' Documentary film: H {wf oAdowdg (Life in a different way). Santorini. Available online
https://www.ertflix.gr/series/ser.119961-i-zoi-allios (accessed 19 February 2022).
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non-existing threats, and then by presenting themselves as philanthropists (e.g., by
funding nongovernmental organizations dealing with these threats) and world saviours.
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Figure 7.22 Average and coefficient of variation of the 100 highest incomes in the world per year.
The coefficient of variation is calculated for the difference x — x,, where x, is the 100t highest
income value, so that it be representative for the entire population (see explanation in text).
Apparently, if they succeed in controlling the world, this will decrease entropy and
hence delimit freedom. In turn, this will lead to decadence, whose signs are already visible

in the Western World.
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Chapter 8. Cultural elements

Digression 8.A: Quantifying beauty

There is an eternal discussion of mathematical canons of proportion as models of beauty for
the human body: ancient Egyptian civilization; ancient Greece (Lysippos, Polykleitos); ancient
Rome (Vitruvius); Renaissance (Leonardo Da Vinci, Albrecht Diirer); modern times (Adolf Zeising,
David Hay, John Pennethorne, Mathieu Lauweriks, Jay Hambidge, Matila Ghyka and Le Corbusier)
(Figure 8.1) (Robins, 1994; Thapa, 2018).

The opinions of later philosophers on this pursuit of mathematicians for the analysis of
aesthetics were more varied. Leibniz, for example, believed that there is a norm behind every
aesthetic feeling which we simply do not know how to measure (Beardsley 1969). On the
contrary, Descartes supports that instead of regarding the aesthetic quality as an inherent
property of a physical object, the distinction of mind and nature has allowed humans to
incorporate their own subjective emotional, social and cognitive background in determining their
aesthetic preferences. Overall, it is evident that many artists knew and applied math and geometry
in their artwork (Figure 8.2) and many philosophers tried to connect math and arts. (Bulent,
2014; Akhtaruzzaman, 2012; Omotehinwa, 2013).
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Figure 8.1 Comparison of canons of proportion: Egyptian Canon; Ancient Greece Canon;
Leonardo da Vinci's Canon; Le Corbusier's Canon (Modulor).

Figure 8.2 Golden ratio in Da Vinci's artworks.

Although art is a mix of determinism (e.g., certain rules have to be followed) and stochasticity
(e.g., creativity and inspiration), we treat artistic works as a natural process and test whether art
paintings share a similar structure of dependence as do various natural processes.
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8.1 Stochastic evaluation of art portraits

In art paintings portraying human faces, the face is a focus point which condenses the
feeling of the painting. In order to evaluate how nature depicts in 2D first we first examine
the climacogram of photographs of human faces!, shown in Figure 8.3. Then we analyse
portraits from various artistic genres dating from medieval to recent times!, i.e., of
Byzantine art, Renaissance and Baroque and 20t century modern art Figure 8.5, Figure
8.7, Figure 8.9, Figure 8.11, Figure 8.13. We also analyse the self-portraits of Rembrandt
Harmenszoon van Rijn!'' and Pablo Picasso!V made in different periods of their lives. Each
2D photo and painting is digitized based on a grayscale colour intensity and the
climacogram is estimated based on the geometric scale rather than the average one

8.10, Figure 8.10, Figure 8.12, Figure 8.14).

Figure 8.3 Images of portrait photography. Photo’s courtesy of Kostas Mountrichas.

I Portrait photographers. Available online: https://fixthephoto.com/best-portrait-photographers.html
(accessed on 2 January 2021).

Top 10 Photographers. Available online: https://www.bwvision.com/top-10-photographers/ (accessed on
2 January 2021).

The 10 Most Famous Portrait Photographers in the World. Available online:
https://blazepress.com/2014/12/10-famous-portrait-photographers-world/ (accessed on 2 January
2021).

Il Data retrieved on 2021-01-2 by

Painting: https://en.wikipedia.org/wiki/Painting

Portrait painting. Available online: https://en.wikipedia.org/wiki/Portrait_painting

Speranzas Spyridon (Byzantine artist). Available online: https://paletaart.wordpress.com/

Cretan School. Available online: https://en.wikipedia.org/wiki/Cretan_School

Italian Renaissance painting. Available online: https://en.wikipedia.org/wiki/Italian_Renaissance_painting
Albrecht Diirer. Available online: https://en.wikipedia.org/wiki/Albrecht D%C3%BCrer

Titian. Available online: https://en.wikipedia.org/wiki/Titian (accessed on 2 January 2021).
Impressionism. Available online: https://en.wikipedia.org/wiki/Impressionism

20th-century art. Available online: https://en.wikipedia.org/wiki/20th-century_art
Il Rembrandt. Available online: https://en.wikipedia.org/wiki/Rembrandt (accessed on 2 January 2021)

IV Pablo Picasso self-portraits. Available online: https://mymodernmet.com/pablo-picasso-self-portraits/
(accessed on 2 January 2021).
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Figure 8.4 (a) Climacograms and; (b) standardized climacograms of the images in Figure 8.3
(Hurst parameters ranging from 0.76 for the lower left image to 0.91 for the upper right, averaging
to 0.87).

2

Figure 8.5 (a) Images of portrait paintings from the Renaissance and Baroque periods.
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Figure 8.6 (a) Climacograms and; (b) standardized climacograms of the paintings in Figure 8.5
(Hurst parameters ranging from 0.90 for the lower left image to 0.94 for the lower right, averaging
to 0.92).
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Figure 8.7 Self-portraits of Rembrandt in chronological order.
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Figure 8.8 (a) Climacograms and; (b) standardized climacograms of the paintings in Figure 8.7
(Hurst parameters ranging from 0.87 for the lower right image to 0.95 for the upper left, averaging
to 0.92).

Figure 8.9 Images of portrait paintings of 20th century art.
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Figure 8.10 (a) Climacograms and; (b) standardized climacograms of the paintings in Figure 8.9
(Hurst parameters ranging from 0.88 for the lower left image to 0.93 for the upper left, averaging
to 0.90).

Figure 8.11 Self-portraits of Pablo Picasso in chronological order.
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Figure 8.12 (a) Climacograms and; (b) standardized climacograms of the paintings in Figure 8.11
(Hurst parameters ranging from 0.73 lower second from the left image to 0.91 lower in the middle,
averaging to 0.83).
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Figure 8.14 (a) Climacograms and; (b) standardized climacograms of the paintings in Figure 8.13
(Hurst parameters ranging from 0.72 for the lower left image to 0.86 for the upper right, averaging
t0 0.79).

The Hurst parameter is estimated for each image set and shown in Table 8.1.

For each painting, we calculated the coefficient of variation of the original image at
scale 1, which, by definition, is the standard deviation of brightness divided by the
average. We then calculated the average of all the images of each set. A high value of the
coefficient of variation shows that, in each set there is a broad range of brightness in
paintings for the same average brightness. The average coefficient of variation of each set
is presented in Table 1.

Results show an interesting insight. Renaissance/Baroque and Rembrandt’s self-
portraits which follow the most naturalistic aesthetic approach, have a strong dependence
structure similar to photos and of various hydrometeorological processes (estimated
H=~0.9). A strong dependence structure is also observed in the portraits of 20t century
(estimated H~0.9) and Picasso’s self-portraits (estimated Hx0.85), yet with a bigger range
of fluctuations, indicative of the artistically freer and nonrepresentational approach of
modern art. The most interesting insight however is that the portraits belonging to the
Byzantine art period show a weaker dependence structure (estimated Hx0.8), which is
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closer to white noise. This attribute seems consistent to the theology of Christian’s
Orthodox dogma dictating a specific type of representation of saints and religious figures.

1 1
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@ =B-Byzantine fresco @
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==Rembrandt
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Figure 8.15 Average of standardized climacograms of different sets (b) Coefficient of variation of
the climacograms of the different image sets.

Table 8.1 Average Hurst parameter H and coefficient of variation of the climacograms g(k) of the
exanimated sets.

Renaissance Self- Portrait Self-
Portrait . paintings of portraits of Byzantine
and Baroque portraits of
photography . 20th century Pablo art, fresco
periods Rembrandt .
art Picasso
E
[}
2 g 0.87 0.92 0.92 0.90 0.83 0.79
ER:
T o
0.726 0.609 0.647 0.524 0.445 0.379

Coefficient
of variation

In order to evaluate the different sets, averages of climacograms thereof are plotted
(Figure 8.15a). To quantify the range of fluctuations of the climacograms, for each scale
k we calculated the coefficient of variation of all standardized climacograms, g(k). Figure
8.15b shows the graphs of g(k) vs. k for all examined cases, indicating the range of
fluctuations from the average climacogram of each set.

Since prehistoric art creations, art was related to, and inspired by natural forms.
Aristotle said! that “art takes nature as its model”, and “...not only imitates nature, but also
completes its deficiencies”. Furthermore, Plato connected arts with ideas, the soul and the
idealistic expression (Beardsley, 1976; Sargentis, 2005).

I Aristoteles, Poetics, AplototéAng, llomtucy 1447a, 19-23. Translated and with a Commentary by George
Whalley, Edt. John Baxter and Patrick Atherton, McGill-Queen’s University Press, London 1997.
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Around 20t century, artists embraced an alternative way of expression by focusing
more on modern society habits and deviating from naturalistic themes and related
representation. Even more, artists then found Nature’s complexity obsolete. Paul Klee
noted that “Nature is garrulous to the point of confusion, let the artist be truly taciturn.”
(Klee, 1968). One may argue however that the uncertainty within ourselves that drives all
forms of art, is the same inherent uncertainty of nature that was used subconsciously as
inspiration. If this is true, then we should be able to find stochastic similarities between
art projects and natural processes imprinted in the estimated variability vs. scale.

The results of this study provide grounds to this hypothesis as patterns can be
observed in the dependence structure in photographs and portraits of
Renaissance/Baroque which represents the most naturalistic approach, having similar
moderate structure (photo, average H~0.87; Renaissance/Baroque, average H~(0.92). A
similar Hurst parameter was estimated by Hurst in his pioneering work on the stage of
the river Nile (Hurst, 1956; Cohn, 2005; Koutsoyiannis et al., 2008) and, additionally, in
global-scale analyses of the long annual records of key hydrometeorological processes
such as temperature and wind speed as well as of small-scale processes recorded in the
laboratory such as grid-turbulence and turbulent jets. An overall Hurst parameter (H)
equal to 0.9 is observed in all hydrometeorological processes (after adjusting for bias; a
task that is often neglected in stochastic analysis (Dimitriadis and Koutsoyiannis, 2019;
Koutsoyiannis, 2016, loannidis et al., 2019).

Patterns can also be observed in the art portraits of 20th century yet with a bigger
range of fluctuation as modern artists wanted to express their ‘own’ view of nature away
from what they perceived as “nature's monotony” (Apollinaire, 1913; Sargentis, 1998).
Interestingly, though, although the aesthetic means employed are indeed markedly
different from older naturalistic paintings, the stochastic variability of modern art
portraits is still on average close to the one found both in the most naturalistic paintings
and in natural processes itself, revealing an overall Hurst parameter (H) equal to 0.9.

Another related validation is the evaluation of self-portraits during the lifetime of
Rembrandt’s and Picasso. Rembrandt’s works exhibit stochastic similarities and a strong
dependence structure (average H=0.92) whereas Picasso’s self-portraits show a wider
range of fluctuation (Figure 17b).

Sant Gregory of Nyssa (Aytog I'pnydptog Nvoong) (died c. 395 AD) describes how the
creation of Byzantine art is connected with the spirituality of the artist “man is the painter
of his life, creator of paintings is artists’ motive”«tn¢ tdilag éxaotos {wr¢ eati {wypdpog,
teyvitne 6¢ s [{wypapikng] Snutovpyias Tavtne eotiv n mpoaipeaic» (Sant Gregory of
Nyssa, 1980). The portraits of Byzantine art, a religious art serving the purposes of the
Christian’s Orthodox dogma. An interesting note is that Byzantine art portraits
correspond to a weaker dependence structure (0.7 < H < 0.85) than that of the other
genres, with wide range of fluctuation at small scales and small range of fluctuation at
large scales, closer to white noise. This might be explained considering that these
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paintings depict religious figures being in divine states of mine!, often praying (Gerontos
Paisiou Agioritou, 2012). The meaning of pray in Orthodox dogma is described in one of
the most important theological books of Orthodox, Philokalia (@wlokaAia)!, which
contains the writings of the Eastern Fathers from the fourth to the fifteenth centuries. In
this work, Saint Nilus of Sinai (Ayto¢ Neidog o Xivaitng) (died c. 430 AD), teaches that the
mind must be “deaf and mute during prayer” «Aywvicov va kpatdg To vou 6ov ThV wpa
TNG TPOOEVXNS KOUPO Kat adalo.» and “when you pray, do not accept any form or shape...”
«MnVv eMISLWOKELS VA SEXTEIS TNV WP TNG TPOTEUXNS UE KAVEVA TPOTIO HopPn 1 oxnua». The
identified stochastic structure corresponds to this theology as this ideal of religious
figures experiencing a divine humbling experience is better delivered with weaker
dependence structures.

Stochastic Analysis of Da Vinci's Virgin of the Rocks)

One more example of the stochastic methodology is the evaluation of Da Vinci's
painting Virgin of the Rocks (Italian: Vergine delle rocce; sometimes the Madonna of the
Rocks) by the relations of climacogram’s curves.

Virgin of the Rocks is the common name of two paintings by Leonardo da Vinci, on the
same subject. The compositions are very similar but present several significant details.
The version generally regarded as the prime version, the earlier of the two, is in the
Louvre in Paris and has not been not restored (Figure 8.16a). The other, is in the National
Gallery London, and was restored between 2008-2010 (Figure 8.16b).

Both paintings are ascribed to Leonardo da Vinci. Originally, they were thought to have
been partially painted by Leonardo's assistants. A closer look at the painting during the
recent restoration has led the conservators of the National Gallery to conclude that the
greater part of the work is by the hand of Leonardo, but the debate continues!!. Parts of
the painting, the flowers, in particular, indicate the collaboration and have led to
speculation that the work is entirely by other hands, possibly Leonardo's assistant
Giovanni Ambrogio de Predis and perhaps EvangelistalV.

I'Holy Bible, New Testament, Mathew (Katd MatBaiov) 22,37; Mark (Katd Mépxov) 12,30; Luke (Katd
Aovka) 10,27,Available online: http://www.apostoliki-
diakonia.gr/bible/bible.asp?contents=new_testament/contents.asp&main= (accessed on 4 February
2021).

Il Philocalia (@oxaAia), edt. loannou Mavrogordatou (Iwé&vvouv Mavpoyopddtov), Venice 1782, Greek
translation, available online: https://greekdownloads.wordpress.com/@AokaAia/ (accessed on 2 January
2021).

Il "The Virgin of the Rocks: Da Vinci decoded", Jonathan Jones, The Guardian, 13 July 2010. Available online:
https://www.theguardian.com/artanddesign/2010/jul/13 /the-virgin-of-the-rocks-leonardo-restoration
(accessed on 2 January 2021).

V*The daffodil code: doubts revived over Leonardo’s Virgin of the Rocks in London", Dalya Alberge, The
Guardian, 9 December 2014. Available online:
https://www.theguardian.com/artanddesign/2014/dec/09/leonardo-da-vinci-virgin-rocks-louvre-
national-gallery (accessed on 2 January 2021).


https://www.theguardian.com/artanddesign/2010/jul/13/the-virgin-of-the-rocks-leonardo-restoration
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Figure 8.16 Leonardo da Vinci's Virgin of the Rocks: Areas of analysis; (a) Louvre version, 1483-

1486; (b) National Gallery, London, before 1508
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Figure 8.17 Standardized climacograms of Leonardo da Vinci’s Virgin of the Rocks and averages
thereof. Notice that the curve of the Louvre version is closer to the average of standardized
climacograms of the National Gallery of London version.

The review of Da Vinci's Virgin of the Rocks paintings with the utilization of stochastic

analysis shows that both paintings differentiate from Da Vinci's stochastic forms.

I Leonardo da Vinci’s Virgin of the Rocks. Available online:

https://en.wikipedia.org/wiki/Virgin_of_the_Rocks (accessed 5 March 2022)


https://en.wikipedia.org/wiki/Virgin_of_the_Rocks
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However, the Louvre version is closer to what Sargentis et al. have define as Da Vinci's
stochastic Golden Climacogram (Sargentis et al., 2020) (Figure 8.17). A closer view in the
frames of Madonna (Figure 8.18) and Angel (Figure 8.20) shows that, in stochastic
terms, both of them are very close to Da Vinci's Golden Climacogram but again the Louvre
version is closer to Da Vinci's stochastic Golden Climacogram (Figure 8.17, Figure 8.19).
Thus, we could make the conjecture that the wider drawing of the painting might have
been done by someone else and these details by Da Vinci.

(b)

Figure 8.18 Leonardo da Vinci’s Virgin of the Rocks, Madonna. Areas of analysis; (a) Louvre
version, 1483-1486; (b) National Gallery of London, before 1508; (c) Preparation of analysing
(one image on top of the other).
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Figure 8.19 (a) Climacograms; (b) standardized climacograms of Leonardo da Vinci’s Virgin of
the Rocks (Madonna), and averages thereof. Notice that curve of Louvre version is closer to the
average of standardized climacograms of Da Vinci's artworks than the curve of National Gallery
of London.
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Figure 8.20 Leonardo da Vinci’s Virgin of the Rocks, Angel. Areas of analysis; (a) Louvre version,
1483-1486; (b) National Gallery of London, before 1508; (c) Preparation of analysing (one image
above the other).
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Figure 8.21 (a) Climacograms; (b) standardized climacograms of Leonardo da Vinci’s Virgin of
the Rocks (Angel), and averages thereof. Notice that curve of Louvre version is closer to the
average of standardized climacograms of Da Vinci's artworks than the curve of National Gallery
of London.

8.2 Stochastic evaluation of the transformation of the landscape

Works of technological and civil infrastructure support the needs of human society but
generate important transformations in multiple scales to urban and natural landscapes.
These transformations become even more perceivable when they are made in landscapes,
either urban or natural, of historical and cultural significance. Landscapes (castles,
traditional settlements, sacred places, etc.) bear the spirit of the place (Latin: genius loci)
(Pope, 1731) and their transformation with modern infrastructures can impact both the
sensual experience of the visitor, as well as his mental understanding of the place.

In urban environments, transformations are generated by installation of small-scale
technological infrastructure (air conditioning units, solar water heaters, plastic water
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tanks), while in natural landscapes transformations are mostly caused by civil
infrastructure such as renewable energy projects (Ioannidis and Koutsoyiannis, 2020),
roads and electricity transmission networks.

Various methods have been developed for the management and mitigation of these
landscape impacts from civil works. These methods are used to quantify and evaluate
visibility and generated visual impacts and overall, to assess the significance of aesthetic
transformations to landscapes. Such methods range from photo-montage and digital
representation to Geographic Information Systems (GIS) viewshed analyses (Sargentis et
al,, 2005a).

The preservation of landscape as a part of natural and cultural heritage (Krebs, 2014)
is a requested to the sustainability of human developments in a changing world (Ellison,
2014). EU define the landscape as: “part of the land, as perceived by local people or
visitors, which evolves through time as a result of being acted upon by natural forces and
human beings”l. Changes to landscapes from infrastructure projects can be considered
both positive (loannidis et al., 2022, Ioannidis 2022), by the transformation of landscapes
with respect to cultural and natural landscape elements; (b) and negative; by the
transformation of landscapes with repeated use of industrial elements without landscape
planning. Infrastructure’s installation, recently occurs political problems related to
transformation of landscape! (Manta et al., 2020).

The aesthetical value of the landscape is in its essence a political problem!' (Wascher,
2000; Wascher 2005) which characterizes the socio-economic development and
determines quality of life (Blaschke, 2006). The aesthetic evaluation is widely accepted as
a subjective process in philosophy (Guyer, 1997) thus many researchers classify their
approach as subjective (Shafer et al., 1969; Cook and Cable, 1995; Forman and Godron
1986; Stefanou, 1994; Stefanou, 1980) on the other hand, other researchers have tried
to find some objective rules, indicators and proxies (Franklin and Forman, 1987; Adam,
1982) to evaluate the aesthetical value of the landscape. Using modern technological tools
such as Geographic Information System (GIS) analysis methods which facilitate Decision
Makers to identify for example the most valuable or the most critical areas, according to
the landscape value, and help in the design of suitable policies of short-medium or long-

' The European Landscape Convention of the Council of Europe, Available online
https://www.coe.int/en/web/landscape (Acceded 9 October 2020)

Greek Law 3827/2010: Ratification of the European Landscape Convention, Nopog 3827/2010 - ®EK
30/A/25-2-2010, Kopwon g Evpwraikng XOupfacng touv Tomiov https://www.e-nomothesia.gr/kat-
periballon/n-3827-2010.html (Acceded 22 December 2020)

' NO-TAV movement against High Speed Train, Val di Susa Italy. Available online:
https://ejatlas.org/conflict/no-tav-movement-against-high-speed-train-val-di-susa-italy =~ (Acceded 22
December 2020)

I German Federal Nature Conservation Act, 2010. Bundesnaturschutzgesetz (BNatSchG). Gesetz iiber
Naturschutz und Landschaftspflege. First version 14.05.1967, Actualized 01.03.2010, Bundesgesetzblatt
1/2010, p. 2542.
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term!. Through image segmentation and other more sophisticated methods, researchers
in 21th century tried to minimize the subjective elements of this issue, quantifying
existing or new indicators and proxies (Vukomanovic, 2014; Morris, 2009; Cureton, 2017;
Evert, 2010; Cloquell-Ballester, 2012; loannidis, 2022)

Schonthaler et al. (2003) note that there must be a necessary reduction of complexity
of environmental monitoring and a specific selection of a few and relevant variables in
order to answer related questions. Therefore, we will define the clustering of
infrastructures as a simple proxy of Focus Points (FPs) in the impact of the aesthetic value
of the landscape.

FPs are elements that attract our vision, which affect the perspective we have on a
landscape. A FP is defined as the part of the landscape which it is distinguished in terms
of texture, color or size and attract our vision (Appleton, 1975a). A Magnetic Focus Point
(MFP) is defined as the part of the landscape which has the characteristics of a FP and is
also a pleasant aesthetic element (Gobster, 1999).

We often see MFPs in our view. An MFP can be, for example, a statue, a beautiful house,
or a lake (Appleton, 1975; loannidis and Koutsoyiannis, 2020; Sargentis, 2005). On the
other hand, a common type of visually unpleasing or even repellent FPs are industrial
installations or other civil infrastructures in landscapes.

It is widely accepted that the visibility of a FP impacts its environment. This so-called
visual impact, is in part subjective (Frank, 2013), and can extend from few centimeters if
the examined FP is a jewelry to several kilometers if the examined FP is a work of civil
infrastructure (Figure 8.22). In terms of civil infrastructures, this visual impact of
landscape is approached with methods of visibility analysis, e.g. with the mapping of
Zones of Theoretical Visibility (ZTVs) (Wood, 2000; Ross, 2009; de Vries et al,, 2012; de
Vries et al,, 2013).

I Environmental Impact Assessment - EIA (EU Directive 85/337/EEC). Available online:
https://ec.europa.eu/environment/eia/eia-legalcontext.htm (Acceded 22 December 2020)

Protocol on Strategic Environmental Assessment to the Convention on Environmental Impact Assessment
in a Transboundary Context (SEA Protocol, Kyiv 2003) (EU Directive 2001/42/EC). Available online:
https://ec.europa.eu/environment/eia/sea-legalcontext.htm (Acceded 22 December 2020)

Greek Law 1225/B/5-9-2006: Environmental impact assessment, Extiunon twv mepBarlovtikmv
ETUTTWOEWYV, dEK 1225/B/5-9-2006, Available online: http://www.et.gr/idocs-
nph/search/pdfViewerForm.html?args=5C7QrtC22wFGQ40gSLPFOXdtvSoClrL87i]x0]CjFxoliYHTRwLO-
0JInJ48_97uHrMts-zFzeyCiBSQOpYnTOOMHhcXFRTstozpnVPh-wD]B4JwgNEuTBoWXYHbbtnvArd9-
3ui3jc. (Acceded 22 December 2020)
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@ (b)

Figure 8.22 Focus Points (a) Signet ring; Egypt; 664-525 BC; gold; diameter: 3 x 3.4 cm; British
Museum (London) with a few centimeters ZTV!; (b) Statue by Henry Moore, Oval with Points,
height 3.32m, 1970; with a few hundred meters ZTV!; (c) Plastiras Lake landscape created by an
artificial lake of 24 km?2",

Comparing images
A FP can be perceived in different ways. One observer can view the FP without any barrier

or filter in one part of the scenery, or with barriers or filters. If an observer beholds a FP
without any barrier or filter then the FP is revealed intensively (Hatzistathis and Ispikoudi
1995).

When a FP appears in the scenery, we have to examine how this FP can be discernible
from different locations. This depends on the distance, the barriers, and the filters located
between the FP and the observer.

Utilizing 2D-C a novel qualitative-perceptual evaluation methodology was developed.
Images from landscapes of urban or natural character that are associated with cultural
heritage are analysed to review their transformation by infrastructure of various scales
(Figure 8.23). Using the 2D-C tool the degree of variability was calculated for the images
of such landscapes as well as the change in variability vs. scale, among images (Figure
8.24).

The 2D-C analysis of civil infrastructure generates interesting insights and be used to
evaluate existing or potential transformations, with 3D modelling and photo-montage.
Through the generation and analysis of visual representations of different proposals for
interventions in the urban or natural landscape, 2D-C can become a useful tool for
minimizing visual impacts and alterations and preserving cultural heritage in both urban
and natural landscapes.

IJewellery. Available online: https://en.wikipedia.org/wiki/Jewellery (accessed on 2 October 2020).

Oval with Points: Available online: https://en.wikipedia.org/wiki/Oval_with_Points (accessed on 2
October 2020).
I Oval with Points: Available online: https://en.wikipedia.org/wiki/Oval_with_Points (accessed on 2
October 2020).

Il plastiras lake. Available online: https://el.wikipedia.org/wiki/Aipvn_Aactipa (accessed on 2 October
2020).
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Figure 8.23 (a) Alley in the medieval settlement in Bari (Italy) - urban landscape transformed
with A/C; (b) Fyriplaka, traditional settlement in Cyclades (Greece) - urban landscape
transformed by solar heaters and water tanks; (c) Slope in Greek island with high
attraction of tourists - positively perceived natural landscape transformed by wind turbines.

B- Original landscape == Transformed landscape — White noise
].O 4 4 E Olg...g
O Og
= A
S~ o
Ol T 1 T 1 T 1
1 10 100 1 10 100 1 10 100

k k k
(a) (b) (c)
Figure 8.24 Standardized climacograms of images in Figure 8.23.

In Figure 8.25 the method is used in a theoretical scenario of installation of two wind
turbines in a landscape containing a settlement of high value for cultural heritage.
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Different positions of the turbines are examined aiming to achieve the minimum visual
disturbance to the examined landscape, using the minimum transformation of the original
image as a metric of impact (Figure 8.26). It has to be noted that this analysis is
investigative and no such project has actually been proposed.

(b)
Figure 8.25 Vathia medieval byzantine town in Mani (Greece); (a) Original landscape; (b)
Transformed by wind turbines in the left; (c) Transformed by wind turbines in the centre.
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Figure 8.26 Standardized climacograms of images in Figure 8.25.

For the quantification of the difference between climacograms, we subtracted their
values for each scale (Figure 8.24, Figure 8.26):

R(k) = ]/(K) original image = }/(K') transformed image (817)
where y; and y; are the climacogram estimations of the original image and the
transformed image, respectively.

In example (Figure 8.23) transformations in three different landscapes were
examined and it was concluded that the most impactful transformation was in the natural
landscape of a Greek island from the installation of wind turbines.

In example (Figure 8.25) two different positions were examined, for the theoretical
scenario of the installation of wind turbines in the proximity of a traditional settlement.
The results indicate that the most visual heterogeneity, in relation to the original image,
was caused with the insertion of the wind turbines in the center, rather than in the side of
the image. This quantification of visual alteration can be utilized for comparative analyses,
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either independently, for the analysis of differences in visual heterogeneity, or in
combination with other existing methodologies for visual impact assessment.
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Figure 8.27 Evaluation climacograms with the alteration of original vs. transformed landscapes;
curve (a) Alley in the medieval settlement in Bari; curve (b) Fyriplaka, traditional settlement in
Cyclades (Greece); curve (c) Natural landscape in Greek island with attraction of tourism .
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Figure 8.28 Evaluation climacograms with the alteration of original vs. transformed landscapes;
curve (a-b) Transformed landscape with wind turbines in the left; (a-c) Transformed landscape
with wind turbines in the center.

Aesthetical issues of Plastiras lake

Plastiras reservoir is an artificial lake in Greece, generated by the arched dam of the same
name and famous for its beautiful landscape (Hadjibiros et al., 2005; Sargentis et al,,
2005a; Sargentis et al., 2005b; Sargentis,1998). Plastiras lake is a unique example of how
civil infrastructures can be integrated into landscape sustainably and create beautiful
artificial landscapes that attract viewers and support a multi-dynamic sustainable
development.

We chose this case study because previous work based on questionnaires (human
judgment), theoretical analysis, and field research of landscapes have shown that water
is perceived as an MFP in the landscape and also that observers perceive the south part
of the Plastiras reservoir as more beautiful than the north part of the reservoir. When an
expert looks at data and images, this conclusion could be also reached due to other
landscape-parameters, but in this case the validation of the positive character of the
landscape by public perception is correlated with quantitative visibility analysis. Based
on previous research, we can validate the presented-novel methodology utilizing the past
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knowledge of the problem and the public’s perception. Twenty years ago, when the initial
analysis of the problem was carried out, we only had qualitative tools at our disposal.
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Figure 8.29 Purple line: theoretical line that separates the north and south part of the landscape;
yellow and red lines: main peripheral reservoir roads; red dots and shadowed cones: positions of
pictures and direction of views of the landscape (Figure 8.30, Figure 8.31, Figure 8.32).

In order to evaluate the view of the landscape we select characteristically pictures from
the data base of previews landscape research project. Each picture is marked in the map
and we know exactly the date and level of the lake. Obviously, an observer will see infinity
views as “pictures” but in summary we present the most characteristics which were
extract as results of previous research defining (aesthetically) the north and south part of
the lake.

It is important to note that these pictures are selected trough questionaries and
express the typical views for the majority of the observers.
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(b) (c)

Figure 8.30 Plastiras reservoir south part; Viewpoints of Figure 6 (a) S.a; (b) S.b; (c) S.c; First row,
original view; Second row, transformed images without lake.

A
'\

(a) | (©

Figure 8.31 Plastiras reservoir north part; Viewpoints of Figure 6 (a) N.a; (b) N.b; (c) N.c; First
row, original view; Second row, transformed images without lake.
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(a) (b) (c)

Figure 8.32 Plastiras reservoir north part; Viewpoints of Figure 6 (a) N.d; (b) N.e; (c) N.f; First
row, original view; Second row, transformed images without lake.

Trying to quantify why the landscape of the south part is visually more pleasing than
the landscape of the north part, we transformed the scenery (removing the lake), as can
be seen in the second row of Figure 8.30, Figure 8.31, Figure 8.32. The evaluation
climacograms of the alteration of original images (with the lake) v.s. transformed images
(without the lake) of the landscape, shows that the south part of the lake is transformed
more intensively from the lake (Figure 8.33). This could explain why the observers are
more impressed by the south part of the landscape and find its landscape more beautiful,
as this part is transformed more intensively in relation to the (theoretical) original image
(without the lake).

In order to evaluate the differences in the landscape integration of the reservoir in each
case, due to the differentiation of water presence in the north and the south part of the
lake (Figure 8.34) we evaluated the respective climacograms of presence of water in the
landscape (Figure 8.34, Figure 8.35) and the corresponding ZTV maps of the reservoir.
These demonstrated that clustering of the north part of the reservoir is more intense than
clustering of the south part of the reservoir where the water is more dispersed in the
landscape.
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Figure 8.33 (a) Evaluation climacograms with the alteration of original vs. transformed scenery
(b) averages of the north and south part of the lake.

Investigating the clustering of the ZTVs we calculated the ZTVs that correspond to the
same road distance (~11.5km) for the north and south part of the landscape (Figure 11).

As demonstrated in Figure 12, the results show that the south part of the lake has a fainter
clustering of ZTV than the north part of the lake.

(b) (c)

Figure 8.34 (a) Plastiras reservoir; (b) presence of water in the north part of the lake; (c) presence
of water in the south part of the lake.
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Figure 8.36 (a) Plastiras reservoir; (b) Examined sections of road; (c) ZTV of the south (red) and
north (yellow) parts of the reservoir.

In the south part of the landscape, we observe faint clustering of ZTV. That means that
the lake which is perceived as a MFP with positive landscape impact, has more spread
dispersed visibility in the south part of the landscape than in the north part (Figure 8.36,
Figure 8.37).

Therefore, minimum clustering and increased spread of a MFP in a landscape is
positive to the observer, which is also intuitive and also in accordance to previous
research. On the contrary, maximum clustering and limited spread of a negatively
perceived FP can contribute to minimizing its landscape impact.
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Chapter 9. Conclusions

“Reality is something that refuses to obey our wishes”!

Even if our fantasy favours the existence of an imaginary world, which is deterministic
and predictable, environmental-friendly with total equality, green development, the truth
is that the access to WEF nexus, social cohesion and social stability are the primary issues
of prosperity.

In Chapter 2, we saw that the access to WEF nexus is the primary need for prosperity.
We also saw that a big part of the humanity lives in lower standards than antiquity
showing that humanity has not made great progress in the last 2000 years.

In Chapter 3 we showed that clustering/partitioning of society and the distribution of
wealth are main issues of societies’ shape as:

a) Clustering is related to the functioning of economies of scale which support the
economy and the prosperity of the society.

b) Partitioning is related to the functioning of protection.

c) Entropic analysis of the wealth distribution identifies exponential distribution as the
optimum in terms of social stability.

In Chapter 4, we introduced new stochastic tools which have been developed for the
evaluation of clustering in two dimensions and the evaluation of social stability under an
entropic view.

In Chapters 5-8 we performed an evaluation of case studies. The conclusions are
summarized in the following paragraphs.

9.1 The water-energy-food (WEF) nexus

Real wealth is water-energy and food. Humanity hunts it with large scale infrastructure
as economies of scale made this more efficient. An investigation of the range of population
in Roman Athens and the estimation of the range of the water footprint of the
consumption of domestic use per Athenian shows that according to the global data, there
are about two billion people in present with less water footprint for consumption of
domestic uses than the minimum water footprint of an Athenian in Roman era. We also
found that according to global data, about 1.4 billion people live with less access to food
than the average wheat-wage in Roman Athens. These examples show that humanity has
not made a great progress in the last 2000 years.

The concept of a water-energy-food (WEF) nexus was manifested as a natural
resource management approach, aiming at promoting sustainable development at the
international, national, or local level and eliminating the negative effects that result from
the use of each of the three resources against the other two. At the same time, the

I'Much Wants More And Loses All. Available online: https://gefira.org/en/2022/03/11/much-wants-more-
and-loses-all/ (accessed 13 March 2022)
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transition to green energy through the application of renewable energy technologies is
changing and perplexing the relationships between the constituent elements of the nexus,
introducing new conflicts, particularly related to land use for energy production vs. food.

Specifically, one of the most widespread green technologies is photovoltaic (PV) solar
energy, now being the third foremost renewable energy source in terms of global installed
capacity. However, the growing development of PV systems results in ever expanding
occupation of agricultural lands, which are most advantageous for siting PV parks.
Initially, the development of PV parks requires a large investment fund, but in its life cycle,
the revenue of energy production and the negligible water demand highlight this scenario
as the best solution for the case study in Thessaly plain.

Nonetheless, whereas energy is essential for prosperity, it is not edible, thus food
security is first priority. Moreover, we observed that, financially successful cultivation
paradigms (such as kiwifruit production) and ideas which are not adjusted to the local
characteristics of the area could be very harmful and very unsustainable.

9.2 External shape: clustering, partitioning

Clustering is both a natural and a human social tendency that comes with different
qualitative consequences with scaling, i.e., the properties of large scales cannot be derived
from the ones of small scales. In these terms, as both the scales of current societies and
that of engineering projects increase, it is of paramount importance to understand both
the structure of spatial clustering and its temporal evolution. To this aim, we show a
stochastic method of general applicability for the quantification of the temporal evolution
of spatial clustering as a tool to assess, monitor and potentially predict elements of global
changes.

The tool called 2D-C (2D-Climacogram) quantifies the variability of images through the
variance of the brightness intensity in grayscale. Upon a careful selection of images
representing spatial information, we can derive a quantification of clustering over time
that is useful for either quantitatively characterizing known spatial changes, as
urbanization, and tracking their temporal evolution, or even revealing spatial patterns
that are less expected, i.e., pertaining to feedback loops between anthropogenic
interventions and natural variability. We present a range of applications for (a) the
natural sciences, in terms of the evolution of the universe as suggested by cosmological
simulations and of ecosystems, such as forests and lakes, and (b) for human sciences
dealing with social structures, as revealed by the evolution of worldwide cropland data,
satellite images of night lights and spatial data on urban land cover.

Our results support the concept that there is a tendency for clustering both in the
natural and anthropic world, yet this tendency is scale-dependent as beyond a certain
scale it may as well be dissolved or replaced by a structure of another quality. We have
seen that in the evolution of the universe clustering increases and decreases depending
on the scale of view, and structures that have grown and seem at a certain scale to be
merging (galaxies, clusters, super clusters, etc.), in other scales are moving apart. In
biological life clustering is related to saving of energy resources, as in in mammals, but it
is not stable to threats; for instance, dinosaurs disappeared. The case studies on
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ecosystems, namely the Borneo and Amazon forests and the lakes in Greece, show that
the stochastic clustering methods offers an effective characterization of the evolution of
ecosystems revealing clustering and partitioning patterns. In many cases, the interplay of
natural and human-driven variability is difficult to discern and proves unpredictable in
terms of evolution. Such a counterintuitive case is the found increase in ecosystem
variability stemming from anthropogenic interventions such as dams.

Clustering and partitioning periods are apparent in nature as also revealed by our case
studies, as well as in human social structures. There are local examples of partitioning, i.e.,
related to wars, famines or nuclear and natural disasters, but our case studies show an
overall positive clustering trend. Specifically, in our study of long-term worldwide
cropland data and London’s evolution, we have found that the rhythm of clustering
dramatically increased since the industrial revolution, whereas urbanization followed
this overall positive trend till the present time. This is in accordance with the widespread
belief that larger human clustering structures enhance efficiency (e.g., through economies
of scale). Yet it is becoming increasingly evident that clustered human structures come
with increased risks as well. For instance, in the economy increasing clustering comes
with increase in systemic risks, while centralization of infrastructure and resources
increases vulnerability of the population during failure or war.

Despite the vast benefits resulting from centralized social structures during the last
centuries, it is tempting to consider an alternative social distribution in space, perhaps a
sparser and more decentralized one, taking example of the evolution of natural structures
that are driven by uncertainty.

The large-scale infrastructures of water supply system, was a key factor for Athens’
growth. If we consider that the Athenians would like to stay in Athens with the current
life style but without the hydraulic infrastructures, they would certainly decide to build
them. Indeed, given that before the big infrastructures they were paying for water about
400 €/m3 (almost the same price of bottled water today), they would have made
amortization of the capital for infrastructure or water supply system in less than a month!
Therefore, it seems that economies of scale in hydraulic works are obviously a key for the
development of the city. According to the data analysed, the question of scale, in the case
of the Athenian water supply system, is highlighted from the following facts: (a) the cost
of the infrastructures of hydraulic works, necessary for the development of the city, was
minimized with large-scale infrastructures; (b) the price of water was significantly
reduced with the construction of large-scale infrastructures; (c) the infrastructures
constructed led to increased water consumption; (d) the water supply system of Athens
depends on natural resources from basins far away from the city but the small number of
large-scale reservoirs minimized the length of the aqueducts; (e) large concentration of
population in Athens is obviously capital intensive for water management.

We can see also that partitioning of the forests is a way of protection even if it is not
widely acceptable. Forests are admirable and complex natural ecosystems, and fires,
albeit devastating, can be attributed to both human activity and to natural processes that
contribute to their rebirth, with the latter constituting an intrinsic and perpetual process
of the forest ecosystem. Other than their important ecological value, forests are, in the
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21st century, also a capital resource, for many people’s livelihoods depend on them. In
this study, we proposed a method for taking mitigation measures against wildfires based
on the partitioning of forests, considering both the protection of the ecosystem and the
inhabitants and aiming to utilize their co-dependent nature for the general protection and
preservation of forests. As a case study, we show that the current devastating fire in
Euboea (occurred in August 2021), initially in terms of the spatio-temporal progression
of the actual wildfire that lasted several days and then by examining how an
implementation of the proposed method in the study area could contribute to both the
recovery of the ecosystem and the enhancement of the quality of life of the inhabitants as
well as their long-term protection.

9.3 Internal structure of society: distribution of wealth

Human civilizations have survived through natural disasters and in hostile environments.
We see from different examples that when there was advanced social organization, the
society could overpass environmental issues as Minoan did it with a volcano eruption or
climatic changes around 1500 BC. We have also seen several studies which failed to
predict or model society structures (past or present) based on environmental criteria
alone. In addition, it is an undeniable fact that when social organization collapses,
societies cannot survive.

The case of the Minoans illustrates that the key to a civilization’s ability to thrive is the
focus in large-scale infrastructure and technology that improves the living conditions.
This presupposes but also enhances the society’s organization. The Gini coefficient in
Knossos c. 1500 BC, is estimated about 0.5. This value, corresponds to the exponential
stratification which is referred to the entropic index of inequality &, [&] equal to 1 and
shows a stable social structure (maximized entropy) in which, a recession phase would
have minimum effect.

Following this simple rule, societies take the advantages of economies of scale to prey
effectively water-food-energy nexus necessary for survival needs and prosperity. In order
to do this, organization, division of labor (necessarily leading to social stratification) and
growth (necessarily leading to complexity) is necessary. In light of this, we therefore,
deem social dynamics as more important than environmental determinism.

9.4 Cultural elements of prosperity

In recent years, artificial intelligence processes and mathematical computational tools
have been used to develop methods for classification and evaluation of aesthetics. Scale-
variant methods similar to the presented stochastic analysis have also been used, but they
usually include very complex processes and algorithms not easily understood by non-
experts.

With the presented 2D-C methodology quantifying the brightness’s variability over
scales of pixels, we can observe stochastic patterns among different groups of art
paintings. We identified dependence structures similar to that of natural processes, with
an average H = 0.9, in photographs of faces, as well as in portraits belonging to the
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Renaissance/Baroque period and Rembrandt’s self-portraits. Modern art portraits and
Picasso’s portraits also have an average H = 0.9 implying underlining strong dependence
structures, but showing a wider range of fluctuations indicative of the pursuit of freer
artistic expression during these years. On the contrary, the stricter dogma-inspired
Byzantine figures exhibit an overall weaker dependence structure (average H = 0.8) and
the smaller coefficient of variation (0.379) among the other sets.

These findings suggest that the presented methodology can capture the interrelation
between the stochastic expression of the art paintings and the philosophical issues they
want to describe (desideratum). This aspect is encouraging for the use of stochastics in
the analysis of art paintings and their relation to wider philosophical and cultural issues.

From the above we saw that 2D-C methodology is a reliable tool for the aesthetic
evaluation, therefore we evaluate the transformation of aesthetical value of the
landscapes by works of technological and civil infrastructure. These transformations
become even more perceivable when they alter landscapes, urban or natural, of historical
and cultural significance.

The case study of the landscape of Plastiras Lake, in which the stochastic method for
the visual evaluation clustering of FPs is applied, extends the results of our previous work
in both qualitative and quantitative terms. Through the utilized stochastic method, we
highlight an important quantitative parameter of the visual experience of a landscape, i.e.,
the impact of FP clustering. In particular, we concluded that the clustering of positively
perceived FPs seems to have contributed to the positive public perception of Plastiras
lake, which is widely considered as an example of a highly sustainable infrastructure
project. The inclusion of ZTV mapping in the analysis allowed for this quantitative
improvement and allowed for a better spatial definition of landscape’s aesthetic appeal to
visitors.

The proposed method can be utilized as part of environmental impact assessment
studies or in the management of landscape for tourism and recreation. For the former, the
methodology could be used in the effort to optimize the positioning of infrastructures and
for the latter to aid in the determination of areas to be promoted. Despite its limitations,
the proposed quantification of landscape aesthetics provides an intelligible way of
identification and communication of landscape changes, which may be useful in
infrastructural landscapes policies and decision making.

9.5 Final notes

This thesis develops the argument that there are some critical elements for human
prosperity that money cannot describe. The most critical among them is the availability
of natural resources and the access to the WEF nexus. Water, energy and food are not
generated by money; rather money derives by the availability and the access to water,
energy and food. However, money can be used as a proxy of this access. The assurance of
the function of WEF nexus is dependent on a rational management of natural resources
(e.g. as it is presented in the case study of Thessaly plain).
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a) An exterior view of the society’s structure can be achieved by inspection of the
clustering or partitioning dynamics. On the other hand, the interior view of society is
driven by the distribution of wealth and the stratification.

b) Clustering is a way of growth, and is supported with large scale infrastructures (e.g.,
the evolution of water bodies in Greece and the evolution of Athens water supply
system). Partitioning is a way of protection and can be applied in many different
threats as viruses (social distancing), wars and wildfires (partitioning of the forest).
However, the society have to take critical decisions based on real data (and not on
imaginary beliefs as is customary) in order to decide which way, it has to follow.

c) We also saw that entropy can give us interesting insights for the formulation of social
stratification and social stability which are critical for the prosperity and cohesion of
the society, and it is much more informative than the often-used environmental
determinism. The entropic analysis of the distribution of wealth shows that an
exponential stratification of wealth corresponds to a stable social structure. It is
presented that many times in history, ill-considered attempts (e.g. by socioeconomic
elites) to transform this distribution to Pareto (which populates more the poor and
the very rich, reducing the middle class), led to unstable structure breaking the social
cohesion to the point of a collapse. Especially nowadays, politico-economic elites try
and succeed in increasing their profits thus pushing toward a Pareto distribution and
de-stabilizing society.

d) The prevailing approach of environmental determinism, fails systematically to explain
and predict the dynamics of society. Instead, social dynamics appear to be more
important.

e) Prosperity also contains cultural aspects as the aesthetic value of the landscape, which
is may undergo deterioration by badly designed civil infrastructures. The aesthetic of
the landscape is a cultural element of prosperity which is very important and, in this
thesis, we examined many related case studies.

All the above issues of prosperity have been studied with novel stochastic tools which
have been developed and used in order to have a quantitative evaluation of different data
seeking an objective evaluation. These issues were supported by historical paradigms,
and analysed following a rationalistic approach.

Stratification is an obvious attribute of society and an exponential distribution of
wealth is shown to correspond to the most stable social structure.

Focusing on human needs, in contrast to the always re-occurring Malthusian thought
(at present represented by environmental activism and related elites where people are
considered problematic to the Earth!) the author’s view is to: side with the people who love
the people.

I'Population decline and smaller families good news for climate, says former head of FSA, Independent, 9
Okt 2021. Available online https://www.independent.co.uk/climate-change /news/fsa-population-decline-
climate-change-b1934877.html (accessed 12 October 2021).
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9.6 Further research

The developed stochastic tools could have a wide range of applications.

a) The quantification of 2D clustering, could be used in medicine, meteorology, mapping
among other fields.

b) The entropic view of the social structure could be used in analyses of social dynamics.
Furthermore, the entropic index of inequality could have a wide range of applications
quantifying the range of inequality of any data series.

c) The aesthetical evaluation using stochastic tools could be used in landscape studies or
even in analysis of paintings.

Finally, this thesis highlights the power and the flexibility of the stochastic calculus to
study and unify the study of issues which are not easy to approach and characterize in an
objective and interpretable manner, such as social dynamics, aesthetics, clustering and
partitioning. This may trigger further researcher to use the presented stochastic tools in
order to solve similar problems, or to develop new tools solving new problems using
stochastic calculus and rationality.
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Chapter 1. Conversion of past century drachma to current €

1.1 Data and examination periods

The periods under consideration are related to the phases of the development of
hydraulic infrastructure, and the development and expansion of the city. Thus, socio-
economic conditions are examined before and after the construction of large-scale
projects.

Social, urban and technical data were extracted and used from relevant studies, and

were further processed into charts from which wuseful conclusions are
postulated/depicted.
The social, urban and technical data can be reliably measured, but we could not claim the
same for the economic data. As we know, the temporal value of money changes and in
order to assess reliably the available monetary data, there should be a calculation of the
temporal equivalence between the past value of drachma (as the national currency of
Greece until 1999. From 1999 until the end of 2001 the drachma was still in circulation,
however with a locked exchange ratio to the euro) and the current value of the euro as
the country’s official adopted currency in circulation since 2002. In addition, we should
also calculate the effect of the Consumer Price Index (CPI) as it is also a major factor
determining prices.

The calculations are becoming increasingly difficult as we move back in time because
it is both more difficult to find data on the price of water and hydraulic infrastructures as
well as to convert them to current €.

From 1959 until now, there are official data for both the price of water and the
conversion of drachmas in €. From 1922 to 1959, there are still satisfactory data but less
official sources that had to be combined. Finally, from 1910 to 1922 the data are based on
bibliographic sources of which the validity cannot be easily cross-referenced or verified
and the conversion of drachma to € has been made using a synthesis of different
approaches, as no relevant literature or relevant sources have been found to make a direct
calculation.

It should be noted that the value of money depends on highly complex parameters
including social conditions, gross capital formation, unemployment, wars, financial
changes, devaluations, revaluations, etc. and the more we go back in time, the drachma
conversion in € becomes more of an estimate than an accurate conversion.

The next paragraphs comprise a description of the bibliographic data and economic
methods used at each time period based on data availability.

1.2 Conversion for the period after 1955

From 1955 until today, finding data on the price of water and the cost of works and
their conversion to current € was easy as official data are available (Adamopoulou, 2017).



Prices were based on the Greek Monetary Unit Evolution Value (annual), based on the
General CPIL

1.3 Conversion for 1930-1940

In 1923 Ulen & Co. from New York City was selected to construct the Marathon dam.
This included the dam, reservoir, a conveyance pipe and a water treatment plant. After
this project Ulen & Co, had the management of the water in Athens.

Ulen's invoices, can be considered a reliable indicator of the price of water for the
period 1930-1940 (1940), which was converted into 2018 € with data from the Bank of
Greece (Kontelis, 2018). Correspondingly, the infrastructure cost of the period (1932,
Marathon Dam) was converted to current €.

1.4 Conversion for 1913

In 1913 the price of water was 80 drachmas/m3 (Merkouris, 1913). Converting this
price to current € was particularly important so that conclusions could be drawn on the
fluctuation of the water price, after the inclusion of large water infrastructures in the
water supply network.

Since no method was found to have already been developed for this conversion in the
literature, the following four alternative approaches were adopted using available data to
estimate the price of water.

1. The first approach is based on the correlation of the data of the French franc in 1913
with the Greek drachma which, at that date, fully followed the rules of parity of the
Latin Monetary Union. Available French franc conversion data for that period were
used from the equivalence to 2007 €' and then in current €.

2. Greece’s currency table for the period 1959-2001 is based on the general consumer
price index. For the years before 1959 with no corresponding data on the evolution of
the value of the currency, a separate methodology was used to find the equivalent
value of the drachma of 1913 to the drachma of 1959. This method was based on the
use of historical CPI data and inflation rates for the same period. The CPI figures found
are CPIs without the effect of inflation, while using the inflation data a new gross CPI
was created, including inflation changes (Koutsoyiannis and Mamassis, 2018). Figure
1.1 shows the CPI time series used.

' Evolution of Monetary Unit Value of Greece (per annum), based on the General CPI, excel file, Available
from: www.statistics.gr (accessed Mar 19 2018).

I The Value of the O0ld French Franc in  €-2007. Available online:
https://en.wikipedia.org/wiki/French_franc (accessed on 19 March 2018).
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Figure 1.1 CPI of Greece (a) 1914-1938 (Lazaretou, 2005), 1949-2000 (Pagoulatos, 2003), (b)

1939-1948 (Lazaretou, 2005).

3. The closest calculation of the equivalence of drachma value to euro 2013, was a
calculation made by the Bank of Greece on the drachma of 1923, which was found
equivalent to 0.29 € of 2018. From 1913 to 1923, a period not covered by this
calculation, we used the method also used in approach 2 i.e., the evolution of the value
of drachma for the period 1913 to 1959 combining net CPI and inflation.

4, In the “Memorandum of the Athens Trade Union”, which was submitted to the
Parliament of Greece in 1911, it is mentioned that “The wage of the press workers in
Athens ranges from drachmas 3.50 to 5.25, reaching up to 6 drachmas only for night
workers”. Therefore, we can assume that an indicative average wage was
approximately 4.25 drachmas. Today, Greek Laws 4046/2012, 6/28-2-2012 and the
interpretative circular 4601/304/12-3-2012' determine the worker’s daily wage
between 22.83 € and 26.18 €, so an indicative average wage is 24.50 €. Corresponding
to the wages with any political-social errors that can be included, the correspondence
of the drachma of 1911 to € 2012 is approached.

The results of these different approaches for the price of m3 of water are shown in
Figure 1.2 and their average value, which is an indicator for the water price in 1913, is
equal to 408 €/m3. Interestingly, if someone wanted to buy 1 m3 of bottled water in
Athens at the year 2018 assuming that no infrastructure was built since 1913, the price
would be circa 300 €, which is close to the price of water before large infrastructure
projects were implemented.

The closest of the 1913 drachma value calculation in euro from the Bank of Greece,
refers to the drachma of 1923, which is equivalent to 0.29 € of 2018. From 1913 to 1923,
a period not covered by the above calculation, we used the method developed in approach

I'Greek Law 4046/2012, 6/28-2-2012 and Interpretative Circular 4601/304/12-3-2012. Available online:
http://epixeirisi.gr/download.php?filepath=files /2012 /pdf/egkyeka/&filename=egkyeka_4601_304_12_3
_2012&filetype=pdf (accessed on 25 April 2019).



2 i.e., the evolution of the drachma value for the period 1913 to 1959 combining net CPI
and inflation.

— 700 726 €

500 461 €
average value= 408 €

280 €
166 €

Price of water in 19 13

1 2 3 4
Approach number

Figure 1.2 Cost of water in 1913 in Athens, based on different financial methodologies for
estimating the equivalence of drachma of 1913 to euro of 2018.



Chapter 2. Evolution of clustering quantified by a stochastic method

2.1 Ecosystems

(a) (b) (] (@
Figure 2.1 Deforestation in Borneo 1950-2005 (a) 1950; (b) 1985; (c) 2000 (d) 2005
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Figure 2.2 Climacograms of the deforestation in Borneo (Figure 2.1).
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Figure 2.3 Evaluation of climacograms and rhythm of clustering in demolition of fosters’
clustering in Borneo (Figure 2.2).

I Creator Credit Hugo Ahlenius. Available online: https://www.grida.no/resources/8324 (accessed on 15
September 2020).
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Figure 2.4 Deforestation of Amazon!, creation of clustering of dry land and urban areas inside
forest.
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Figure 2.5 Climacograms of the deforestation in Amazon (Figure 2.4).

I' The Human Impact on the World’s Forest. Available online: https://www.visualcapitalist.com/human-
impact-on-forests/ (accessed on 15 September 2020).
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Figure 2.6 Evaluation of climacograms and rhythm of clustering evolution of dry-lands’ clustering
in Amazon (Figure 2.5).
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Figure 2.7 Greece, natural and artificial lakes (a) overview map of the area with natural and
artificial lakes in 2020; (b) layer of the map; natural and artificial lakes 2020; (c) layer of the map;
lakes 2020.
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Figure 2.8 Evolution of water bodies in Greece as new big dams are constructed and new artificial
lakes are created.
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Figure 2.9 Climacograms of the evolution of water bodies in Greece (Figure 2.8).
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Figure 2.10 Rate of alteration of clustering through time of water bodies in Greece through the
construction of large dams, related to GPD of Greece (Figure 2.9).



2.2 Human society clustering
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Figure 2.11 Evolution of cropland area; historical data from 3000 BC to AD 2000 (Klein Goldewijk
etal, 2011).
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Figure 2.12 Climacograms of cropland areas (Figure 2.11).
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Figure 2.13 Evolution of London; historical data from 1 AD to 1950 ADL.
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Figure 2.14 Climacograms. Clustering of urbanization of London (Figure 2.13).

0.027 0.14
0.026 A 012
= 0025 =
= 0024 <
= o 008
g 0023 f =z
& y 5
S v =} 0.06
S 0022 " 2
z v g
= i = 0.04
T 0021 &) s
/‘/
AT
0.02 = 0.02 1 . i
3000Bc 2000Bc 1000BC lap  1000ap 2000AD lap 1000aD 2000AD
(a) (b)

Figure 2.15 Evaluation of climacograms and rhythm of clustering (a) cropland land historical data
(Figure 2.12); (b) evolution of urbanization in London area (Figure 2.14).

I' Source: https://www.theguardian.com/cities/2014/may/15/the-evolution-of-london-the-citys-near-
2000-year-history-mapped (accessed 17.2.2022)
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Figure 2.16 (a) Mercator projection of earth and its night lights in (b) 1992; (c) 2002; (d) 2012.
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Figure 2.17 Climacograms of the images of night lights of the earth (Figure 2.16).

(a)

1990; (e) 2010.

(b)
Figure 2.18 Earth in Mercator projection of urbanization in (a) 1900; (b) 1930; (c) 1960; (d)
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Figure 2.19 Climacograms of urbanization’s clustering in worldwide (Figure 2.19).
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(b)

Figure 2.20 (a) Mercator projection of Europe and its night lights in (b) 1992; (c) 2002; (d) 2012.
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Figure 2.21 Climacograms of the images of city lights of Europe (Figure 2.20).
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Figure 2.22 Europe in Mercator projection of urbanization in (a) 1900; (b) 1930; (c) 1960; (d)
1990; (e) 2010.
0.1
———
—8=
=
<2010 =1990 1960 «1930 1900
0.001
1 10 100

k

Figure 2.23 Climacograms of urbanization’s clustering in Europe (Figure 2.22).
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(b) (c) (d)
Figure 2.24 (a) Mercator projection of North America and its night lights in (b) 1992; (c) 2002;

(d) 2012.
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Figure 2.25 Climacograms of the images of city lights of North America (Figure 2.24).
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Figure 2.26 North America in Mercator projection of urbanization in (a) 1900; (b) 1930; (c) 1960;
(d) 1990; (e) 2010.
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Figure 2.27 Climacograms of urbanization’s clustering in North America (Figure 2.26).

Figure 2.28 (a) Mercator projection of Asia and its night lights in (b) 1992; (c) 2002; (d) 2012.
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Figure 2.29 Climacograms of the images of city lights of Asia (Figure 2.28).
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Figure 2.30 Asia in Mercator projection of urbanization in (a) 1900; (b) 1930; (c) 1960; (d) 1990;

(e) 2010.
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Figure 2.31 Climacograms of urbanization’s clustering in Asia (Figure 2.30).
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Figure 2.32 Evaluation of climacograms and rhythm of clustering (a) city lights (Figure 2.17,
Figure 2.21, Figure 2.25, Figure 2.29); (b) urbanization (Figure 2.19, Figure 2.23, Figure 2.27,
Figure 2.30).
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(a) (b)
Figure 2.33 Satellite night lights of Syria [8] (a) 2012; (b) 2014.
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Figure 2.34 (a) Climacograms, declustering of urbanization in Syria! (Figure 2.33) (b) Rate of
alteration of clustering before and after war (Figure 2.34a).

I Data retrieved on 2022-02-17 by
https://www.nytimes.com/interactive/2015/03 /12 /world/middleeast/syria-civil-war-after-four-years-
map.html?mc_cid=bbef5eadb7&mc_eid=236cd449ae& _r=0
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