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Hydrology is the science of the water on Earth: its occurrence, circulation,
distribution, physical and chemical properties, and interaction with the
environment and the biosphere (cf. UNESCO, 1963, 1964).
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The hydrological cycle

Advection (net), A

31 900 km3/year
e
5 e -
9T W 5=
LeE ~ 5T e
el o c— 0 © >3
o > oS>0 o] 9
B ES S o> o
© 2 E g o E\
+~ © © E E o= E
= o E o ~ © X
2o o S e S o €
omQ9 Q 5o o5
. Oy 0 CcQo 25
4 A £ 2sYQ °oa
) = g£os &3 o
\/ + @ S
A
Surface runoff, R
32 000 km3/year
(219 mm/year) Climatic variability

(30-year scale, 95% confidence)
Precipitation and evaporation: +7%
Runoff and advection: +23%

Groundwater discharge, G
500 km3/year
(3.4 mm/year)

(2.1 mm/year) £

Groundwater
depletion, dSs/dt
300 km3/year

—

Wdensation

——

Precipitation, P
99 400 km3/year
(1094 mm/year)

$

This is the
current
knowledge
(with
quantification)
about the
hydrological
cycle (see
detailed
calculations
and results in

Koutsoyiannis,
2020).

What did the
ancients think
about the
hydrological
cycle and the
hydrological
processes?
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‘ Starting from ancient Greek mythological views —
inspiring even in modern times

o W

The myth of Hercules fighting
Achelous, a deity personifying
the most important river of

Greece, symbolizes the fight of Hercule combattant Achéloiis Hercules fighting Achelous;
men against the destructive métamorphosé en serpent, wall painting (1937-39; with
power of rivers. exhibited at the Louvre; by byzantine aesthetics) in the

Depiction on an Attic red-figure Frangois Joseph Bosio (1824; Athens City Hall by Fotis
vase (6th century BC), kept in the  https://commons.wikimedia.org/w  Kontoglou, (writer, painter and

British Museum (reproduced from iki/File:Hercule_Bosio_Louvre LL3 hagiographer) (reproduced from
Koutsoyiannis et al., 2007). 25-1.jpg). Koutsoyiannis et al., 2012).
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‘ Modern mythology about past knowledge is also

INSPIriNg Introducing Introducing
An inspiring extract from Price (1989): groundwater g""""ﬂwam'f :

Mickard Prica

“Today, our version of the hydrological cycle et
seems so logical and obvious that it is

difficult to believe that it did not gain

widespread acceptance until the 17

century. This was caused in large part by the gp o
tendency of the philosophers of Ancient
Greece to distrust observations and by the tendency of later philosophers
to accept the opinions of the Greeks almost without question. Plato
advocated the search for truth by reasoning. He and his followers
appear to have attached little importance to observations and
measurements. Thus Aristotle, Plato's most famous pupil, was reportedly
able to teach that men have more teeth than women, when simple
observation would have dispelled this idea. From a hydrological
viewpoint, however, he had a more serious misconception — he believed
that rainfall alone was inadequate to sustain the flow of rivers.”
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Tracing back the succession of inspirations
regarding Aristotle and women’s teeth

“Observation versus Authority: To modern
educated people, it seems obvious that matters = = = =
of fact are to be ascertained by observation, RUSSELL
not by consulting ancient authorities. But this is
an entirely modern conception, which hardly
existed before the seventeenth century.
Aristotle maintained that women have fewer
teeth than men; although he was twice
married, it never occurred to him to verify this
statement by examining his wives' mouths”
(Russell, 1952).

D. Koutsoyiannis & N. Mamassis, The development of science from the Greek antiquity to the early modern period 6



The original text by Aristotle
«Exouat 6¢ rmAeiouc ol appevec Twv dnAetwv odovroc
Kal v avBpwrtol¢ Kai rti mpoBatwv Kal aly@v Kol UWV-
Eni 6€ Twv adAAwyv ou tedswpntai nw. |[...] Quovrat
6' ol teAeutaiol toic avOpwrtolc youplotl, oUc kadolaot
Kpavtipac, nepl ta elkootv €tn Kai avépaot Kai
yuvaiéiv. "Hén 6¢ tiot yuvaiéi kai oydbonkovto ETWV
oUoalc Epuoav youplot Ev toic Eoxatolc [...]»
(Twv ntepi ta wa LotopLwy, B).
“Males have more teeth than females in
the case of men, sheep, goats, and swine; Aristotle (384 — 322 BC)
in the case of other animals observations Image source: Visconti (1817)
have not yet been made |...] The last teeth to come in man are
molars called 'wisdom-teeth', which come at the age of about
twenty years, in the case of both men and women. Cases have
been known in women of eighty years old where at the very close
of life the wisdom-teeth have come up |...]”
(History of Animals/Book Il).

D. Koutsoyiannis & N. Mamassis, The development of science from the Greek antiquity to the early modern period 7



Some epistemological questions

= What do we mean by observation? Does information from
school teachers, professors, books, TV, internet, climate
projections for the year 3000 AD, etc., classify as observation?

= |s the number of teeth:
o A constant for all individuals? (and irrespective of sex?)
o Varying among individuals

o Varying among individuals and also varying in time for each
individual? (like in a stochastic process?)

m How did Russell know whether or not Aristotle examined his
two wives’ teeth?

m And did Russell’s himself examine his own four wives’ teeth?
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What do modern statistical data say?

Table 46. Mean number of permanent teeth among dentate adults 20-64 years of age, by selected characteristics: United States, National

Health and Nutrition Examination Survey, 1988-1994 and 1999-2004

1988-1994 1999-2004
Standard Standard
Characteristic Mean error Mean error
Age
Q0-BANEANS: i isvs 5 v vovmwd 5 © S B @ PRI B 5 SRR B b EYEEa 6 26.44 0.07 26.90 0.05
3549 years. . . . . . e 24.14 0.16 25.05 0.11
BO=BAVBEIS:: i-vovi % & wvems & & SBBES F © G G ¥ G B 9 S 20.39 0.22 22.30 0.22
Sex
Male: civii s 5 v G S aaG 5 9 TN § S W% & S VA B BRaR 8 24.10 0.11 25.06 0.13
FOMEID L & © wunwis & & swsins © @ WVILG ¥ W CUSING @ @ SN @ ¥ s o 23.86 0.14 24.90 0.08
Race and ethnicity
White: non-HISpanic: « wuis & & waivi & © S & ¥ S & § wesis b 24.28 0.14 25.23 0.13
Black, non-Hispanic. . . . . .. .. ... ... e 22.03 0.14 23.68 0.13
Mexican AMONCAN: « & v iais « & wialiie & & vt & § LOis & 8 aiEs % 24.81 0.09 25.32 0.08

Official USA statistical data; Dye et al. (2007)
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A first and second reason for the difference

(1) The number of teeth decreases with increasing age and women’s life

expectancy is longer by several years than men’s.
(2) Women’s teeth seem to be more fragile than men’s.

Official USA statistical data:
Harvey (1981).

Average number of decayed
(D), missing (M), and filled (F)
permanent teeth per person,
among adults 35-74 years of
age, by sex and age: United
States, 1960-62 and 1971-74.

DMF teeth
Sex and age
1960-62 1971-74
Both sexes, 35-74vyears . . .. ... ... 19.1 20.2
Men
35-74VYears . - - v it e e 18.5 19.5
3544 vyears . ... i i i 17.2 18.4
45-54 years . v v i v a e 18.0 19.2
B5-64dvyears . ... .. nenrnnennn 20.4 20.7
B5-74vyears . ... ..t e e 22.3 21.8
Women
35-74vyears . .. ...t e e 19.7 20.8
3544vyears .. . ... i 18.8 20.0
45-54vyears . « . .. i n i e i 19.6 20.5
B5-B4dyears . - - .. - h i i 219 21.5
B5-74years - .« .- i e 22.8 22.5

D. Koutsoyiannis & N. Mamassis, The development of science from the Greek antiquity to the early modern period
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A third and fourth reason for the difference

(3) “Sex Disparities. Table 2 represents the distribution and
prevalence of third molar agenesis [congenital lack of one or more
teeth] according to sex. Frequency of third molar agenesis was
higher in females than males” (Sujon et al., 2016).

o ®
@ ’ PLOS ‘ ONE Third Molar Agenesis and Dental Anomalies
Table 2. The frequency of agenesis according to sex.
Sex n Agenesis Prevalence X2 p value
Male 2136 785 36.8% 5.02 .025%
Female 2092 839 40.1%

* p value <0.05 is significant

Ani*1N 1371 /iniirnal nnna N1AR2N7N N2

(4)“Hyperdontia [increase in number of teeth in relation to the
normal dental formula] is more common in males, and the degree
of sex difference is greater in blacks” and “The number of extra
teeth per person ranged from 1 to 8” (Harris and Clark, 2008).

D. Koutsoyiannis & N. Mamassis, The development of science from the Greek antiquity to the early modern period 11



Modern mythology about past knowledge (contd.)

Another inspiring extract from Price (1989): '
“The first person to make a forthright and unequivocal statement that |m|'l][ll|[:|||!]
rivers and springs originate entirely from rainfall appears to have been a !ll‘llllllllwalﬂl‘
Frenchman called Bernard Palissy, who put forward this proposition in _ R,
1580. Despite this, in the early 17th century many workers were still in IR o
essence following the Greeks in believing that sea water was drawn \L S
into vast caverns in the interior of the Earth, and raised up to the level
of the mountains by fanciful processes usually involving evaporation
and condensation. The water was then released through crevices in the
rocks to flow into the rivers and so back to the sea.”

A similar extract from Todd & Mays (2005)

“As late as the seventeenth century it was generally assumed that water
emerging from springs could not be derived from rainfall, for it was
believed that the quantity was inadequate and the earth too Groundwater
impervious to permit penetration of rainwater far below the surface. Hydrology
Thus, early Greek philosophers such as Homer, Thales, and Plato
hypothesized that springs were formed by seawater conducted through
subterranean channels below the mountains, then purified and raised to
the surface. Aristotle suggested that air enters cold dark caverns under %
the mountains where it condenses into water and contributes to S|
springs.”

Larry W. Mays

D. Koutsoyiannis & N. Mamassis, The development of science from the Greek antiquity to the early modern period 12



Finding the culprit: Plato

[Zwkpdtnc:] «[...] Todito [to xdopa] Srep ‘Ounpoc ine, Aéywv aldtd “tide g
UdA’, nxt Badiotov Uno ydovoc ot BEpeTpov 6 kai GAAoT Kai ékeivoc kai W
dAAot moAdoi Twv motnt@v Taptapov KeKAnKaoty. (¢ yap tolto TO YAouo
OUPPEOUOL TE MAVTEC Ol MOTAOL Kol €K TOUTOU ALY EKPEOUTLV: YiyvovTal
8¢ ékaotol totolitol 5t olac &v kai thc yiic péwov. [...] Stav te ovv
unoywpnon to Uéwp €ic Tov tOrov tov 81 KATwW KAAOUUEVOV, TOIC KAT
EKelva Tax pevuata SLa ti¢ yiic elopel Te kai mAnpol aUTa Worep ol
énavtdolvrec: Stav te al ékeldev uév anoinn, Seiipo &5¢ dpuron, Td 0 -
évOdbe mAnpol addic» (Paidwv, 14.112a). s

Plato (428 - 348 BC)

Image source: Visconti (1817

[Socrates:] “[...] One of the chasms of the earth is greater
than the rest, and is bored right through the whole earth; this [chasm] is the
one which Homer means when he says ‘Far off, the lowest abyss beneath the
earth’ and which elsewhere he and many other poets have called Tartarus.
For all the rivers flow together into this chasm and flow out of it again, and
they have each the nature of the earth through which they flow. [...] And
when the water retires to the region which we call the lower, it flows into the
rivers there and fills them up, as if it were pumped into them; and when it
leaves that region and comes back to this side, it fills the rivers here”
(Phaedo, 14.112a).

D. Koutsoyiannis & N. Mamassis, The development of science from the Greek antiquity to the early modern period 13



s this extract from Phaedo what the Greek
philosophers said about the hydrological cycle?

While the view expressed in Phaedo was adopted by many thinkers and
scientists from Seneca (ca. 4 BC—65 AD) to Descartes (1596-1650), it is a just a
poetic metaphor, as indicated by the reference to Homer. It has a symbolic
meaning as the philosophical subject of the dialogue Phaedo is the immortality
of the soul. It is not representative of Greek philosophers’ views on Nature, not
even Plato’s. In other dialogs Plato offers more consistent theories:

«TO KT Eviautov Ubwp ekaprolt’ €k ALOg, oux wc viv amoAAToa pgov amo YIAR¢ TA¢ yic¢ gig
Uadattav, aAda moAAnv Exovoa kai €i¢c auTtnVv katadexoUevn, Th kepauidL oteyouon yi
SLATAULEUOUEVN, TO KATATOYEV EK TWV UYNAWDV USwp £i¢ TA KOIAX apLEloA KATA MTAVTAC TOUG
TOMoUG apeixeto agdova Kpnvav Kai motauwv vauata» (MAdtwy, Kpttiag, 1116).

“Moreover, it was enriched by the yearly rains from Zeus, which were not lost to
it, as now, by flowing from the bare land into the sea; but the soil it had was
deep, and therein it received the water, storing it up in the retentive loamy soil
and by drawing off into the hollows from the heights the water that was there
absorbed, it provided all the various districts with abundant supplies of
springwaters and rivers” (Plato, Critias, 111d).

D. Koutsoyiannis & N. Mamassis, The development of science from the Greek antiquity to the early modern period 14



Thales and the birth of science

Thales of Miletus, one of the Seven Sages of Greece, is
regarded as the father of natural philosophy and
science. His contributions cover several fields:

=  Mathematics. He introduced deduction through
theorems; he proved several theorems in
geometry, including those bearing his name: the
Thales’ angle theorem and intercept theorem.

= Astronomy. He predicted the solar eclipse in 28
May 585 BC.

= Physics. He studied static electricity by
experimenting on amber (in Greek NAektpov—
electron) as well as magnetism.

= Surveying engineering. He measured the heights of
pyramids and the distance of ships from the shore.

= Hydraulic engineering. He made a diversion of the ~  Thales (624-548 BC)
river Halys for military purposes. Image source: Visconti (1817)

=
|

In addition to his scientific achievements on geometry and astronomy, he dealt
with the paradox of the Nile (will be examined below), thus highlighting the
importance of hydrology in the birth of science.

D. Koutsoyiannis & N. Mamassis, The development of science from the Greek antiquity to the early modern period 15



Anaximander, Anaximenes and atmospheric processes

Thales’s successor Anaximander(610-546 BC) is the first to dear write a book «Mepl
Duoswe» (“On Nature”; lost), rejecting mythological and religious views. He understood
the relationship or rainfall and evaporation:

«UEeTOoUC b€ [ylyveoBau] €k tii¢ atuidoc tii¢ €k yiic @’ fiAtov avadibouévne» (Imnoiutog, Dhocodolpeva ) Kata
MNaoc®v Aipgoswv EAeyxog, |, 5).

“Rain is created from the vapours which rise from earth by the sun” (Hippolytus of Rome,
Refutation of All Heresies, |, 5; https://books.google.gr/books?id=9HCOCwWAAQBAJ).

Anaximenes was another philosopher from Miletus, who proclaimed Air as the “Arche”
(origin) of the universe; naturally, thus, he devised logical explanations for the formation
of wind, clouds, rain and hail:

«[...] avéuouc &€ yevvdaodai, Otav ék <UEPOUC> MEMUKVWUEVOC 0 anp Kai apdeic pepntatl’ cuveddovra b€ kai mi
niAglov mayuvIevra vépn yevwaodat kai oUtwc €ic Udwp puetaBarAswv. yaialav 8¢ yiveodal, 6tav amo TWv VEQWV TO
Ubwp katapepousvov nayfi: xtova 8¢, otav auta talta Evuypotepa ovra iy AaBn. aotparnnv &’ otav ta vépn
duotitat Biat nvevudatwv’ [...]. ptv & yevvaodal TV NALXK@DV aUy@V €(¢ AEPA OCUVESTWTA MTTOUCWVY (ImtmoAuTog,
Owocodolpeva fj Katda Naockv Aipéoswv EAeyxog, |, 6)

“[...] the winds arise when the air becomes partially condensed and is lifted up; and when it
comes together and more condensed, clouds are generated, and thus a change is made
into water. And hail is produced when the water precipitating from the clouds freezes; and
snow is generated when these clouds, being more moist, acquire congelation; and
lightning is caused when the clouds are parted by force of the winds; [...]. And a rainbow is
produced from solar rays falling on condensed air” (Hippolytus, Refutation of All Heresies,

, 6).
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The entire hydrological cycle and Xenophanes

Xenophanes (570-478 BC), another lonian philosopher, supported his theory by
the discovery of fossilized marine organisms at three island locations. Hippolitus

(c. 170-235 AD; Christian theologian) attributes to him a theory of alternating
periods of flood and drought.

Xenophanes expressed his philosophy in poetic form (hexameters, elegies,
iambics), as in the following fragment:

«mnyn 6’ éoti Yadaoo’ Obatog, nnyn & avéuoto:

oUTE yap €v VEPEOLV <y(voLTO Ke (¢ avEuOLO

gknvelovroc> Eowdev AVeU TOVTOU UEYAAoLo

oUte poai motauwv oUT ai<¥eépoc> 6ubpilov Udwp,

AAAQ LEYOIC TTOVTOC YEVETWP VEPEWV AVEUWYV TE KOl TTOTOUDV»

(Zevodavnc év @ Mepl puoswg Anodomnaocpa B 30

http://www.poesialatina.it/ _ns/Greek/testi/Xenophanes/Fragmenta.html)

“The sea is the source of water and the source of wind;

for neither in the clouds <would there be nor any blasts of wind

blowing forth> from within, without the mighty sea,

nor river flows nor rain water from the sky.

The mighty sea is father of clouds and of winds and of rivers” (Fragment B 30,
recovered from Geneva Scholia on Homer;

https://en.wikisource.org/wiki/Fragments_of_Xenophanes)

D. Koutsoyiannis & N. Mamassis, The development of science from the Greek antiquity to the early modern period
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Hydrology is the science of change and randomness;
Heraclitus described the nature of each in a few words

Heraclitus of Ephesus was
another lonian philosopher,
father of dialectics.

He emphasized the
dominance of change and
randomness in Nature.

«[lavra pet» Heraclitus of Ephesus (535 —475 BC)
“Everything flows” depicted in the back facet of a coin whose front facet shows
Philip

(Heraclitus; quoted in
Plato’s Cratylus, 339-340)

Image source: Visconti (1817)

«Alwv naic ot naifwv «To avrtiéouv ouupEPovV Kal K TWV SLAPEPOVTWY
TIECOEVWV» kaAAiotnv apuoviav kol ravto kot' €ptv yiveoGai»
“Time is a child playing, “Opposition unites, the finest harmony springs from
throwing dice” difference, and all comes about by strife”
(Heraclitus; Fragment 52) | |(Heraclitus, Fragment B 8)

D. Koutsoyiannis & N. Mamassis, The development of science from the Greek antiquity to the early modern period 18




Hippocrates and the strong relationship of hydrology with health

Hippocrates of Kos (460 — c. 370 BC), the philosopher
and physician, is one of the most outstanding figures in
the history of medicine. He also contributed to
hydrology through his treatise Airs, Waters, Places:

TNV TE yap apxnv o fAto¢ avayet kai avapnalet tod Udato¢ 10 Te
Aentotarov kal kougotatov. diAov &€ ol dAeC ToLEouoL. TO UEV yap
aAuupov Asintetol avutold UTto mayxeoc¢ kai Bapeoc Kal yivetal AAEG, TO
b€ Aenttotartov 0 NAloc avapralsl UTTO KOUPOTNTOC' AVAYEL SE TO
ToL0UTO OUK ATto TWV UdATWV Holdvov TV Aluvaiwv, dAAa kai aro ti¢
Badaoonc kai €€ amavtwy €v OKOOOLOL UYPOV TL EVEOTLV. EVEOTL OE €V
avti ypnuatt. kol €€ aut@v TWV avipwnwv AyeL TO AETTOTATOV THC
(kuadoc kai kovpotatov (Immokpatng, Mepl Aépwy, Yoéatwy, Tonwy, 8).

Rain waters, then, are the lightest, the sweetest, the
thinnest, and the clearest; for originally the sun raises Hippocrates (460 — 370 BC)
and attracts the thinnest and lightest part of the water, 'Mage source: Visconti (1817)
as is obvious from the nature of salts; for the saltish part is left behind owing to
its thickness and weight, and forms salts; but the sun attracts the thinnest part,
owing to its lightness, and he abstracts this not only from the lakes, but also
from the sea, and from all things which contain humidity, and there is humidity
in everything; and from man himself the sun draws off the thinnest and lightest
part of the juices (Hippocrates, De Aere Aquis et Locis, 8).
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Anaxagoras and the conveyance of science to Athens

Anaxagoras of Clazomenae lived
and taught in Athens for ~30 years
and transplanted the ideas of lonic
philosophers to Athenians, having
prominent students such as
Pericles, Euripides, Sophocles, and
Herodotus. He proposed a theory
of “everything-in-everything,” and
was the first to give a correct

Anaxagoras (510 — c. 428 BC) depicted in the back facet
_ _ of a coin whose front facet shows a ribbed head of a
explanation of eclipses. woman representing the personified city of

While his scientific theories were Clazomenae (Image source: Visconti, 1817)

mostly related to astronomy, including the claims that the sun is a mass of red-
hot metal and the moon is earthy, they also include hydrology:

«EOOC &€ motauoUc Kai aro twv 6uBpwv AauBavetv tnv Unootaotv kal €€ vdaTwv TWV €V Tfj Vij-
glvat yap autnv koiAnv kai Exetv Udwp €v toic kotAwuaotv» (ImtnoAvtog, Ohocodolpeva f Katda
Noo®v Alpecewv EAeyyog, |, 7).

“The rivers receive their contents from the rains and from the waters in the

earth; for the earth is hollow and has water in its hollow portions” (Hippolytus,
Refutation of All Heresies, |, 7).
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‘Why Athens became centre of the entire world for centuries?

The fact that Athens was the philosophical, scientific and political
centre of the entire world for many centuries may seem as an historical
paradox because it is a dry and infertile place.

The paradox have been explained by the Athenian Thucydides, father
of scientific history, who observed that infertility has also a good side
and scarcity may be preferable to abundance:

pdaAwota be tic yiic n apiotn aiei tag petaBoAag twv oiknTopwy glxev [...] 81a yap apetnv yic af
Te SUVAUELC TLOL LEIlOUG EYYLYVOUEVOL OTAOELS EVETTOiouV €€ wv Epdcipovto, Kai aua Uo
dAAoUAwv péiAdov éneBoulcvovro. thv yodv Attiknv €k tod rmi nAsiotov S1d 16 Aentoyewv
aotaoiaotov ouoav avdpwnot WKouv ol autoi aiei. kal mapadelyua t0de tol Adyou oUk
EAaxLOTOV €0TL SLa TAG UETOLKIOG EC T dAAa un opoiwg avéndijval: ék yap tii¢ dAAng EAAadoc ol
MoAEuw 1) oTdoel ékmintovteg map’ A¥nvaiouc ol Suvatwtatol w¢ B€Batov 6v aveywpouv, Kal
noAltat ytyvouevol e090¢ ano nadatod peilw €t émoinoav mARYeL avipwnwy TtV moAwv.
(Goukubdidng, lotopia to0 Melomovvnaolakol MoAéuou, 1.2.3-6.)

The richest soils were always most subject to this change of masters;
[...]. 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

i

JJ_’J\I‘

| ‘J-HEMM
exemplification of my assertion that the migrations were the cause of ThUCledeS (460 — 400 BC)
there being no correspondent growth in other parts. The most dubbed the father of
powerful victims of war or faction from the rest of Hellas took refuge scientific history

with the Athenians as a safe retreat; and at an early period, becoming Image source: Visconti (1817)
naturalized, swelled the already large population of the city][...]

(Thucydides, The Peloponnesian War, 1.2.3-6.)
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Aristotle and the phase change of water

Aristotle was student of Plato, but his theories were
influenced by lonic philosophers. His theories
expand to all aspects of knowledge; in particular his
treatise Meteorologica offers a great contribution to
the explanation of hydrometeorogical phenomena:
«Ett &’ n umo tol nAiov avaywyn tol vypol ouoia TOl¢
Uepuatvouévolc éotiv Udaotv umo nupoc» (MetewpoAoyikad, B2)
“the sun causes the moisture to rise; this is similar
to what happens when water is heated by fire” " : —)
. Aristotle (384 — 322 BC
(MGtGOFO'OgICE\, ”2’ 3553 15) Image source: Visconti (1817)
«ovviotatal TaAwv n atuic Yuyouévn dia te tnv andAsewiv tod Fepuol kai Tov tomov, kKai
yiyvetatr Udwp €€ aépoc: yevouevov &€ maAlv peEpetal mpoc tnv yiv. €ott &’ n uév €€ Hdatroc
avaBuuiaoic atuic, n &’ €€ agpoc eic Udwp VEPOC»
“the vapour that is cooled, for lack of heat in the area where it lies,
condenses and turns from air into water; and after the water has formed
in this way it falls down again to the earth,; the exhalation of water is

vapour; air condensing into water is cloud” (ibid., 1.9, 346b 30).
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Aristotle and mass conservation

Aristotle recognized the principle of mass conservation within the
hydrological cycle:

«wote [tnv Balattav] ovdemote Enpaveltal naAwy yap Ekelvo pUinostal kataBayv €ic tHv
QUTNV TO TPOAVEATOV».

“Thus, [the sea] will never dry up; for [the water] that has gone up
beforehand will return to it” (ibid., 11.3, 356b 26).

«KAV Un Kat’ Eviautov amoditd@ kai kad’ ekaotnv opoiwe ywpav, aAr’ €v ye tiowv
TETAYUEVOLC XpOVoLC amodidwal tdv 1o ANy,

“Even if the same amount does not come back every year or in a
given place, yet in a certain period all quantity that has been
abstracted is returned” (ibid., 11.2, 355a 26).
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Aristotle and Change

Aristotle penetrated into the concept of “change”. He was fully
aware that the landscape changes through the ages and that rivers
are formed and disappear in the course of time:

«aAAa unv einep kai ol motauol yiyvovral kai pUeipovral kai un ai oi avtoi tomnot tf¢
vAi¢ Evudpol, kai thnv Gadatrav avaykn uetaBaAdsv opoiwc. tic 6€ Sadattnc to uev
armoAetovonc ta &’ Emouonc ael pavepov OTL TH¢ mAaonc yi¢ oOUK AElL T aUTA TA UEV
gottv Sadatra ta &’ fnelpocg, AAAQ UETHBAAAEL T XpOvw mavTa .

“But if rivers are formed and disappear and the same places were
not always covered by water, the sea must change
correspondingly. And if the sea is receding in one place and
advancing in another it is clear that the same parts of the whole
earth are not always either sea or land, but that all changes in

course of time” (ibid., 1.14, 353a 16).
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Aristotle and experimentation

Aristotle also understood by experiment that salt contained in water is not
evaporated:

«OTL &€ ylyvetal atuiovoa OTIUOC KAl oUK €ic JaAattav ouykpivetal TO atuilov, Otav ocuVIOTATAL
TTOALY, TTETTELPOUEVOL AEYWUEV»

“Salt water when it turns into vapour becomes drinkable [freshwater] and the
vapour does not form salt water when it condenses again; this | know by
experiment” (ibid., 11.3, 358b).

This has certainly found technological application in desalination (removal of
salt from sea water), useful in a country with scarcity of fresh water and many
shores and islands. Thus, we learn from a commentary on Aristotle’s
Meteorologica I, written by Olympiodorus (the peripatetic philosopher, 495 —
570 AD), that:

“Sailors, when they labour under a scarcity of fresh water at sea, boil the sea-
water, and suspend large sponges from the mouth of a brazen vessel, to imbibe
what is evaporated, and in drawing this off from the sponges, they find it to be
sweet [fresh] water” (Morewood 1838; see also quotation by Alexander of
Aphrodisias, peripatetic philosopher, fl. 200 AD, in Forbes, 1970).
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Aristotle and the solution of the Nile paradox

Most of ancient Greek texts have been lost and information on them is indirectly
obtained from references in other books.

An example is Patriarch Photius’s (c. 810/820 — 893) Myriobiblon or Biblioteheca,
composed of 279 reviews of books which he had read. This book, perhaps the first in
history collection of book-reviews, written in Greek, was printed in 1611 with Latin

translation.
This gives important information about Aristotle’s decisive contribution in solving the

Nile paradox.

1611
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What was the N|Ie paradox?

The first great problem
related to a natural
behaviour and put in
scientific terms was the
cause of the Nile floods.
It was debated for
almost three centuries
(Burstein, 1976).

What puzzled Greek
thinkers was the
different hydrological
regime compared to
other Mediterranean
rivers: the Nile floods
occur in summer rather
than during winter.

Precipitation @ Halicarnassus
(Bodrum) (mm/month)

Anntial- 706 mm /viear

200 —ARMNUal-70o ||||||/ ye€at

100 +

300
Precipitation @ Heliopolis (Cairo)
(mm/month)

Annual: 27 mm/year

200

100

0 - — o
T T T T T T T T T T T

300

Precipitation @ Syene (Aswan)
(mm/month)
20 —Annual: T mm/year

100

8000

Nile @Aswan (m3/s)

7000

D. Koutsoyiannis & N. Mamassis, The development of science from the Greek antiquity to the early modern period 28 28



‘ Problem statement by Herodotus

«to0 motauold ¢ puUOoLo¢ TEPL 0UTE TL TWV ipEwV oUTE AAAOU 0USeVOC mapaAaBeiv
gduvaaodnv. mpoduuoc 6€ Ea tade map’ avt@v udéodal, O TL KATEPXETAL UEV O

NetAo¢ mAnGUwv amno tpornéwv TV Feptvéwv apédevoc ETi EKATOV NUEPOLC,

nieAaoac 6€ €¢ TOV APIBUOV TOUTEWV TWV NUEPEWV OMIOW ATIEPYETAL ATTOAE(MTWYV

10 péedpov, Wote BpayUc TOV xelu@va dravta StateAéel v uéxpt o0 alTic

TPOMEWV TGV FEPIVEWV. TOUTWVY WV TTEPL 0USEVOC 0USEV 0l0C TE Eyeviunv

napadaBeiv mapd twv Alyuntiwy, (0TopEwv aUToUC fvTiva SuvauLy EXeL 0

NeiAo¢ ta EunalAv me@uKEVaL TV AAAwV rtotau®v: Tadtda te 81 T AeAsyuéva
BouAouevoc eibéval otopeov Kkai O TL alpac arnonveouoac Holvog moTauwy

tavtwv ouU noapéxetal» (Hpododtou lotopliay, 2, 19). ,'

“Concerning the nature of the river, | was not able to gain any

information either from the priests or from others. | was \ A
particularly anxious to learn from them why the Nile, at the Ii ‘ I mm‘zm*rw J!
commencement of the summer solstice, begins to rise, and He,ggg{g; (484—425 BC)
continues to increase for a hundred days—and why, as soon as Image source: Visconti (1817)
that number is past, it forthwith retires and contracts its stream, continuing low during
the whole of the winter until the summer solstice comes round again. On none of these
points could | obtain any explanation from the inhabitants, though | made every

inquiry, wishing to know what was commonly reported— they could neither tell me
what special virtue the Nile has which makes it so opposite in its nature to all other
streams, nor why, unlike every other river, it gives forth no breezes from its surface”
(Herodotus, The Histories, 2, 19).
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First explanation described by Herodotus

«aAAa EAAnvwv pév tiveg émionuot BouAduevol yevéadai ooinv EAséayv niepi tol Udato¢ TouToU TPLPATiaC
060U¢: TWV TAC¢ UEV SUO TWV 086wV oud’ aéli puvnodivai i un ooov onufjvat BouAduevoc poivov».

“Some of the prominent Greeks, however, wishing to get a reputation for
wisdom, have offered explanations of the phenomena of the river, for which they
have accounted in three different ways. Two of these | do not think it worth while
to speak of, further than simply to mention what they are” (ibid. 2, 20).

«T@V N ETépN pév Aéyel ToUC étnoiac avéuouc elvat aitiouc mAnTUEgLY ToV motaudv, kwAvovtac é¢ SdAaooav
Ekpeetv tov NetAov. moAAakic &€ €tnoiat puev oUkwv Envevoav, o € NetAog TwuTo Epyaletal. mpoc &€, €l ETnoia
aitiot Hoav, xpfv kai Touc GAAouc motapoUc, Goot ToiotL éTnainot avtiot PEoUTL, OUOlwWC TACXELY KAl KOTA T aUTA
T Neidw, kai udAAov ETL TOoOUTW O0W EAACOOVECG EOVTEC AOUEVEOTEPA T PEVUATA TTAPEXOVTAL. £i0l &€ TOAAOL UEV
v i Zupin motauoi moAdoi ¢ év i AtBUn, of 0USEv Totolito macyouaot olov Tt kai 6 NeiAoc. »

“One says that the Etesian [i.e. monsoon] winds cause the rise of the river by
preventing the Nile-water from running off into the sea. But in the first place it
has often happened, when the Etesian winds did not blow, that the Nile has risen
according to its usual wont; and further, if the Etesian winds produced the effect,
the other rivers which flow in a direction opposite to those winds ought to
present the same phenomena as the Nile, and the more so as they are all smaller
streams, and have a weaker current. But these rivers, of which there are many
both in Syria and Libya, are entirely unlike the Nile in this respect” (ibid. 2, 20).
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Second explanation described by Herodotus

«n &’ ETEPN AVETIOTNUOVECTEPN UEV EOTL TAC AEAeYUEVNC, Aoyw O¢€ eimelv Ywuaolwtépn:
N Agyet ano 1ol Nkeavol pgovta avtov talta unyavaodal, tov &€ Qkeavov yiv rmepi
tdoayv pesw. [...] 0 6€ nepi 1ol Nkeavol Agéac £¢ apavecg tov uidov aveveikac ouk Exel
ENeyyov: oU yap Tva Eywye olda motauov Qkeavov éévra, ‘Ounpov 8¢ A Tvd Twv
TTPOTEPOV YEVOUEVWYV TTOINTEWV SOKEW TO OUVOUN EUPOVTA EC TTO(NOLV E0EVEiKaoUAL. »

“The second opinion is even more unscientific than the one just
mentioned, and also, if | may so say, more marvellous. It is that the
Nile acts so strangely, because it flows from the ocean, and that
the ocean flows all round the earth. [...] As for the writer who
attributes the phenomenon to the ocean, his account is involved in
such obscurity that it is impossible to disprove it by argument. For
my part | know of no river called Ocean, and | think that Homer, or
one of the earlier poets, invented the name, and introduced it into
his poetry” (ibid. 2, 21&23).
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Third explanation described by Herodotus

«n &€ Tpitn TWV 06WV MoAAoOV Enteikeotatn éolioa uaAiota EPevatal: Aéyet yap én oud’ ao'rg oUb¢€v, pauévn tov NetAov pEstv amo
TNKOUEVING XLOVOG: OC PEEL UEV €k ANBUNC Stla uéowv Aidionwy, EkSLdotl 6 £¢ Alyumrtov. kW¢ wv STa pEot AV ATTO XLOVOC, Ao TWV
Jepuotdtwy PEwv ¢ T YuxpoTepa Ta moAAa €att; avépl ye AoyileoBal ToloUTWV MEPL Olw TE EOVTL, WG OUSE OIKOC QIO XL1OVOC ULV
PEELV, IPWTOV UEV KAl UEYLOTOV HAPTUPLOV 0L GVEUOL TIOPEXOVTAL TIVEOVTEG AITO TWV XWPEWV TOUTEWV Jeppoi: Seutepov 6¢ ot
avouBpoc n ywpn koai akpuotaAdoc StateAécl Eolioa, Emi &€ xLovL TECOUON MACH AVAYKN EOTL UOOL EV MEVTE NUEPNOL, WOTE, 1 EXLOVILE,
Ueto av talta ta ywplia: tpita 5¢ ol Avipwrtol Uno tod KAUUATOC UEAQVEG EOVTEC. (KTIVOL O€ Kal XEALOOVEG 8L €TEOC EOVTEC OUK
amoAeimouaot, yépavol 5 pevyouvoat TOV XELUDVO E('JV &V T ZKUTIK]] xwpn YIVOUEVOV QOLTWOlL ég XELUOINV €G TOUC TOTTOUG TOUTOUC. £l
TolvuV EXLOVILE Kal ooV WV TaUTNV TNV YwpnVv 8L ng Te PEcL kal €k Ti¢ dpxetat pewv o0 NeTAog, nv Av ToUTwV 0USEV, w¢ 1 Avaykn
EAEYXELY

“The third explanation, which is very much more plausible than either of the others, is
positively the furthest from the truth; for there is really nothing in what it says, any more than
in the other theories. It is, that the inundation of the Nile is caused by the melting of snows.
Now, as the Nile flows out of Libya, through Ethiopia, into Egypt, how is it possible that it can
be formed of melted snow, running, as it does, from the hottest regions of the world into
cooler countries? Many are the proofs whereby any one capable of reasoning on the subject
may be convinced that it is most unlikely this should be the case. The first and strongest
argument is furnished by the winds, which always blow hot from these regions. The second is
that rain and frost are unknown there. Now whenever snow falls, it must of necessity rain
within five days, so that, if there were snow, there must be rain also in those parts. Thirdly, it is
certain that the natives of the country are black with the heat, that the kites and the swallows
remain there the whole year, and that the cranes, when they fly from the rigors of a Scythian
winter, flock thither to pass the cold season. If then, in the country whence the Nile has its
source, or in that through which it flows, there fell ever so little snow, it is absolutely

impossible that any of these circumstances could take place” (ibid. 2, 22).
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Herodotus’ own explanation

«&l 6 O€ET UEUY AUEVOV YVWUOC TAC TTPOKELUEVOC QLUTOV TTEPL
TWV d@avewv yvwunv arnodeéaodal, ppaow &t 0 TL Lot
dokeel mAnBuveoBat 0 NetAoc¢ tol BEpeoc: TV xelUePLYNV
wpnv aneAauvouevoc o NALoc gk tic apyainc dteéodou Umo
TWV YELUWVWYV EPXeTal TAC ANlBUNC T AVw. WG UEV VUV EV
Elayiotw SnA@oau, mav elpntat: TAC yap &v dyyotdtw Te N
XWPNC oUToC 0 9€0¢ Kai Katd fjvtiva, TadTnVv oiko¢ StPiv te
véatwv udAiota kai ta Eyywpla pevuata papaiveodol
TWV MOTAUWV. »

‘»
i |

“Perhaps, after censuring all the opinions that have ;

been put forward on this obscure subject, one ought to I J i mo—m,@ J 1
propose some theory of one's own. | will therefore Herodotus (484—425 BC)
proceed to explain what | think to be the reason of the Image source: Visconti (1817)

Nile's swelling in the summer time. During the winter, the sun is driven out of his
usual course by the storms, and removes to the upper parts of Libya. This is the
whole secret in the fewest possible words; for it stands to reason that the
country to which the Sun-god approaches the nearest, and which he passes
most directly over, will be scantest of water, and that there the streams which
feed the rivers will shrink the most” (ibid. 2, 24).
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Who supported the three explanations discussed
by Herodotus?

Aetius, the 15t- or 2"-century AD doxographer and Eclectic philosopher, reveals
the supporters of the three explanations.

Interestingly, the first explanation is attributed to Thales, which highlights the
strong link of hydrology with science (or natural philosophy), at the dawn of the
latter:

«OaAfi¢c ToUC ETnoiaC AVEUOUC OLETOL TVEOVTAC Tfj AlYUNTW QVTUTPOoWItou¢ Enaipety tod Neidou tov
Oykov bla To Ta¢ EKpodc autol T/ moapotdnoel ol AVTUTOPHKOVTOC TEAXYOUC AVAKOMTECT ALY
(A€toc IV, 1, 1).

“Thales thinks that the Etesian winds (monsoons), blowing straight on to Egypt,
raise up the mass of the Nile’s water through cutting off the outflow by the
swelling of the sea coming against it” (Aetius 1V, 1, 1).

The second was supported by Euthymenes of Massalia (EbBupévng o
MaoooAwwtng; fl. early 6thcentury BC), a Greek explorer from Massilia
(Marseille), who explored the coast of West Africa.

The third seems to have been supported by Anaxagoras and in another version
by Democritus (460-370 BC).
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The solution of the paradox by Aristotle

«"OtL ol ETNOlaL TVEOUOL KATA TOV Kalpov Tol dkuatotatou F€pouc bt aitiav totavtnv. O ALOC UETEWPOTEPOC KAl
Q70 TWV UECNUBPLVAV TOTTIWV APKTIKWTEPOC YPIVOUEVOC AUEL TA UYPO TA €V TATC APKTOLG Auoueva &€ talta
gaepoltal, e€aepouueva b€ nvevuatoltal, Kol £k ToUTWV yivovtal ol Etnotat aveuot [...]. EKel 6n taldta
EKQEPOUEVA MPOOTIINTEL TOIC UYnAotdrtolc Opeat tic Aitoniac, kai moAda kai adpoa yivoueva arepyaletal
UETOUC" KAl €K TWV UETWV ToUTWV 0 NeTAo¢ mANuUUpET tod 9€pouc, amo TWv ueonuBpivv kai Enp@v Tomwy pewv.
Kai toto AplOTOTEANG EMPayUATEVOATO" AUTOC Yap QMO THG PUOEWCS EPYW KATEVONOEV, aélwoag méuyalt
AAéEavdpov tov Makebova gic Ekeivoug ToU¢ Tomous Kail oYet thv aitiav ti¢ tod Neidov avénosw¢ napaAaBeiv.
A6 pnowv wg to0To OUKETL TP6BANua EoTv’ Wpdn yap pavepis OtL £§ vet@wv abdel. Kai <Avetat> 10 napasdoéov,
<OTL> €v 10l¢ Enpotarolc tomolc ti¢ Aitomiac, €v oi¢ oUte yewuwv olte Udwp €oti, EuuBaivel tod F€pouc nAgiotouc
vetouc yiveoSar» (Avwvupocg, Bloc Mubayodpou, oto Qwtiou, MuptoBiBAov, Anon,
https://el.wikisource.org/wiki/Maptupiat_(AploToTEANC).

“The Etesian winds [i.e., monsoons] blow during the peak of the summer for this reason.
The sun, at the zenith passing from south to north, disintegrates the moisture from the
arctics and once this moisture is disintegrated, it evaporates and gives rise to monsoons
[...] When they reach the high mountains of Ethiopia and concentrate there, they produce
rains. These rains in full summer cause the flood of the Nile and make it overflow, while it
flows at the northern arid regions. This was analysed by Aristotle, who, by the
superiority of his mind, understood it. He demanded to send Alexander of Macedonia to
these regions, and to find, by sight, the cause of the flooding of the Nile. That's why
they say there is not a problem anymore. It became apparent by sight that the flow is
increased by these rains. And this solved the paradox that in the driest Ethiopian [i.e.
African] places where there is no winter nor rain, it happens that in the summer strong
rainfalls occur” (Photios, Bibliotheca, Comments on Anonymus, Life of Pythagoras,

http://remacIe.org/bIoodonf/erudits/photius/pythagore.htm)
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The Nile (non)paradox
in modern terms
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Verification of the story by other philosophers

«Epatocdévnc 6¢ oUKETL pnoiv <mpdBAnua glvat> oUSE Intelv xphivat mepl thc avénoewc Tod
Neidou, oa@@c Kol apikouEvwy TIV@V €i¢ Tac¢ tod Neidou nmnyac kol Touc 6UBpouc ToUC YIYVOUEVOUC
EWPAKOTWYV, WOTE Kpatuveodatl tnv AptototéAdouc arnodootv» (MpokAog o AUKLOG, 2xOALa, MAATwWVOC
Tilpatog, 22 E—I1 121, 8 Diehl).

“Eratosthenes, however, says, it is no longer requisite to investigate the cause of
the increase of the Nile, once some have reached at the springs of the Nile and
saw the rains that occur there, so as to corroborate what is said by Aristotle”
(Proclus, Commentary on Plato’s Timaeus, 22 E—I1 121, 8 Diehl)

«Tfic yap Aidortiac vnAolic mapa to kad' nudic 6peot SLelwWoUEVNC UTTOOEXOUEVNC TE TOC VEPEANC
TTPO¢ TV Etnoiwv wBouuévag, Ekditdovart tov NetAov. wc kai <KaAAtoGevnc> o MeptmatnTikoc v Tt
TeTaptwl BiBAiwt T@v EAAnvik@v (124 F 12) <pnotv eautov cuotpatevoaodoal AAeéavdpwt TwL
Makebovi, kal yevouevov Eri tii¢c Aitoniac eupelv tov Netdov €€ ameipwv 6uBpwv kat' Ekelvnv
VEVOUEVWV> Katapepouevov» (lwavvng Aaupgvtiog o Audog, De mensibus, 4, 107).

“For since Ethiopia is girdled by mountains higher than ours, as it receives the
clouds that are driven by the Etesian [winds], the Nile swells. As Callisthenes the
Peripatetic also says in the fourth book of his Hellenica that he campaigned with
Alexander the Macedonian, and when he was in Ethiopia he found that the Nile
is driven down by the endless rain-storms that take place in that [area]” (John

the Lydian, On the Months, 4, 107).
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When was Aristotle’s theory accepted?

The mythological views are more charming than scientific and, hence, they continued to
be popular during the Roman times. The Roman epicurean philosopher Lucretius (c. 99 —
c. 55 BC) and the stoic philosopher Seneca (4 BC —65 AD), both of whom wrote about
Nile, did not rely on Aristotle’s scientific explanation. Rather, they were fascinated by the
Nile for its mystery, not its demystification. An excellent summary of the reasons is
contained in the following quotation by Merrills (2017):

The metaphysical qualities of the Nile—a river that replicated each year the origins of
the world, and which overspilled its banks even into the bathhouses and taverns of
Pompeii—were essential to its resonance in the Roman world.

The reference to Pompei encapsulates the archaeological evidence of sacred objects and
iconographies for Nile and its waters.

And what about modern times? Were the mythical views abandoned after the first
guantification of the hydrological cycle in the 17th century? This question is studied in
detail in Koutsoyiannis and Mamassis (2021).

In brief, the surprising answer is that a new mythology was developed around a “theory”
of the “nitre” which was a mythical element that presumably caused the flooding of the
Nile, while rainfall in Ethiopia had a minor role, if any.
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When was
Aristotle’s theory
accepted?

It took the visit to the origins of
the Blue Nile of the Scottish
traveller James Bruce and the
publication of his book (Bruce,
1813) for the modern mythical
theory to cease.

Question (food for thought):

Why Aristotle’s incorrect
geocentric system was so
popular while his correct
explanation of the Nile was
unpopular?
Frequency of appearance of the
indicated words in books hosted in the
Google books platform in three
languages: (upper) English; (middle)
French; (lower) German.
Source: Koutsoyiannis and Mamassis (2021)
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Aristotle, Alexander and the
Hellenistic World

Aristotle, in addition to his many scholarly achievements, was tutor
of Alexander the Great.

Alexander, during his campaign, in which he conquered big parts of
Asia and Africa, was exchanging letters with his tutor (and his
mother Olympias), addressing his as professor (kaBnyntnv).

=

The respect of the student to his mentor* resulted in the first Aristotle (384 — 322 BC)
scientific expedition in history in order to confirm a scientific

hypothesis.

The Hellenistic period, which starts with the death of Alexander in
323 BC and ends with the emergence of the Roman Empire in 31
BC, is marked by the wide dissemination of the Greek civilization
and the flourishing of science.

*Note that such respect is not the rule in history: Remarkable il b
counterexample is the conspiration of Kolmogorov, Alexandrov and Alexander of

other students of Luzin, to convict their mentor likely to death—an Macedonia / the Great
attempt which was prevented by intervention of Kapitsa and (356-323 BC)

Source of images: Visconti

ultimately by a decision of Stalin (Graham and Kantor, 2009). (1817)
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Prominent scientists of the Hellenistic period: Aristarchus

Aristarchus of Samos (310 — 230 BC; mathematician and astronomer), introduced the
heliocentric model for the solar system 1800 years before Copernicus. He also said that the
stars were distant suns and made calculations on the relative sizes of the Sun, Earth and Moon.
Notably, before him also the Pythagorean philosopher Philolaus (470 — 385 BC) had moved the
Earth from the center of the cosmos and made it a planet, but in Philolaus’s system Earth does
not orbit the Sun but rather a central fire.

Interestingly, Copernicus in the manuscript of his book De revolutionibus included a citation to
Philolaus and Aristarchus but he crossed it out before publication. The point that was crossed
out, translated in English (Gingerich, 1973, 1985), reads:

[...] It is credible that for these and similar causes (and not because of the reasons that
Aristotle mentions and rejects), Philolaus believed in the mobility of the Earth and some
even say that Aristarchus of Samos was of that opinion. But since such things could not be
comprehended except by a keen intellect and continuing diligence, Plato does not conceal
the fact that there were very few philosophers in that time who mastered the study of
celestial motions.

my‘cMww; Quo 0-1-7 of bypothefi vhrermr T
Part of page 22 of Book 1 of fmv»ﬂ-mhom/lmr M

Copernicus’s manuscript showing the
references to Philolaus, Aristarchus and "‘"‘f“ PML‘W 35 J.M , ‘C__/""f P i,
the Greek cosmology, which he crossed ,l,"m /. W,,, o on M4 .

out before publication of his book De mhom moh : qia_allegat very sbat. f Arﬁvh' - Ged covm

revolutionibus | ke _’":’;’7'2”"/'”",'” I" ',,' :f;‘
Source: Tz’ mf" ent P “::: lmc“ma ¥
http://copernicus.torun.pl/en/archives/De_revolutioni 7}" }"“’"‘ f'“ po ¥ 'ﬁ gt ey

bus/1/?view=gallery&file=1&page=22 | yahofit, n platony P 7 "/ /”" oy WI"“"“‘
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Prominent scientists of the Hellenistic period: Eratosthenes

Eratosthenes (276 — 195 BC; head of the Library at Alexandria, following the windings of the
Nile, calculated the distances between several points on the Nile up to Meroe (Strabo,
Geography, 17.1.2; Rawlins, 1982). Perhaps because of this, he is often credited by several
authors for solving the paradox of the Nile.

However, in view of the information provided here (in particular by Proclus), his achievement
seems to be no more than a further verification of Aristotle’s theory. He also seems to have
been aware of the earlier expedition to the Nile sources for the purpose of proving Aristotle's
theory (Burstein, 1976).

One of his biggest achievements was to calculate, with remarkable accuracy (<2.5%) the
Earth’s circumference by measuring, at the noon of the day of summer solstice, the shadow
cast by a gnomon at Alexandria N
and the distance between and ;

Alexandria and Syene, where the (&=, ..

latter is situated close to the S
Tropic of Cancer.

Despite the advancements in
geography during the Hellenistic
period, the achieved geographical
representation of the Earth

was rather poor.

Map of the World according to
Eratosthenes
Reproduced by Rhys (1912)
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Prominent scientists of the Hellenistic period: Hipparchus

Hipparchus, the Greek astronomer, geographer and mathematician, and founder of
trigonometry introduced the term climate (kAipa, pl. kKAipota). Its etymology from the
verb kAlvelv (= to incline) expresses the dependence of climate on the seasonal pattern
of inclination angles of the incoming sunbeams.

Note that the notion of climate had been studied earlier by Aristotle, who used another
term, crasis (kpdolg = mixture, blend) (see also Koutsoyiannis, 2021a,b).

Perhaps Hipparchus’s most remarkable achievement is the discovery of the precession of
the equinoxes, one of the cycles in Earth’s motion, with period of about 21 000 years,
that determine the long-term changes of the climate. This constitutes one of the several
now called Milankovitch cycles.

Hipparchus of Nicaea (190 — 120 BC),

_ depicted in the back facet of a coin whose
=- front facet shows the Roman emperor

%= Severus Alexander (M. AYP. ZEY.

&= ANEZANAPOZ AY = Marcus Aurelius

4= Alexandros Augustus)

Image source: Visconti (1817)

D. Koutsoyiannis & N. Mamassis, The development of science from the Greek antiquity to the early modern period 43



Prominent scientists of the Hellenistic period: Archimedes

Archimedes (287 — 212 BC) was the leading scientist (mathematician, physicist, engineer,
inventor and astronomer) of the Hellenistic world, and is regarded to be perhaps the
greatest mathematician of all time. While Aristarchus’s heliocentric system was contrary
to “consensus theory” for 1800 years, it is important to notice that it was adopted by
Archimedes. In fact, he provides the most precious information about Aristarchus’s ideas:

It is hypothesized [by Aristarchus of Samos] that the fixed stars and the Sun remain
unmoved and the Earth revolves about the Sun in the circumference of a circle, with
the Sun lying in the middle of the orbit and the sphere of the fixed stars, situated
about the same centre as the Sun, is so great that the circle in which the Earth is
hypothesized to revolve, bears such a proportion to the distance of the fixed stars as
the centre of the sphere bears to its surface (Archimedes, The Sand Reckoner).

It is well known that Archimedes offered several important contributions in mathematics,
including the concept of infinitesimals and a first version of integral calculus. From the
hydrological perspective, important is the principle named after him and the foundation
of hydrostatics. From his inventions most relevant to hydrology is Archimedes’ screw,
which is still in wide use for pumping.

The Fields Medal (regarded as the highest honour for mathematicians)
W depicts Archimedes. The head of Archimedes in the medal is

-~ synthesized by the imagination of the artist (Tropp, 1976), as there is
no original sign about it, neither in sculpture nor in coins

Image source: https://en.wikipedia.org/wiki/Fields_Medal
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Prominent scientists of the Hellenistic period: Heron

The scientist of the Hellenistic period with the greatest contribution to hydrology is
Heron (Hero) of Alexandria (mathematician and engineer who most likely lived in the 1st
century BC or the 1st AD; see Woodcroft, 1851). He studied the notion of pressure and
pneumatics and invented a steam machine. He introduced the term hydraulic (organ) for
a musical instrument operated by hydraulics (U6pauAwkov dpyavov), which he describes
in his book Pneumatica (Mvevpatikd; Schmidt, 1899, p. 192, “YépauAikoD 6pydvou
kataokeun”; Woodcroft, 1851, p. 105). His contribution to hydrology is that he
introduced the concept of discharge and its measurement. Here is the relevant passage
from his book Dioptra (Alomtpa):

Mnyfic unapyouon¢ EmokEYaoBol TNV ATOPPUCLY AUTHC, TOUTECTL TNV avaBAuaotv, Oon Eativ. eibeval UEvTOL xpn OTL
oUK dei n avaBAuoic n autr Stauevel. OUBpwv UEV yap OvTwyV EmTeiveTal LA TO Ml TWV 0pWV T0 Udwp rAgovalov
Blatotepov ekBAiIBeodal, auyu@v &€ 6vtwv armoAnyet n puotc dta to un Entpepeobat mAgov UOwp. ai puevtol
vewvaial tnyai o mapd moAu tiv avdBiucow loyouaotv. St o0v mepidaBovra to mav tic nnyfc U6wp, WoTe
undauobev anoppelv, cwAfjva tetpaywvov LoAtBodv rotfjoal, otoyaodauevov uGAdov ueilova moAA® tic
drmoBuoewc: eita U’ €voc Témou évapudoat altov wote St altold 10 €v Tfi nnyi Udwp droppelv. SeT ¢ avtov
KeloBat (¢ TOV TAMELVOTEPOV TIC TTNYFC TOTTOV, WOTE EXELV AUTHV AITOPPUCLY. TOV OE TATELVOTEPOV EMIYVWOOUED
TG rtnyfig tonov bta ¢ Stomtpag. anmoArpetal o0V 10 droppéov S1a Tol cwAfjvoc USwp v T meptoTouiw Tod
owAfjvoc: olov armoAauBavei[v] SaktuAoucg B° Exetw &€ kai TO mAdtoc Tod neptotouiov tol owAfjvoc daktuAouc ¢
géakig Suo yivovrat 18 <amopavouueda 61 tnv avabAuoty tfg nnyfis SaktuAwv 18>. eibeval 6€ xpn 6TL ouk E0TLV
aUTAPKEC TPOC TO Emiyv@val, mooov xopnyel Udwp n rtnyn, [A] 10 EUPETV TOV Bykov Tol pevUATOC, OV AEYOUEV Elval
SaktUAwv 1B, dAAa kal TO TayoC aUTOU " TAXUTEPAC UEV Yap oUCNC THC pUTEWC TTAEoV Ertiyopnyel To Udwp,
Bpadutépac &€ uelov. 610 SeT UMTO TNV TG MNyfic puoty dpuvéavta tappov tnpficat €€ NAtakol wpookortiou, €V TLvi
wpa tooov aroppel UOwpP Ev Tfj TaPpw, Kai oUTwC otoyaoaoBat To Erttyopnyouusvov Udwp EV Tf) NUEPQ TTOTOV
£0TIV, WOT 0UOE avaykalov 0Tl TOV OYKOV TAC PUCEWC TNPETV" dLa yap told xpovou bnAn éotiv ) xopnyia. (Hpwv o
Ale€avdpeug, Alomtpa, Schoenne, 1976)
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Prominent scientists of the Hellenistic period: Heron (2)

Translation of the Greek text:

Given a spring, to determine its flow, that is, the quantity of water which it delivers. One must,
however, note that the flow does not always remain the same. Thus, when there are rains the
flow is increased, for the water on the hills being in excess is more violently squeezed out. But
in times of dryness the flow subsides because no additional supply of water comes to the
spring. In the case of the best springs, however, the amount of flow does not contract very
much. Now it is necessary to block in all the water of the spring so that none of it runs of at any
point, and to construct a lead pipe of rectangular cross section. Care should be taken to make
the dimensions of the pipe considerably greater than those of the stream of water. The pipe
should then be inserted at a place such that the water in the spring will flow out through it.
That is, the pipe should be placed at a point below the spring so that it will receive the entire
low of water. Such a place below the spring will be determined by means of the dioptra. Now
the water that flows through the pipe will cover a portion of the cross-section of the pipe at its
mouth. Let this portion be, for example, 2 digits [in height]. Now suppose that the width of the
opening of the pipe is 6 digits. 6 x 2=12. Thus, the flow of the spring is 12 [square] digits. It is to
be noted that in order to know how much water the spring supplies it does not suffice to find
the arca of the cross section of the flow which in this case we say is 12 square digits. It is
necessary also to find the speed of flow, for the swifter is the flow, the more water the spring
supplies, and the slower it is, the less. One should therefore dig a reservoir under the stream
and note with the help of a sundial how much water flows into the reservoir in a given time,
and thus calculate how much will flow in a day. It is therefore unnecessary to measure the arca
of the cross section of the stream. For the amount of water delivered will be clear from the
measure of the time. (Hero, Dioptra, 31, English translation by Cohen, 1958)

D. Koutsoyiannis & N. Mamassis, The development of science from the Greek antiquity to the early modern period 46



Modern scientific terminology related to hydrology

Several terms related to hydrology appear in the ancient Greek literature. Specifically:

m  The modern term vdpauAikn (hydraulics) stems from vdpauvAikov (hydraulic)
opyavov, a musical instrument operated by hydraulics and invented by Ctesibius*; it
is also known as UdpauAic (), which is played by a musician called v6pavAnc.

m  The term meteorology stems from uetewpoAoyica, which in turn stems from uetéwpa
(meteors; note, in the ancient literature, in addition to hydrometeors, meteors
include the heavenly bodies); a person who studies uetewpoAoyia is puetewpoAoyoc
or uetewpoAoyikoc (cf. Plato’s Phaedro 270a and Aristotle’s Meteorologica).

m  The term climate stems from kA{ua (meaning the inclination angle of the incoming
sunbeams; pl. kAiuata); a property pertaining to kAiua is KA(UoTikoc.

*Related ancient Greek terms, not in international use today, include:

m  The conveyance of water or liquids is termed vépaywyia (1)), and a person (or device) related to
it udpaywyoc.

= The actions of drawing, fetching or distributing water are termed vépeia, O6pevoic and
vbpornapoyia; a person related to them is termed vdponapoyoc and a guard or inspector of
aqueducts or irrigation works vépo@uAaé.

= The action or art of seeking or discovering water is termed vdpookortia, Udpookortikr or
vbpoavrtikn (verb: udpookomew); a person related to it is udpookoroc, vdpoyvwuwv or
vdpopavtnc and a related instrument is udpookormiov.
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The term hydrology in modern times

Hydrology is a Greek word (i.e., UdpoAoyia; feminine noun transliterated in Latin
as hydrologia), but it does not appear in the ancient Greek literature. The closest
match it contains is UdpoAodylov (hydrologion, a noun in neuter gender), which
however is a water-clock. Its plural, 06poAoyLa, is transliterated in Latin as
hydrologia, precisely the same as the transliteration of U6poAoyia (notice that in
Greek there is a difference in the location of the accent).

According to our search in digital archives of old books, the first containing the
term hydrology in its French version, hydrologie, is the book by Landrey (1614).
It appears that the main orientation of those books was medical.

At the end of the 18th century and during the 19th century, the domain covered
by the term hydrology is expanded to include natural sciences (physics,
meteorology, climatology), geography and hydraulics.

At the end of the 19th century an international congress of hydrology and
climatology was held at Biarritz, France (in Bay of Biscay close to the Spanish
borders) as reported by Symons (1887). In this, hydrology was divided in two
branches, medical hydrology and scientific hydrology; key persons of that
congress were medical doctors but there was also one explorer and geographer,
and one meteorologist.
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Books published in the 17th through 19th century

whose title/subtitle contains the term hydrology
No. [Author(yea)  [Ttle " liaeuage [scope*’

EB Landrey (1614) Hydrologie ou Discours de I'Eaue French M,P
m Licetus (1655) Hydrologiae Peripateticae Disputationes de Maris Tranquillitate Latin P

m Derham (1685) Hydrologia Philosophica English M,P
m Melchiore (1694) Hydrologia Brevis Quidem German M
_ Vinayma (1738) Hydrologia, o Tratado de las Aguas Ferrugineas ... Spanish M
[ Wallerius (1751)  Hydrologie German' C
Cartheseur (1758) Rudimenta hydrologiae systematicae Latin M

Hanovius (1765) Philosophiae Naturalis sive Physicae Dogmatica ... Continens Latin P
H Aérologiam et Hydrologiam
m Monnet (1772) Nouvelle Hydrologie French

Eliseo (1790) Physicae Experimentalis Elementa ... Hydrostatica, Hydrodinamica, Latin H,N
H Hydraulica, Hydrologia

Barrington (1850) A Treatise on Physical Geography Comprising Hydrology, English G
H Geognosy, Geology, Meteorology...
ﬂ Beardmore (1862) Manual of Hydrology English H

* Main scope classified as follows: C- Chemistry, mineralogy, G: Geography; H: Hydraulics;
M: Medicine; N: Natural sciences (physics, meteorology, climatology); P: Philosophy.
"Translation from the original edition in Swedish (1748)

See also Koutsoyiannis (2012).
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Title page and first two pages of the book Hydrologie ou Discours de I'Eaue by Jehan (Jean) Landrey
(a French King’s doctor) (Landrey, 1614). From the title page it becomes clear that the book is about
the virtue and power of medicinal waters (la vertu & puissance des eaues médicinales). In the first
pages the author declares that he follows the doctrine of the philosopher to begin with the genus
and proceed to the species, while he quotes Pindar’s verse UOwp Aaplotov (I’eau tres bone; water is
best; the exact quotation is dplotov pev 06wp, Pindar, Olympian Odes, 1).
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Title page and first page of the book Hydrologiae Peripateticae Disputationes de Maris Tranquillitate
by Fortunio Liceti (1577-1657, an Italian physician and philosopher) (Licetus, 1655). The adjective
Peripatetica in the book title shows the influence of Aristotle (whose School was named
Mepuratntiki 2XoAn) on Liceti. The title page summarizes the content of the book (origin of the
rivers from the mountains, meteorology, Dead Sea/Lacus Asphaltitis etc.). The names of Aristotle,
Plato, Xenophon and Socrates appear already in the first page. The content of the book includes
descriptions of various rivers in Asia, Africa (including the Nile) and Europe (mostly Greece).
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Title page and first page of the book Hydrologia Philosophica by Samuel Derham (1577-
1657, a British physician ) (Derham, 1685). As clarified in its subtitle, the book is not quite
philosophical but refers to properties of the water of a particular spring.
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Hydrologia
Brevis
Quidem

Title page and first page of the book Hydrologia Brevis Quidem by Eberhard
Melchior (unknown details) (Melchiore, 1694)
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Title page and first page of chapter 1 of the book Hydrologia, o Tratado de las
Aguas Ferrugineas ... by Vicente Vinayma (a Spanish medical doctor; unknown
details) (Vinayma, 1738). The book features a divine link of water.
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Hydrologie
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Title page and last page with figures of the book Hydrologie by Johan Gottschalk
Wallerius (1709-1785; a Swedish chemist and mineralogist ), translated to German by

Johann Daniel Denso (Wallerius, 1751) from the original edition in Swedish (Hydrologia;
Wallerius, 1748)
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Rudimenta
hydrologiae
systematicae
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Title page and first page of the book Rudimenta hydrologiae systematicae by
Friedrich August Charteuser (medical doctor; unknown further details)
(Cartheseur, 1758).
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Philosophiae
Naturalis
sive Physicae
Dogmaticae

PHILOSOPHIAE NATVRALIS

SIVE

PHYSICAE
DOGMATICAE

TOMVS IL
CONTINENS

AEROLOGIAM

HYDROLOGIAM
VEL SCIENTIAM AERIS ET AQVAE.

TAN QVvaA M
CONTINVATIONEM SYSTEMATIS
PHILOSOPHICI

CHRISTIANI L. B. bpe WOLFF,

POTENTISSIMI BORVSSORVM REGIS CONSILIARI INTIML
FRIDERICIANAE CANCELLARII ET SENIORIS ETC,

AVTORE
MICHAELE CHRISTOPH. HANOVIO,

GYMNASII ACADEMICI GEDANENSIS PEOFESL ‘FHILOS,
I\fSDEHQ.\"! BIBLIOTHECARI
HALAE MAGDEBVRGICAE,
PROSTAT IN OFFICINA LIBRARIA RENGERIANA
MDCCLXV.
T

Qud f
aguit

,‘64 PHYSICHE PART. 1L SECT. IL CAPR L

PHYSICEZ DOGMATICE
PARTTIS IL
SECTIO IL
CONTINENS HYDROLOGIAM.

CAPVT L
DE
AQVA IN GENERE S HYDROLOGIA

GENERALL
§ 462
giam vocamus communem animalium porum; vel com.
mune vehiculum ali um. (uoniam hic queerimus *

notas aque omnibus facillime obvias, poffumus eam quo-
que dicere materiam omnium fAuviorum, ftagnorum, marium-
que. Quanguam & unum illorum nominafle fufficit, v. c.eft ma-
teria maris, materia oceani, materia fluvii eujulgue.  Si mous
malumus iam ante definitas, aqua erir mareria pluvie, vel ply-
via vulgaris (ipi). Neque male dicerur elemenum humi-
dum: accepro humide pro éo, quo madefcunt corpora, dum
eo adiperguntur vel imbibuntar §. 210. 2. L Aquam .4vi-
Jfoteles L. ¥, Meteovel, ait. \r;‘s Tups \.u]m , aqua eft humidi
corpus (fubflantia). Humediari, inquir, eﬂ & aquam fieri
Plyfic. wot.

.* Confiltenrem (in poris opinor elrerins eorporis, quos fubiit),

& liguefieri concretam  (in nivem aut glaciem ). Cap. 7.
Lib, 1. de Genvr, & corvupt. aquam dicit frigidem & humi-
dapn, *

Title page and first page of the book Philosophiae Naturalis sive Physicae Dogmaticae (vol. 2 of 4) by
Michaele Christoph Hanovius (Michael Christoph Hanov, 1695-1773; a German meteorologist,
historian and mathematician ) (Hanovius, 1765). The book cover states that it is a continuation of the
philosophical system of the German philosopher Christianus de Wolff . An impressive element in the
title is the “dogmatic” character, which today would be regarded inconsistent with physics. In

addition to hydrologia, the book contains aerologia, perhaps influenced by the Hippocratic discourse
“Nepl agpwv, vdatwv, TOMwWV”.
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‘ Nouvelle
Hydrologie

& F

NOUVELLE O

HYDROLOGIE,

ou
NOUVELLE EXPOSITION

PELA NATURE ET DE LA QUALITH
.DES EAUX,;

Avec un Examen de I'Eaude la mer, fair
en différents endroirs des Chtes de France,
O LON A FOINT

UNE DESCRIPIION DES SELS MNATURELS,

A LONDRE L
Er fe troupe & Panrs,

P.Fr. Droor le jeane, Libraire de 13 Facnl)
de Médecine de Paris , uai des A ugniflin
Eome, Libraire, rac Sainc-Jean de Beauvais,

prés de la roe des Noyers,

AN =
L)z, M, DCC, LXXIL

NOUVELLE
HYDRAULOGIE,

ou
NOUVELLE EXPOSITION

DE LA NATURE ET DE LA QIJAI.I'IE
DES DIFFERENTES EAUX.

* CHAPITRE PREMIER.

De Peaw confidérée en elle - méme ;
Jes proprites & qualires,

EHTKSPKIHJ\.H T de trairer ici des
eaux en général , il nous a parn conve-
nable de nous atrérer d'abord 4 confi-
dérer 'ean elle-méme , non 4 la ma-
niere des Phyficiens , mais {elon cella
des Chymiftes & de quelques Minéra-
logiltes: les uns & les nu;:elep ont des”’
1

Title page and first page of the book Nouvelle Hydrologie by Antoine Grimoald Monnet
(1734-1817; a French mineralogist ) (Monnet, 1772). In addition to the quality of potable
water, it examines the sea water and the natural salts (sels naturels). Notable is the
spelling hydraulogie (likely influenced by hydraulics) in the first page, also used
throughout the entire book, which is different from that in the book cover, hydrologie.
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‘Phyﬂcae
Experimentalis
Elementa
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PHYSIC/E EXPERIMENTALIS

ELEMENTA

. R. PANCEMITANA ACADEMLE
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Et Experimentis publice inflituendis
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AUCTORE
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iica , Hydrofego , & de ivs qua od

: Terrwm gertinent eguur.
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3
PANORMI MDCCXC.

TYPIS REGIIS.

#

149
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HYDROLOGIA.

DCCCCXLV.

Nune quoniam in Hydromechanica 2.
quilibrium , motum , & impetum flaidorum
ad certas, ac multiplices leges revocavi=
mus , machinarum prafidio declaravimus ,
atque experimentis nberrime confirmavis
mus , proximum eft, Juvenes Accadeiici,
ur paule fufius Hydrologiam perfequamur,
De agua itaque peculiariter agamus opor-
tet, quod fluidum fcire natwra ipla, &
ufus frequens, & vite neceflitas cogir .
Ordiemur antem a generalibus aquwe affea

. ionibus , utiis expolfitis facilior nobis a.
ditus pateat adea, que preftantiorem u.
tilitatem preleferunt explicanda .

Premittuntur & explicantur praeci=
pue adf-iiones aque .

DCCCCXLVI.

Aqua corpus [luidum eft odoris exoers
j .

Title page and first page of the book Physicae Experimentalis Elementa by p. Eliseo a
Conceptione (Eliseo della Concezione, 1725-1809, an Italian scholar ) (Eliseo a
Conceptione, 1790). The book contains hydrostatics, hydrodynamics, hydraulics and

hydrology.
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BY A. BARRINGTON.
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CONTENTS.
DIVISION FIRST. )
HYDROLOGY, OR DESCRIPTION OF THE WATERS.
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GENERAL DESCRIPTION OF THE OCEANS AND SEAS.
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'l'lhhdeﬂul-, [T |
;mmm . |
4 The Indian Oeean,. . 4
5. The Arctic Ocean, . . 4
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8. Inland Bess,.. 10

PART IL

PMATICULAR DESCRIPTION OF THE WATERS AND THEIR FROPERTIES.
PP | ]

gEREISRRRRUREEEES

Title page and first page of the Contents of the book A Treatise on Physical Geography by
A. Barrington (1850), whose first chapter is devoted to hydrology, beginning with a

geographic description of the oceans.
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Manual of Hydrology
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Title page and two pages from the book Manual of Hydrology by Nathaniel Beardmore, (1816-1872,
a British civil engineer ) (Beardmore, 1862). Page 60 provides a generic transformation of rainfall to
river discharge and p. 200 gives discharge observations or estimates of big rivers.
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‘ The first congress on
hydrology

Part of the paper On the proceedings
of the international congress of
hydrology and climatology at Biarritz
(Symons, 1887)

46 SYMONS—PROCEEDINGS OF INTERNATIONAL CONGRESS AT BIARRITZ.

ON THE PROCEEDINGS OF THE
INTERNATIONAL CONGRESS OF HYDROLOGY AND

CLIMATOLOGY AT BIARRITZ,
QOctoser 1880,
By G. J. SYMONS, F.R.S., F.R.MzT1.S0C., SECRETARY.

[Read December 15th, 1886.]

After several addresses had been delivered the Bureau was constituted as
follows, and the meeting closed :—

President. Dr. Durand-Fardel.
Seeretary. Dr. Garrigou.
M. Antoine d’Abbadie.

Vice-Presidents, Dr. Martineau.
M. O’Shea,

M. Chiminelli, of Florence.
. . M. Kisch, of Prague,
Vw;P: o dents M. Sontschinsky, of St. Petersburg.
LR M. Symons, of London.
M, Taboada, of Madrid.

At 8 p.m. there was a reception at the Palais-Biarritz (formerly the Villa
Eugénie), in order to facilitate personal intercourse between the members.

On October 2nd the sectional work began, three sections sitting at once.
The sittings began at 8.30 a.m. and lasted till about noon ; resuming at 2 p.m.
and closing about 4 p.m. The list of papers as printed did not by any means
mcluda all that wereread ; but even as it stood the programme was sufficiently
oFD e mbe of memoirs for each section being respectively—

L Sczmh_,ﬁc Hydrology Water analysis, micro-organisms, collection of

mineral waters, geological influences, bathing apparatus, 84.
II. Medical Hydrology.—Plysiological and medical questions, 40.
III. Olimatology, scientific and medical, 35,
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Quantification of the concept of hydrological cycle

Several scientists of the 16th century and later, whose lives and works are
extensively reviewed by Biswas (1970), have contributed in shedding light on the
hydrological cycle, even though they did not use that term—not even the term
hydrology. Among these, most prominent are:

Bernard Palissy (c. 1510 — c. 1589; French Huguenot potter, hydraulics engineer
and craftsman),

Pierre Perrault (1611-1680; Receiver General of Finances for Paris),
Edme Mariotte (c. 1620 —1684; French physicist and priest),

Edmond Halley (1656 — 1742; English physicist, mathematician, astronomer,
geophysicist and meteorologist),

John Dalton (1766 —1844; English chemist, physicist, and meteorologist)/

The last four have been the pioneers of the quantification through measurement, of
hydrological cycle—not of the concept per se, which in fact is by centuries older.

Perrault’s book is instructive in this respect, as the author puts his own work in the
perspective of the old literature. Interestingly, he published his book anonymously in
1674 in French, as well as an extended abstract in English (Anonymous, 1675), but a
few years later the book was republished with his name (Perrault, 1678), while more
recently a full translation in English appeared (Perrault, 1967).
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Summary of Perrault’s book

In the first part of his book, Perrault critically reviews other philosophers, Ancient Greek
(Plato, Aristotle, Epicurus), Roman (Vitruvius, Seneca, Pliny), medieval (Thomas Aquinas)
and early modern (including Gassendi, Francois the Jesuit, and Palissy). In particular he
disagrees with Vitruvius, Gassendi, Francois and Palissy, whose ideas he refers to as the
Common Opinion (I'Opinion Commune). In the second part he presents measurements,
calculations and theories. Referring to the River of Seine, his final result is this:

So that there needs but the sixth part of the Rain and Snow-water that falls in a year,

to run continually through the whole year. (Anonymous, 1675).

Interestingly, Perrault also refers to the Nile as follows:
But when there would be countries where it never rains, that would not prevent rivers
from flowing which would have their sources in other countries where it rains, as does

the Nile which flows in Egypt where it does not rain. [...]

Continuation of the Author’s opinion.
After having rejected the Common Opinion, after having shown that the water which
flows in the Rivers for a year is not so considerable as Aristotle and those who
followed him imagined, and that the rains can provide sufficient water to maintain
their course for a year, it only remains for me to show how the waters of the rain and
the snow that have fallen in the Rivers, can come out through the top of the
mountains to make springs. (Perrault, 1678, p. 207)
This is puzzling as in fact Aristotle’s theory on the Nile was exactly this, i.e., that rainfall in
another area (Ethiopia) was providing the water to sustain the flow (actually flood) of the

Nile.
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Recapitulation and relevance to modern science

1. Posing scientific questions (e.g., the Nile paradox) and seeking scientific explanations
was a crucial historical development, which did not prevail in earlier civilizations, as
exemplified by Herodotus’s contrast between Greek philosophers and Ancient
Egyptian intellectuals (and priests).

2. Science and philosophy were not only invented but also defined, with their meaning
clarified to be the genuine pursuit of truth, independently of other (e.g. economic)
interests.

3. Science, then called natural philosophy, was developed as part of philosophy, with
other parts thereof, i.e., metaphysics, epistemology, logic and axiology (ethics,
aesthetics), being equally developed.

2. The development of (Aristotelian) logic offered a powerful instrument for science to
distinguish sense from nonsense as well as deduction from induction, and the relative
validity of the inference based on each of these two methods.

5. The gradual development of the scientific method, which constitutes part of
philosophy, by incorporation of observation, experience and, at a later stage,
experiment, provided a solid foundation of science.

6. Central in Ancient Greek thought was reasoning as the main tool for the search for
truth. By no means does this imply that the philosophers of Ancient Greece tended to
distrust observations, as incorrectly asserted by some modern scholars (where
samples are given in the Introduction). Obviously, if this happened, it would
contradict reasoning per se (it is totally unreasonable to dismiss observations).
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Recapitulation and relevance to modern science (2)

7.

10.

Clarity (cagnveila) was also a desideratum so strong that Aristotle identified it with
truth. This is also related to the accurate accounting of the phenomena and the
attainment of accurate scientific knowledge (Lesher, 2010). The introduction of
terminology, i.e., of sophisticated terms whose meaning may not be identical to the
colloquial one, and their definitions, is another reflection of the clarity desideratum.

Formulation of a plurality of ideas by different scholars, as well as their debate, were
vital for the development of science. It is clear from the quotations given above that
Ancient Greek scholars cite and discuss each other’s ideas and theories, mostly with
proper respect and sometimes with moderate irony. Thanks to these discussions,
today we are aware of opinions of philosophers whose original works are totally lost.

The plurality of ideas and diversity of opinions, some of which necessarily were better
than other, resulted in an evolutionary process which in turn enabled scientific
progress. It appears that such recently promoted ideas as that of a “settled science”
did not have a place in the ancient environment of scientific inquiry.

An important development that expedited scientific progress was the creation of
Philosophical Schools, functioning as centres of higher-level education and research,
similar to modern universities. Plato’s Academy, Aristotle’s Lyceum (or Peripatetic
School), Epicurus’s Kepos (meaning garden), Zeno’s Stoa (meaning arcade) were
some of the most famous. After nine centuries of continuous operation, they were
massively closed in 529 AD by an infamous emperor Justinian's edict, which marked a
societal paradigm shift and a millennium-long regression in scientific inquiry.
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Recapitulation and relevance to modern science (3)

11. The communication of ideas among philosophers and to the public was organized in
the form of books. Within this practice, a writing style or code was developed,
characterized by critical literature review and expression of own thoughts, using a
sophisticated language. This writing style is more or less followed even in present
day, as can be inferred by inspecting several extracts from Ancient Greek texts given
above.

12. According to Plato and Aristotle the motivation of philosophers is their curiosity to
explain Nature, but according to Herodotus, it is their ambition to achieve reputation
for wisdom. Noting that even this latter does not look an unethical incentive, we may
assert that the development of science complies with the development of axiology
and of ethical values, including the promotion of the truth as an ethical value and the
modesty of those seeking it. Even the term philosophy (ptAocopia) reflects this
modesty. Notably, the term philosopher (@iAoocopoc) replaced the earlier term
sophos (co@oc, translated in English as sage or wise, as in the expression “Seven
Sages”). According to an Heraclitian aphorism, wise is only one (€v to copov, meaning
something supernatural, i.e. God) and henceforth Pythagoras introduced the term
philosopher, meaning lover (or friend) of wisdom (@idoc copiac). This is clarified in
the following quotation:

Durooopiav 8¢ mp@toc wvduaoe Mudaydpac kai Eautov @Adoopov [...]- undéva yap eivat copov [GvSpwrov]
aAA' ) Jeov (Aloyévng AagpTiog, Biot kai yv@uatl twv v pitdoocopia evdokiunoaviwy, A.12).

Pythagoras was the first to name it philosophy and himself a philosopher [...] for no
man is wise, but God alone. (Diogenes Laertius, Lives of the Philosophers, 1.12)
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Back to Aristotle:
importance of seeking the truth

«idoc Uev Swkpatnc, aAda @iAtatn n
aAnUeia»

(Latin version: “Amicus Socrates, sed magis
amica veritas”)

“Socrates is dear (friend), but truth is dearest”
(Ammonius, Life of Aristotle)

Aristotle (384 — 322 BC)

Image source: Visconti (1817)

«bofele 6’ av iowc BEATIov eival kal delv eni owtnpia ye ThHc aAnveiac kal
Ta olKETA avalpelv, dAAwWC TE Kol PLAOCOPOUC OVTOC: AUPOLV yap OVToLV

iAoty ootov npotiudv tnv aAndeiov»

“Still perhaps it would appear desirable, and indeed it would seem to be
obligatory, especially for a philosopher, to sacrifice even one’s closest
personal ties in defense of the truth. Both are dear to us, yet it is our duty
to prefer the truth” (Aristotle, Nicomachean Ethics 1096a11).
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It takes courage to formulate scientific theories —
now as well as then

€0 Yap MPWTOG CAPETTATOV T€ MAVIWY Kai FappaAewTatoV NEPL OEANVNG KATAUYAOUWVY Kali OKLEG
Adyov gi¢ ypapnv katadeusvoc Avaéayopac oUT a0TOC AV aAaLog o0te 0 Adyoc Evdotoc, AN
ATOPPNTOC ETL KOl &L OAlywv Kal peT e0AaBelag Tvog i miotewc Badilwv. ou yap nveiyovro toug
(PUOLKOUC Kl UETEWPOAETYAC TOTE KHKAOUUEVOUC, WG £(C aUTioG dAOYoUC kal SUVALELC ATTPOVONTOUG Kall
katnvaykaouéva rtadn dtatpiBovrac 10 Velov, aAda kai Mpwrtayopac Epuye, kai Avaayopav
gipx9évra uoAis neplenotjoato MeptkAn¢, kai ZwKPATNE, OUSEV aUTW TWV YE TOLOUTWYV TTPOTHKOV,
Ouw¢ anwAeto dita pitAdoooiav» (MAoutdpyou Biot MapaiAnAot, Nikiag, 23).

“The first man to put in writing, most clearly and most courageously of all, the
explanation of the moon’s illumination and darkness, was Anaxagoras. But he was
no ancient authority, nor was his account in high repute. It was still under seal of
secrecy, and made its way slowly among a few only, who received it with a certain
caution rather than with confidence. For people did not tolerate the natural
philosophers and stargazers, as they were then called, because they reduced the
divine agency down to unreasoning causes, blind forces, and necessary incidents.
Even Protagoras was exiled, Anaxagoras was imprisoned and with difficulty
rescued by Pericles, and Socrates, though he had nothing whatever to do with

such matters, nevertheless lost his life because of philosophy” (Plutarch, Nicias, 23; cf.
l. Velikovsky, Anaxagoras, http://www.varchive.org/ce/orbit/anax.htm)

Note: Anaxagoras was charged of impiety, and he was sentenced to death by the Athenian court. He
avoided this penalty by leaving Athens, and he spent his remaining years in exile.
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Concluding remarks

m Scientific theories are mostly wrong. It is a matter of time for any theory to
be replaced by a better one.

= Naturally, all theories developed in the dawn of science (2600 years ago) have
been replaced. This does not make them non-scientific.

m It is a good practice to study the history of science, recognize the past
contributions and give credit to those who made them. (Notifications: (a)
consulting original texts is useful; (b) humour is different from arrogance).

= This study —of the history of hydrology in particular—is useful as it reveals the
effectiveness of thought and logic, which were the basic tools of ancient
philosophers, in compiling a sensible world vision with some admirable
elements, even though other elements are inconsistent according to modern
knowledge.

m As the information provided here shows, in addition to thought and logic,
experimentation, measurement, and observation were all used by ancient
philosophers, particularly by Aristotle.

= As evident from our terminology (meteorology, climate, hydraulics) and even
the scientific writing style, modern science is not independent from the
ancient one; advances of the Greek antiquity have been particularly seminal
for the modern science after the Renaissance.
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