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The importance of hydrology and climate:
Athens within the big picture of early
civilizations




Locations of earliest civilizations

American civilizations. AD 1. Fertile Crescent (early agricultural areas, 9000 BC)

7. Arizona From 6th to 3th millennium BC
2. Nile 3. Mesopotamia 4. Indus 5. Yellow
8. Mexico valley (Tigris-Euphrates) valley river valley
9. Andes 6. Greek civilizations (from 3th millennium BC)
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‘ Condltlons in the Fertlle Crescent
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Neolithic period (after the last Glacial Age) groups of people concentrated at a zone of
hills extended from Syria-Palestine to the foot of Taurus and Zagros mountains, where the
winter rainfalls favoured the natural growth of wild grains, such as barley and wheat.
About 9000 BC (stabilized climate): these communities developed the first agricultural

methods and animal domestication, and constructed the first small hydraulic works.

7500 to 4500 BC (Neolithic revolution): increased population was spread to nearby alluvial

valleys of large rivers.
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‘ Climatological conditions in other ancient sites
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Hydroclimatic

conditions and

the ancient

Greek

civilizations
Why ancient Greeks
chose water-
deficient places for
their cities?

Or

Why the settlements
on water-deficient
places were the most
flourishing?

What are the impacts
of water scarcity on
cultural progress?

(Can scarcity
trigger progress in
technology and
management?)
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“Need is the mother of creativity”
(“Necessity is the mother of invention”)

(980, v & éyw, T Adyw &E dpyfic molduev moAw: motioel 8¢ avthv, Wc £0LKEV, N
NUETEPQ xpEia.

(Come, then, let us create a city from the beginning, in our theory. Its real creator, as
it appears, will be our needs).

Plato, Republic, 2.369c

gl l\\“‘)\l mm“

A working replica of the electro-mechanical

: , Al ENIAC, the first Turing-complete electronic
computer built by Alan Turing and other British devi h f d ballisti .
cryptologists to decipher German Enigma-machine- G€VIC€, that performead ballistics trajectory
encrypted messages during World War L. calculations for the United States Army.
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Scarcity and poverty triggers progress in Athens

udAiota 8¢ tic yiic i dpiotn aisi tac uetaBoAdc Tv oikntépwv eixev, fi te viv Oecoalia
kadouuévn kai Bowwtia MeAomovviioou Te T moAAd AN Apkadiac, Tic te dAAnc doa Av
KpaTLoTa. 6Ldl yap apeTNV i ai te Suvauels TLoi UEfoUG EYYLYVOUEVAL OTAOELG EVETTOIOUV €§
wv EpYcipovto, Kai dua Uno aAAo@UAwv UaAAov EnteBouAsvovrto. TV yolv Attiknv €k To0
énti mAgioTov 81d 10 AenTéyswv dotaciactov ovoav dvdpwrol YKouv oi autoi aiei. kai
rtapadetyuo t0de 00 AOYou oUk EAAXLOTOV E0TL SLA TAC UETOLKIOC EC T AAAQ Un ouoiwc
avéndivat: ék yap thH¢ dAANG EAAddoc oi moAéuw 1 otaoel ékmtintovtes nap’ Adnvaioug ol
duvatwrarot w¢ BEBatov Ov aveywpouv, kol moAitat yiyvouevor e09u¢ ano noAatol ueilw £t
gnroinoav nAndet avipwnwv tnv moAtv, wote kal £¢ lwviav Uotepov w¢ ovy Ikavi¢c oUoncg Tf¢
ATTIKAC arolkiog EEemeuav.

The richest soils were always most subject to this change of masters; such as the district now
called Thessaly, Boeotia, most of the Peloponnese, Arcadia excepted, and the most fertile
parts of the rest of Hellas. The goodness of the land favoured the aggrandizement of
particular individuals, and thus created faction which proved a fertile source of ruin. It also
invited invasion. Accordingly Attica, from the poverty of its soil enjoying from a very remote
period freedom from faction, never changed its inhabitants. And here is no inconsiderable
exemplification of my assertion that the migrations were the cause of there being no
correspondent growth in other parts. The most powerful victims of war or faction from the
rest of Hellas took refuge with the Athenians as a safe retreat; and at an early period,
becoming naturalized, swelled the already large population of the city to such a height that
Attica became at last too small to hold them, and they had to send out colonies to lonia.

Thucydides, The Peloponnesian War, 1.2.3-6
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Reflection from mythology on water scarcity:
The competition of Athena and Poseidon

To choose their patron god,
Athenians organized a
competition for two candidates:
Athena (goddess of wisdom) and
Poseidon (god of waters).

Poseidon offered abundant spring
water.

Athena offered the olive tree and
an explanation why it would be
wiser to choose her gift.

Athenians opted for wisdom.

Scarcity may not be a punishment
— but a choice.

Wisdom may be more powerful
than abundance.
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Water supply in ancient Athens




Wisdom in early water legislation in Athens

enel 6€ mpoc Udwp oUte motauolc €otiv asvaolc oUte Aiuvailc tioiv o0t agdovolg
ninyaic n ywpa Stopknc, aAA’ ol mAEloTol PPEAOL ITOLNTOIC EXPWVTO, VOOV EYpalEey,
Ortou UEV egTL SnuUoatov ppeap vrog ko, xpfiodatl toutw: 0 & inmikov dtaotnua
Tegoapwv nv otadiwv: omou 6€ mAelov aneyel, {ntelv Oéwp iblov: €av b€ dpuéavtec
opyulwyv Séka Badoc map’ eautolic un ebpwot, T0te AauBavetv rrapo tod yeitovoc
e€ayouv vdpiav bi¢c ekaotnc nuepac nAnpoidvrac: anopia yap weto Selv BonUvelv, ouk
apylav Epodialelv

(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.)

Plutarch, Solon, 23

Important elements of this law are:

o the priority of public wells and their protection;

o the balance of the public and private interests for the construction and
operation of wells;

o the regulation of relationships among individuals in order to cover water
needs of all citizens;

o the provision against need, while discouraging laziness.
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Technological advances: aqgueducts
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Evangelismos Metro station

For cleaning and maintenance, in their upper part the pipes
had elliptic openings covered by ceramic covers.

The first major hydraulic
project in Athens was
constructed under the
tyrant Peisistratos (in
power between 546-527
BC) and his sons.

The largest part of the
aqueduct was carved as a
tunnel at depth reaching
14 m.

Other aqueducts were also
constructed in several
phases forming a network
of pipelines; one of them,
the Hymettus aqueduct,
follows a route parallel to
the Peisistratean.

Greek hydraulic
constructions were mostly
underground for security
reasons (e.g. in case of
war; Koutsoyiannis et al.,
2008).
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Small scale water constructions
In addition to wells and large-scale agqueducts, Athenians developed a
technology of storing rainwater from roofs in underground cisterns.

In several cases, small-scale constructions, i.e. wells and cisterns, were
interconnected forming complex systems storing ground- and rain-water.

The rationale behind such connections must have been:

o to recharge aquifers
with excess rainwater;

0 to use the tunnels as
extra storage;

o to facilitate water
distribution exploiting
principles of hydraulics

Plan and sections of a system
of interconnected cisterns
near the Hephaisteion in
Athenian Agora (Thompson
1940; Chiotis and Chioti,
2012).
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Rationale behind the complex Athens water
supply system

Using many sources of water, i.e. ground-, rain- and spring-water,
makes the system more reliable than relying on a single source.
Using and maintaining large-scale public works (agueducts) can
provide more water at lower cost.

However, the private small-scale constructions (wells and cisterns),
provide security and safety, particularly in times of war and crisis:

UdATWYV TE KOl VOUATWV UOALOTO LEV UTTaPXELV TART0C olKkeloV, €l O€
un, tolto ye ebpntat i tol kataokevaletv vrtodoyoc ouBpiolc
Udaotv apdovouc kal ueyadac, wote undEmote UMOAEineLv
glpyouEvouc ThA¢ xwpoac dta ITOAEUOV.

(...and [the city] must possess if possible a plentiful natural supply of
pools and springs, but failing this, a mode has been invented of
supplying water by means of constructing an abundance of large
reservoirs for rainwater, so that a supply may never fail the citizens
when they are debarred from their territory by war.)

Aristotle, Politics, 7, 1330b
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Institutions

In Athens a distinguished public administrator, called «kkpouv®v EmipueAnTACY,
(Superintendent of Fountains), was appointed to operate and maintain the city’s
water system, to monitor enforcement of the regulations and to ensure the fair
distribution of water.

This officer was one of the few that were elected by vote whereas other officers were
chosen by lot:

Tac & apxac tac epi tnv EykukAtov dloiknotv anaoac rotodol KAnpwrtoc, mAnv
TOUIOU OTPATIWTIKWV Kol TWV Erti To Gewplkov kai Tol TV Kpnvav EmtpeAntod.
tavtac 6€ xeiporovolotv, kai ol xelpotovndevrec dpyouvaotv €k MNMavadnvaiwv €ic
Mavavdnvaia. xeiypotovoiot 6€ Kai TG TPOG TOV MOAELOV Aaoac.

(All the officials concerned with the regular administration are appointed by lot,
except a Treasurer of Military Funds, the Controllers of the Spectacle Fund, and the
Superintendent of Fountains; these officers are elected by show of hands, and their
term of office runs from one Panathenaic Festival to the next. All military officers also
are elected by show of hands.)

Aristotle, Athenaion Politeia, 43.1

This must be related to the high importance of this particular position, in which even
Themistocles had served.

Generally, private sponsoring of public hydraulic systems was encouraged; e.g. in 333

BC the Athenians awarded a gold wreath to the Superintendent of Fountains Pytheus
because he restored and maintained several fountains and agueducts.
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‘ The Hadrianic agueduct in Athens

s N

= The last and
longest ancient
aqueduct, the
Hadrianic
aqueduct, was
constructed
during Roman
times.

| = lIts length is 25 km
and, as all earlier
ones, it is
subterranean at
typical depths of

/538
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The Hadrianic aqueduct

Main tunnel with inflows Lateral inflows
through the walls through small works

i

Some cross-sections
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The modern water supply system
and its links to the past




water system
One ancient aqueduct (Peisistratian or
Hymettus?) is still in operation providing
irrigation water to the National Garden.
In 1870 the Hadrianic aqgueduct was

repaired and its cistern in Lycabettus was
reconstructed.

The Hadrianic system used to provide

»
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Evolution of water consumption in modern Athens
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The Athens aqueducts compared to some of the
world’s most famous aqueducts

Longest path of the Athens water supply system: 217 km from Evinos to
Athens (Acharnae WRP), not counting the path across the Mornos reservoir.

Los Angeles First Aqueduct: 375 km.
Los Angeles Second Aqueduct: 220 km.

Delaware Aqueduct, New York: 137 km (the world's longest continuous
underground tunnel).

Croton Aqueduct, New York : 66 km.

Quabbin Aqueduct, Massachusetts: 40 km (tunnel).

Chicopee Valley Aqueduct, Massachusetts: 21 km.

Sooke Flowline, City Of Victoria (Vancouver Island, Canada): 44 km.
Paijanne Water Tunnel, Helsinki: 120 km (underground aqueduct).
Thirlmere Aqueduct, Manchester: 154.3 km.

National Water Carrier of Israel: 130 km (a system to transfer water from
the Sea of Galilee in the north of the country to the highly populated center
and arid south).
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Why modern Athenians needed to convey water
from so far west?

The reason is the same [\L
that led their ..
ancestors to build r';/lﬁ?a'h?mf | N
elaborate (and very [ 400- 600 |
long for the era) N 00 - b
aqueducts: Annual — e |
rainfall 400 mm. B 1 501 - 2200
Modern Athenians, B - At

were able to combine:

0 The convenientand
healthy way of living
in dry climate;

o The water
sufficiency of the
wet western part of
Greece.

|
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Links to the past: IVIarathon dam

The first modern project for Athens

water supply was constructed

between 1926 and 1929 by Ulen & Co.

from New York.

The project included:

* a 54 m tall concrete dam, the only in
the world with a marble coating;

* 2 21.5 km aqueduct (with a tunnel);

e a water treatment plant.

The structure at the end of
the bottom outlet is a replica
of the Athenian Treasury at
Delphi that was build for the
victory in the Battle of
Marathon (490 BC).

The replica symbolizes the
victory of modern Athenians
against drought.
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Links to the past: Lake Hylike & former Lake Copais

= The Lake Hylike (part | +— "
of the Athens WSS) Levee
receives waters from
the former lake
Copais, which was
drained at ~1900 AD.

= During the
Mycenaean period : ¢ L) o
(12th century BC), the M . s o N -
. . ) P SN . Sinkholes
Minyans drained part _ " tuh
of the lake Copais and Minyan Upper lake
reclaimed land for
agriculture.

= A channel and a levee
diverted two rivers to
natural sinkholes
(Mamassis et al., 2015).

= Later, a drainage .
tunnel was attempted
but never completed.

e A TRV
Modern tunnel
(~1900 AD)

& To Athens
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Mornos dam

Image from Google Earth

To exploit the water of the Mornos
River, the ancient city of Kallipolis was

sacrificed, along with the modern village
of Kallion.

They are now submerged in the Mornos
reserVOir. http://www.lidoriki.eom/2011/01/blog-post_2561.html

D. Koutsoyiannis & N. Mamassis, The water supply of Athens through the centuries 27




The water crisis in Athens in 1988-94
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Hydrological conditions leading to the crisis
O : 400
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‘ Temporal evolution of water storage and
consumption

Reservoir storage (hm3)
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‘ Temporal evolution of storage expressed as the
number of months to come for which water suffices

\ \n
\/\ A A
24 \/V\ /\/ \/

N\ .

12 \/ \/\/ /

0
Jan-81 Jan-83 Jan-85 Jan-87 Jan-89 Jan-91 Jan-93 Jan-95 Jan-97 Jan-99

Months to empty reservoirs
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How we dealt with the persistent drought:
Development of an innovative decision support tool

Hydronomeas: A
decision support tool
implementing a new
methodology termed
parameterization-
simulation-
optimization

See theoretical and
practical justification
of the approach in
Nalbantis and
Koutsoyiannis (1992,
1997); Koutsoyiannis

and Economou (2003); < ' ' =0 |
Koutsoyiannis et al.
(2002, 2003); and o e

Efstratiadis et al. (2004) y
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‘ How we dealt with the persistent drought:
Structural measures

= New large-scale works, namely the
Evinos dam and tunnel, were
studied and constructed; the
tunnel was completed in record
short time (< 3 years).

= Aquifers were intensively exploited
with new boreholes and pumping
stations.

= Individuals and municipalities
searched for alternative local water
sources, mostly groundwater from
lower quality local aquifers, to
irrigate private and public gardens,
to wash roads and cars and to use
in industry.
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How we dealt with the persistent drought:

Water demand control
Two drastic increases in water price, with increasing-block tariffs
and discount for significant water conservation.
Severe restrictive regulations, including:

o prohibiting and fining the use of treated water for irrigation,
car and road wash, and swimming pools;

0 restricting private consumption to an upper limit (70-100% of
the consumption of the previous year), and fining heavily the
exceedance of this limit.

A massive public information campaign (via press, TV, internet,
school programmes) so that:

0 all people be aware of the problem and its real causes;
0 all people actively participate to the problem solution.

More info: Xenos et al., 2002
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The most important Ancient Greek legacies and their
usefulness to solutions of modern problems (1)

Creation of philosophy and episteme
(i.e. science), explaining nature and history
based on reason).

o Thales of Miletus (640-546 BC) was the
father of philosophy and of science.

o Thucydides was the father of scientific
history (= based on evidence and analysis
in terms of cause and effect)

Conception of the principle of Orthos Logos
(Recta Ratio, or Right Reason) in guiding human
decisions and actions.

o Aristotle (384-328 BC) was perhaps the first to
formulate this principle:
TO &V 00V KaTd TOV 6p T30V AGYoV MPATTELV KOOV
Kol urtokeloVw.

(It is a common principle which must be accepted
that we must act in accord with orthos logos.)

Aristotle , :
Aristotle, Nicomachean Ethics 1103b _(sougee. Wikipedia) 4
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‘ The most important Ancient Greek legacies and their
usefulness to solutions of modern problems (2)

Creation of democracy, the system of
government in which all people are equally
involved in taking decisions and actions.
...kotl Ovouor pev bto to un €¢ oAilyouc

aAA’ éc mAelovac oikelv dnuokpartia
KEKANTOUL- UETEOTL OE KOTA UEV TOUC
VOUOUC TTPO¢ T idla Sidpopa raot To
ioov, kato 6€ v aélwotv, w¢ EKAOTOC

EV Tw EUOOKIUET, OUK ATTO UEPOUC TO
TTAEoV £¢ Ta KOLVA ) A’ APETAC mpoTIUATAL. .. »

[The Athenian] administration favors the many
instead of the few; this is why it is called a
democracy. If we look to the laws, they afford equal
justice to all in their private differences; if to social
standing, advancement in public life falls to
reputation for capacity, class considerations not
being allowed to interfere with merit.

Pericles’s Epitaph, from Thucydides, The Peloponnesian War, 2.37
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Currently there are a lot of problems to solve:
In Athens, in Greece, in the world

e

T

Domestic

water use
(L/d per c.apita)
] o  [150-200

"I 0-10 I 200-300
1 10-50 [ 1300-400 .
[ 1 50-100 1 400-500

[J100-150 W >500 Should classical values be taken for granted?

o = Science-based propaganda instead of scientific
In a significant part of the inquiry...

world the current water . .
= Doctrines and stereotypes instead of orthos logos...

supply level is inferior than
= Oligarchy instead of democracy...

that in ancient Athens
(Koutsoyiannis, 2011a) o Oligarchy + high technology = locked cockpit...
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Concluding remarks

Study of history is a good advisor for problem solving.
o This applies to water problems too.

Technology developing is guided by necessity.

o Technology can modify poor natural conditions.
Technology is not enough.

o It should be combined by episteme (science), orthologism
(rationalism) and democracy.

Technology, episteme, orthologism and democracy are all
legacies of our Athenian ancestors.

Modern Athenians do not claim exclusiveness of these legacies:
o Sharing material things may sometimes be division.
o Sharing intellectual values is always multiplication.
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