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Connecting Water
Environmental Views in Premodern Arabic Writings

Massimiliano Borroni

Abstract

This book investigates how selected writers from the Abbasid-era Islamic world viewed water
as a crucial element within their worldview. By examining water’s role across diverse authors,
Connecting Waters offers new insights into the various approaches to waterand itsimportance
in the natural environment, as described in Arabic sources from the Abbasid period. The study
focuses on the significant works of Thabit ibn Qurra, whose research on seawater salinity and
the role of mountains in precipitation phenomena laid the groundwork for future scholars in
the field of hydrology. Through comprehensive analysis of these works and their reception by
authors who either cited or concurred with Thabit ibn Qurra’s theories on the water cycle, the
book explores a wide range of subjects, from theology to natural sciences and the sea’s role
in sustaining global environmental equilibrium. By examining the consistency and diversity of
Islamic views on water and the environment, the book seeks to challenge cultural stereotypes
and offer novel insights into the Arabic literature of the premodern Islamic world. In light of
current environmental challenges, this examination of water-related knowledge within the
Islamic tradition could contribute to ongoing discussions about environmental ethics and the
complex relationships between humans, societies, and the natural environment.

Keywords Water. Tabit b. Qurra. History of science. Hydrology. History of philosophy.
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Connecting Water
Environmental Views in Premodern Arabic Writings

Massimiliano Borroni

Preface

Simone Cristoforetti
Universita Ca’ FoscariVenezia, Italia

The study by Massimiliano Borroni, emerging as the second volume in the
book series, sponsored by the Department of Asian and North African Stud-
ies of Ca’ Foscari University of Venice through the Marco Polo Research
Centre for Global Europe-Asia Connections, is the culmination of a research
project for which I have had the honour and pleasure of serving as the sci-
entific supervisor. The project is dedicated to Networks of Science and Wa-
ter, and - as its title would suggest - aims to shed light on hitherto little-
known or entirely unknown aspects of knowledge in relation to the theme
of water produced in the Muslim world from the seventh to the eleventh
century AD. This has come about following conferences under the title of
Meetings of Water.

The general framework of this project entails the gathering of informa-
tion on scientific knowledge and traditional water management techniques
in the Arabic sources of the considered period. This retrieval is conducted
based on innovative research systems such as the Jedli software, developed
at the University of Hamburg within the scope of the ERC project The Ear-
ly Islamic Empire at Work, which allows for regular expression searches in
the corpus of digitised Arabic texts currently available.

The analysis of the materials thus identified has enabled the author of the
present study to focus their attention on a hydrological treatise by Tabit. To
ensure the soundness of the present analysis from a scientific standpoint,
it should be noted that the study of the merely technical-scientific aspects
concerning the central theme of this work has been conducted by consult-
ing the hydrological engineer Vladimiro Boselli, author of the Afterwords
in this volume. Ibn Qurra’s work, composed in Iraq in the ninth century AD,
is among the oldest hydrological treatises in Arabic that has come down to
us and is of paramount importance for the study of hydrological skills in the
considered centuries. The importance of this manuscript, which has reached

Marco Polo 2
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us in a single copy preserved in the library of the Topkap: Museum in Istan-
bul, is confirmed by a citation from the famous polymath and Arabic schol-
ar al-Birtuni, who still in the eleventh century speaks of it as a foundational
text in the field of hydrology. The text, which presents interesting linguis-
tic challenges due to the technical language used, has revealed important
information on water management practices and in particular on the safe-
guarding of stagnant waters, as well as on the scientific skills in hydrolog-
ical matters that constitute its subject.

These latter aspects, in particular, are the starting point for Borroni’s
analysis, which focuses on the ways in which the thorny issue of the origin
of sweet water was addressed in the Muslim world during the Abbasid pe-
riod. This issue has constituted one of the most challenging tests for phys-
ics up until the modern era. Indeed, it was only in the eighteenth-nineteenth
centuries that the exogenous origin of the water cycle was definitively es-
tablished, while for the many centuries that separate this from antiquity,
in the West (which here I understand as encompassing the cultural and re-
ligious phenomenon of monotheistic Islam) the endogenous physical theory
of the water cycle held credence, with its earliest and most famous formu-
lation attributed to the authority of Ptolemy.

Well, thanks to Borroni’s analysis, which has led him to patiently recon-
struct an unpublished and highly significant segment of the history of wa-
ter physics in the Muslim world, we now know that Ibn Qurra and his hy-
drological treatise represent the oldest surviving testimony of a line of
thought alternative to the Aristotelian view. This line of thought later un-
folds in the speculations contained in the Epistles of the Brethren of Purity
and in the thought of other subsequent authors, such as the already men-
tioned al-Biruni, attesting to the importance of this ‘alternative view’ in the
physical field, which received due attention in the West only following the
discoveries of modern hydrology that confirmed its absolute correctness.

The present work thus presents aspects that I do not hesitate to describe
as pioneering with regard to the reconstruction of a segment that we can
now define as fundamental in the history of the development of scientific
knowledge in relation to water. This opens up extremely interesting pros-
pects for analysis. It is now legitimate to ask what the relationship is be-
tween the content of Ibn Qurra’s text and the hydrological tradition that
flowed through that famous work primarily devoted to, but not limited to,
agriculture known with the title al-Filaha al-Nabatiyya (The Nabatean Ag-
riculture) and attesting a more widespread and possibly more ancient dif-
fusion of exogenous models of the water cycle in Mesopotamia. Further-
more, whether there is a relationship between the line of thought testified
by Ibn Qurra and the cosmological conceptions inherited from the Zoroastri-
an world, in which the water cycle - albeit described in the fabulous terms
typical of mythological language with its Primordial Rain Waters that feed
the archetypal River flowing from the Cosmic Mountain to nourish the Great
Sea and eventually end up in the Lake-Filter, where, evaporating, they re-
sume their cycle - recalls, for many non-secondary aspects, the exogenous
vision characteristic of Ibn Qurra’s thought.

Given the pressing concerns of our time, it will not surprise the read-
er that the theme of water may serve as a revealing thread to follow in the
study of the Arabic written production of the so-called Islamic world. How-
ever, the variety (almost exhaustiveness) of approaches that can be found
in the Arabic sources is easily underestimated.

Marco Polo 2 | xii
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But that is not all. The theme of the monograph prompts inquiries into
issues ranging from theology (what is the purpose of the sea’s salinity in
the overall economy of divine Creation?) to natural sciences (why does stag-
nant water tend to become corrupted?), from the water cycle (does this cycle
have an endogenous or exogenous nature?) to the dignity and self-worth of
non-human life. On this latter aspect, which is of quite some importance in
legal reflection within both ancient and modern Islamic contexts, one can
appreciate a considerable variety of nuances in identifying not only human
life but also more generally animal and plant life as the culmination of the
divine work of creation, and a sense that goes beyond mere human benefit
in their exploitation.

In conclusion, by adopting a methodology that eschews culturalist pre-
suppositions, this scholarly endeavour proves to be a vital addition to the
progression of research, not solely within the realm of the evolution of sci-
entific thought, but also in addressing a multitude of inquiries spanning di-
verse intellectual domains, including but not limited to ethics, science, and
theology within the Muslim world.

MarcoPolo2 | Xiii
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Connecting Water
Environmental Views in Premodern Arabic Writings

Massimiliano Borroni

. Introduction

The present book deals with water-related knowledge in two works by the
Sabian mathematician and scientist Tabit b. Qurra (211-288/826-901), at
the beginning of the so-called golden age of the dar al-islam. The two trea-
tises are the Qawl f1 al-sabab al-ladi ju‘ilat lahu miyah al-bihar maliha (Dis-
course on the Reason Why Seawater Was Made Salty), and the Risala f1
mandfi al-jibal (Treatise on the Benefits of the Mountains), a similar work
about mountains and their role in nature. The two treatises read together
give us an insight into Tabit’s view of the environment. When I say environ-
ment, I am referring to what our author calls ‘creation’. He consistently uses
the term (Ar. halq) to denote the broad sphere of beings that encompasses
humans and non-humans, animals and elements, phenomena and material
properties both sub-lunar and supra-lunar - essentially everything except
God. As will become evident, this notion of the environment as creation is
primarily viewed as a system. This system is both self-balancing and divine-
ly ordained, with water playing a pivotal role in its inner workings.

During my research for the Network of Science and Water project at
the Centro di Ricerca Marco Polo - Centre for Global Europe-Asia Connec-
tions, I examined these two treatises, focusing on water-related science in
al-Biruni’s (362-c. 440/973-c. 1048) thought in collaboration with Vladimi-
ro Boselli, at the time an environmental engineer at Brescia University. De-
spite their lack of direct relevance to hydraulics and environmental engi-
neering, it became apparent that these treatises have received relatively
little attention compared to their significance within the broader history of
environmental thought. Previous research on these texts has tended to ap-
proach them from a purely philosophical perspective, specifically in relation

Marco Polo 2
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to the doctrine of the best possible world. The following pages present an
attempt to contextualise Tabit’s work within its historical and cultural mi-
lieu, and to identify innovative aspects or insights that played a significant
role in contributing to the understanding of the environment and the role of
water within the Arabo-Islamic scientific, and thus philosophical, tradition.

Water is one of the few geographical features that may justify, to some
extent, the adoption of categories such as Middle East or Middle East and
North Africa at any level other than the geopolitical.* The diverse regions
identified by these terms usually span from North Africa and the Atlantic
to Central Asia and the Hindu Kush. These lands are, for the most part, ar-
id; at the same time, they often rest upon considerable subterranean water
reservoirs, also known as fossil water. Aridity does not mean a complete lack
of water, but rather a scarcity of precipitation. In fact, a significant portion
of the lands of premodern dar al-islam, meaning the territories subject to
Muslim authority, enjoys a steady supply of water through its rivers, such
as the Nile, the Tigris and Euphrates, and the Amu Darya or Oxus. The In-
dus river would join this group at a later date.?

These four rivers have their sources either outside the territories of the
caliphal dar al-islam or at its fringes. Nevertheless, they appear prominent-
ly on the stylised map produced by premodern Muslim geographers, such
as the world map contained in the manuscripts of the early geographical
work by Ibn Hawqal (d. after 362/973) Kitab strat al-ard (The Image of the
Earth).? It is not surprising that al-Biruni chose the Nile, the Tigris, the
Euphrates, and the Amu Darya to discuss fluvial regimes and the physical
principles governing them in conjunction with geographical contingencies.*

The scholars responsible for the high-cultural production that is the Ara-
bo-Islamic scientific tradition lived and worked in these environments and
landscapes, especially in the early corpus of this tradition. Tabit was one
of these individuals, and he occupies the centre stage in this book. He was
neither Arab nor Muslim, but he shares with other key representatives of
this learned tradition a place in the global history of scientific thought and
the landscapes that informed their experience of the world.

As we will see, there is a fascinating assonance between what Tabit, the
historian and philosopher Miskawayh (c. 320-421/c. 932-1030), al-Biruni,
and, to some extent, even an engineer and mathematician like al-Karagi
(d. after 410-420) and the esoteric philosophers of the anonymous fraterni-
ty known as Thwan al-Safa’ (tenth century) had to say about what we would
today call the water cycle and the environmental realities of the “east-
ern lands of the Caliphate”. I here reference the seminal work by Guy Le

1 Bonine, Is There a Middle East?.

2 C.E. Bosworth mentions a “considerable confusion over the precise nomenclature of the In-
dus and its constituents”, despite Muslim presence in the Indus valley dating back at least to
the early eighth century, signalling a lack of information or attention regarding this river before
Ghaznavid expansion in the Indian subcontinent. Perhaps, this may simply be a consequence of
the initial imprint of Greek traditions on Arabo-Islamic geographers. However, a comprehen-
sive analysis of how Islamic authors from the eighth to the eleventh centuries perceived the In-
dus has yet to be undertaken. Bosworth, “Mihran”; Siddiqi, “Muslim Geographic Thought”. For
a general summary of the notions held by geographers at this time about the Indus and its val-
ley see Le Strange, The Lands of the Eastern Caliphate, 330-3.

3 Ibn Hawgqal al-Nasibi, Ibn Hawwqal'’s Kitab Sturat al-ard.

4 Seeinfra and Borroni, Boselli, “Hydraulics and Hydrology”.

MarcoPolo2 | 4
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Strange® because its title encapsulates two crucial elements: the geographi-
cal coordinates of the environments where these thinkers lived, and the po-
litical order governing the societies that nurtured them.

Tabit was and remains primarily known as a mathematician and astron-
omer, both as a translator and as an original author. Of his original works,
the most significant are those dedicated to astronomy. Of the thirty to for-
ty titles on astronomy attributed to him, we currently have access to on-
ly eight. These are primarily focused on resolving discrepancies between
mathematical astronomy and observational astronomy, specifically the ob-
servable behaviour of celestial bodies. His interest in mathematics extends
beyond its application to astronomy, with his most noteworthy contributions
found in calculus and the study of amicable numbers. Furthermore, as R.
Rashed rightly points out, our author produced works “in all the practical
sciences of his age”, as demonstrated by the texts we will discuss.®

The socio-political context that nurtured Tabit matters the most when we
consider in what terms his scientific and philosophical production should
be understood in the broader Arabo-Islamic scientific tradition. The nodal
question rests on the definition of Islamic, and, henceforth, on the definition
of Islam. The topic has a very long history with historiographical and theo-
retical trappings, that will not be described in full here. I will just discuss
the definitions adopted in the following pages. We owe to Shahab Ahmed a
new, clever, and evidence-based definition of Islam and Islamic; this is the
one [ will rely on in this book. Ahmed understands Islam “as meaning-mak-
ing for the self in terms of hermeneutical engagement with Revelation to
Muhammad as Pre-Text, Text, and Con-Text”.” Here the Pre-Text amounts
to the ultimate Truth, which lies before the Revelation on a logic or con-
ceptual level. The Con-Text is the entirety of the hermeneutical projects en-
gaging with these three elements, be they religious sciences, history and
memory, art, etc.

The matter is far from settled, of course, and Tabit’s contribution to wa-
ter-related sciences in Islam only provides one specific case of this broader
issue. That being said, Ahmed’s understanding of Islam is meaningful and
productive when applied to the question posed here, namely in what terms
we can describe Tabit’s scientific contributions as Islamic. In a sense, just as
the concepts of high and low lose their meaningfulness in outer space, or as
the all-important concept of time loses its validity in the infinitely small, so
any definition of Islam and Islamic may prove less than functional in some
research contexts, for instance if we consider Islam as a large scale histor-
ical, cultural, and religious phenomenon. This is a question of fields of ap-
plicability, that may be more or less suited to different definitions. For what
concerns us here, Ahmed’s understanding of Islam allows to approach the
Islamic character of the Arabo-Islamic scientific tradition in a meaningful
and rigorous way.

According to Ahmed, we should consider Islamic what engages hermeneu-
tically with the Text, Con-Text, and Pre-Text of the Revelation to Muhammad.
Crucially, Ahmed argues that “obviously” Non-Muslims can produce meanings

5 Le Strange, The Lands of the Eastern Caliphate.
6 Rashed, “Thabit b. Kurra”.

7 Ahmed, What Is Islam?, 405; for a critique of Ahmed’s approach see Hughes, “New Meth-
ods, Old Methods”.

MarcoPolo2 | 5
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that come to be incorporated in the Con-Text of the Revelation. Thus, these
meanings can and should be considered Islamic in the fullest sense of the
term. In this frame, natural sciences occupy a special place. Ahmed himself
draws on the work of previous scholars about the intellectual history of nat-
ural sciences in Islam to fold this topic in his broader argument. The overall
picture that he details shows that natural sciences in premodern and early
modern Islam are linked with several other Islamic meaning-making pro-
jects, such as fine arts or poetry; moreover, they were intended as a “ration-
al project of knowing the rational Pre-Text of the Revelation”. In light of this,
he continues, Aristotle is surely Islamic as a philosopher whose thought is
well incorporated into the Con-Text of the Revelation and geared towards the
knowledge of its Pre-Text, although perhaps under the Arabic name of Aristu.

Ahmed finely conceptualises the process more currently called Islami-
sation or, sometimes, ‘Islamicisation’. It is a theory that works very well for
the incorporation of pre-Islamic philosophers and scientist. When we apply
it to Tabit’s thought, and to the Treatise on Why Seawater was Made Salty,
there are some further considerations to be made.

First, Tabit discusses the purpose of natural sciences explicitly. In his
view, the study of the created world leads to the rewarding, albeit never
fully attainable, comprehension of (snippets of) divine wisdom. This is a de-
scription in premodern terms of a rational project of knowing the rational
Pre-Text of divine Revelation. Perhaps conveniently and surely for basic in-
tellectual politeness, Tabit does not say which revelation. Nevertheless, he
was clearly referring to something not too different from the rational Pre-
Text of subsequent Islamic tradition. He was clearly aware of the fact that
a large part of his audience was and would have been Muslim. It does not
seem too much of a stretch to say that the knowledge project of natural sci-
ences in Tabit is the same as the later Arabo-Islamic scientific tradition.

Second, we cannot make a comfortable distinction between Islamic and
non-Islamic Tabit. We can formulate this distinction in the case of Aristotle
because he was chronologically and culturally apart from his Islamic alter-
ego, Aristu. On the contrary, Tabit worked and, at least in part, acquainted
himself with natural sciences in an already Islamic social setting. His work
was simultaneous with the beginning of its own incorporation in the Con-
Text of the Revelation and this renders moot any attempt at a clear-cut dis-
tinction between the two.

Third, he is a foundational figure for mathematical and natural scienc-
es. Therefore, his work has undergone a thorough process of incorporation
in the Con-Text of the Revelation that lasted centuries. Since some of his
works are lost and their content is known to us only in later summaries, it
is impossible to differentiate between aspects of his thought that became
Islamic by later incorporation and elements that already had the aforemen-
tioned hermeneutical engagement.

Lastly, and returning to Tabit’s awareness of his audience, we cannot say if
and to what extent the fact that he was talking to an audience of Muslims, at
least in substantial part, influenced his presentation of scientific theses that
easily border on the theological. I am not referring here to what we may today
call self-censorship, of course, but this does not exclude other forms of argu-
ment-tailoring intended to make his words more persuasive for the audience.

In conclusion, this treatise on the salinity of the sea and the lost treatise
On the Benefits of the Mountains can be considered Islamic in the sense out-
lined by Shahab Ahmed, i.e. in the same way that Aristotle/Aristii can be

MarcoPolo2 | 6
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considered Islamic. It is less clear whether these works should be consid-
ered Islamic in the sense that they actively engage with the Con-Text and
Pre-Text of the Revelation to Muhammad. If we apply the distinction be-
tween Islamic and Islamicate, as proposed by Marshall Hodgson, we may
say that Tabit’s work on water-related sciences was, if not Islamicate, cer-
tainly ‘Islamicable’ from its inception.®

I have so far relied on the concept of water-related sciences. The two
treatises that form the core subject of this book, written by Tabit, discuss
a range of topics that are primarily within the scope of modern hydrolo-
gy. However, it should be noted that neither hydrology nor hydraulics had
a clearly defined place in the premodern Islamic natural sciences. Today,
hydrology is understood to be the branch of science that studies the move-
ments, distributions, and qualities of water on Earth.” Meanwhile, hydrau-
lics is a branch of continuum mechanics that examines the mechanical prop-
erties of liquids, and is commonly applied to engineering problems such as
pipe flows, dams, pumps, and channel behaviour. This distinction and the
delimitations of knowledge that it implies are applicable to the premodern
Arabo-Islamic scientific tradition only to a limited extent.

The discipline of hydraulics, or at least applied hydraulics, has its clos-
est analogue in the Islamic concept of handasat al-ma’, which is commonly
translated as ‘irrigation’, ‘water engineering’, or ‘hydraulics’. However, it is
worth noting that in the early centuries of the caliphate, the term handasa
was typically used exclusively to refer to handasat al-ma’. For instance, the
founding of new cities often involved significant planning and the partici-
pation of engineers, in Arabic muhandistun. These individuals were respon-
sible for developing the water supply infrastructure for the city, while the
construction of residential areas was left to the inhabitants.*®

Furthermore, throughout the vast irrigated regions of the Mesopotamian
caliphal provinces, engineers would primarily focus on irrigation infrastruc-
ture. This was also the career of Muhammad b. al-Hasan al-Karagi, whose
treatise on hidden waters constitutes the only known work on the subject.
Despite the limited availability of technical primary sources, the topic of wa-
ter-related sciences has received a considerable amount of scholarly atten-
tion. The rich archaeological evidence for premodern Islamic water supply
infrastructure compensates for the lack of technical information that has
been preserved. In fact, handasat al-ma’ is likely the first thing that comes
to mind to many people when thinking about water and premodern Islam.**

Knowledge about water extended far beyond the field of handasa, though.
For instance, figh (jurisprudence) intervenes wherever water is subject to

8 According to Marshall G.S. Hodgson, the concept of the ‘Islamicate’ serves as an alternative
to the commonly used term ‘Islamic’, in order to address the ambiguity present in the usage of
the word ‘Islam’ within scholarship. While acknowledging the interconnectedness of religious
faith and the various aspects of daily life, Hodgson argues that “the society and culture called
Islamic in the second sense are not necessarily Islamic in the first”. The term ‘Islamicate’ is in-
tended to encompass all aspects that are influenced by Islam, but are not necessarily directly
related to religious faith. This includes behaviours and ideas that may be present among non-
Muslims, but are still clearly linked to Islam. Hodgson, The Venture of Islam, 1: 57.

9 Hydrology covers also other water on planets other than Earth, of course, but this does not
concerns us here.

10 Kennedy, “How to Found an Islamic City”.

11 See, for instance, the abundant space devoted to water-related engineering in Hill, A His-
tory of Engineering.
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human use. As a hermeneutic project set to understand its various subjects
in meaningful relation with the Con-Text, Text, and Pre-Text of the Revela-
tion, figh, that is Islamic shariatic jurisprudence, deals with the water of ca-
nals, rivers, marshes and seas.

Saints and Sufis also had a keen interest in water. For example, North Af-
rican Sufis were called upon to perform rituals to combat drought, which is
obviously a hydrological challenge. Their work, which is recorded in biblio-
graphical literature, has been considered as a potential source to compen-
sate for the lack of climatological data from the ‘archives of nature’ about
premodern Maghrib. It is scarcely relevant that the knowledge expressed
by jurists or Sufis does not fall under the categories of either hydraulics or
hydrology. Sufi rituals against drought described in biographical literature
were an Islamic practice of water-management and part of Islamic water-
related knowledge.

Most of the notions we understand today as hydrology were comprised
in the general field of natural sciences, ‘ulum tabi‘iyya in Arabic. As such,
they are most commonly found in scientific-philosophical works. Knowledge
about the origins of sweet water, the role of precipitation, the salinity of the
sea and similar subjects appear, for instance, in the ‘Ulwiyyat by Ibn Sina
(370-428/980-1037), but also in al-Tawhidi’s (d. 414/1023) collection of the
philosophical answers which he received from Miskawayh on several diverse
topics. Nevertheless, even works that are not programmatically devoted to
philosophy or natural sciences may devote some space to water-related knowl-
edge. This is the case of al-Biruni’s digression on water in the astronomi-
cal-chronological treatise titled Kitab al-atar al-baqgiya (usually translated as
The Remaining Signs of the Past Centuries or Chronology of the Ancient Na-
tions). Even a treatise on ganat construction, al-Karagi's Kitab inbat al-miyah
al-hafiyya (On the Discovery of Hidden Waters), is introduced by a lengthy dis-
cussion of theoretical hydrological notions.*? The Kitab Inbat is a highly tech-
nical treatise composed by a successful engineer who had earned his living
by practicing his craft. In other words, al-Karagi was someone who would
have been included in what al-Tawhidi (d. 414/1023) wrote about engineers:

The engineers, when they use their knowledge as a craft become like the
canal diggers, or like those who dig streams in a valley, like those who
build public baths.**

Notwithstanding al-Tawhidi’s disdain for applied science or the practical
use of knowledge of any kind, al-Karadi’s theoretical introduction shows
that knowledge about water formed a continuum of interrelated meanings
and applications. We can surely treat this continuum separately as hydrol-
ogy or hydraulics for convenience’s sake, but without forgetting that it is
not a classification and delimitation shared by our authors or by engineers.

Tabit contributions to the development of Islamic knowledge about wa-
ter are fundamental, first of all for chronological reasons. Tabit worked
in a formative early period, when some of the earliest activities of knowl-
edge production and Islamicisation took place. Moreover, thanks to the

12 The ganat is a traditional technology for harnessing groundwater in areas characterised by
uneven terrain and slopes. Sajjadi, Qanat, kariz; Yazdi, Haniki, Qanat Knowledge.

13 Abu Hayyan al-Tawhidi, Risalatan, 206. Cited in Beg, “Agricultural and Irrigation Labour-
ers”, 27.
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prestigious social context in which he could operate, his work holds a last-
ing influence on later scholars. As I argue in the following pages, the con-
cepts expressed in the two treatises on the sea and the mountains informed
a strain of thought about the place of water in the created environment that
lasted centuries. This school of thought was not disconnected from the main-
stream, overwhelmingly Aristotelian, view of the water cycle, and the last
chapter of the book will discuss how this coexistence influenced al-Karadi’s
introduction in the Kitab inbat al-miyyah al-hafiyya.

The relevance of Tabit’s thought may extend also to some ongoing de-
bates on Islamic environmental ethics. This debate is clearly too ample for
this book to do it justice, but it may be useful to remark on a few key points.
Scholars, both Muslim and non-Muslim, who work on Islamic environmental
ethics and Islamic eco-theology usually rely first and foremost on the text
of the Revelation to Muhammad. This has not always been the case. Most
prominently, for instance, Seyyed Hossein Nasr, who is regarded as the in-
itiator of scholarly reflection on the subject, was mostly interested in philo-
sophical, scientific, and mystical thought about the environment within Is-
lamic traditions.** Nevertheless, in recent years, many argued that Islam
may give a special contributions to the global effort against the ecological
and climatic crisis through shariatic measures, which may be received as
more legitimate among Muslim populations and connect the legislative ef-
fort to the cultural and spiritual dimensions of the crisis.** Thus, Islamic
environmental ethics may be flowing into Islamic ecological law, which en-
tails that the evidence for the assumed environmental character of Islam
as a religion is to be found in the most authoritative sources of Islamic ju-
risprudence: the text of the Revelation. On the one hand, this approach has
some practical benefits in terms of environmental protection. It allows to
produce actual environmental legislation that is Islamically mandated. On
the other hand, it is detrimental to a broader understanding of the plurality
of Islamic views on the environment, something that was crucial in Seyyed
Hossein Nasr’s effort, among others. This plurality is a richness very much
worth investigating and it comprises sources of environmental thought be-
yond the text of the Revelation.

In Tabit we find an author of the formative age of Islamic views about na-
ture with influential ideas. The theses on human-animal relationships and
on the water cycle espoused by the IThwan al-Safa’ (fourth/tenth century),
which are often mentioned as Islamic precursors to today’s environmental-
isms and hydrology, are in continuity with Tabit’s world view, which could
be a component of the efforts to understand and foster contemporary envi-
ronmental ethics.

14 Nasr, An Introduction to Islamic Cosmological Doctrines; The Encounter of Man and Nature.

15 The shariatic turn is not entirely new. For instance, the S.W.A. Husaini’s textbook on Islam-
ic environmental system engineering published in 1980 opens with a discussion of Quranic en-
vironmental themes, and moves to actual engineering only after a chapter devoted to “Islamic
Jurisprudence: revealed law (shari‘a), and derived or substantive law (figh)”. That being said, S.
Idllalene has rightly noted that the pressure posed by the environmental crisis, the strong re-
ligious influence, and the overall weak implementation of secular environmental laws create a
strong incentive toward the elaboration and adoption of measures falling under shariatic dis-
courses on environmental protection. Moreover, as noted by A.M. Gade, the more theological
and philosophical approach to Islam and the environmental question often appears to re-con-
struct traditional Islamic concepts in ways that do not echo contemporary Muslim understand-
ing of those concepts and vocabularies. Husaini, Islamic Environmental Systems Engineering;
Idllalene, Rediscovery and Revival, 12-19; Gade, Muslim Environmentalisms, 37-77.
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Summary 2.1 Tabit, His Scientific Career and Impact. - 2.2 The Salinity of the Sea in Graeco-
Arabic Thought. - 2.3 Tabit’s Treatise On Why Seawater Was Made Salty. - 2.4 Tabit’s Lost Treatise
On the Benefits of Mountains. - 2.5 The Role of Water in the Ecosystem: Competing Theories?

2.1 Tabit, His Scientific Career and Impact

If we consider the significant impact of Tabit’s extensive work in the fields of
scientific translation and original research,* it can be argued that the avail-
able information on his life in his hometown of Harran and his adopted city
of Baghdad is limited. The main source on Tabit’s life is a biographical ac-
count written by Ibn al-Qifti (d. 568/1172-646/1248) in his Ta’rih al-hukama’
(History of the Judges).? Ibn al-Qift1’s record is based on the testimony of
Tabit’s great-grandson Abu Hilal al-Sabi, who allowed him to read family
documents on Tabit’s ancestry and scholarly output. Overall, Ibn al-Qift1’s
account is not disputed by other biographical sources on Tabit, except for a
few minor discrepancies, which will be discussed later.

Tabit was born in 826 in Harran,® located in upper Mesopotamia near
the sources of the Balih river in nowadays Turkey. His hometown of Harran
was predominantly Hellenistic and the centre of the Sabian community,* to

1 Rashed, “Thabit bin Qurra: Scholar and Philosopher (826-901)".
2 Al-Qifti, Ta’rih al-hukama’, 115-22.
3 Arabic sources are not in agreement on this date, for a discussion on this see Rashed, “Thabit

bin Qurra: From Harran to Baghdad”, 24.

4 The term Sabian in Arabic sources can refer to several groups without much in common,
such as the Christian Sabians of South Arabia or the Sabians of the Iraqi marshes around Wasit.
Here we will always refer to the Harranian Sabians and their descendants in Baghdad. For an
overview of the other groups see Bladel, The Arabic Hermes, 67.
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which Tabit’s family belonged. The religious beliefs and practices of the Sa-
bians have garnered significant interest in modern scholarship, as has their
philosophical and scientific activity, despite the fact that we are more or less
limited to external descriptions of their beliefs and practices.®

Arabic sources provide little information on Tabit’s life in Harran. Ac-
cording to one account, he was working as a money changer when the re-
nowned Baghdadi mathematician Muhammad b. Musa (d. 259/873), on his
way back from a trip to Byzantium to acquire manuscripts, met him and was
impressed by his language abilities. Muhammad b. Musa invited Tabit to
live with him in Baghdad, where he and his brothers al-Hasan and Ahmad,
who were known as the Banu Musa, mentored him in the fields of science,
philosophy, and particularly mathematics. While it is always advisable to ap-
proach later biographical sources with caution, the key details of this story
are generally accepted: Tabit had exceptional language skills and formed a
close partnership with the Bani Misa.®

During his time in Baghdad, Tabit’s life and career were closely tied to
the renowned translation activity from Greek and Syriac to Arabic of a size-
able corpus of late-antique philosophical and scientific text.”

According to Ibn al-Qifti (568-646/1172-1248), Muhammad b. Misa al-
lowed Tabit to study in his house and introduced him to the astronomers at
the caliphal court. This educational and social patronage greatly benefit-
ed Tabit, who was previously a simple money-changer in Harran. In a few
years, he rose to become one of the most influential men of science at the
court of Caliph al-Mu‘tadid (r. 892-902/279-289). This depiction of his suc-
cess in Baghdad is somewhat confirmed by al-Birtuni, who, alone among Ara-
bic writing authors, credits Tabit with nothing less than the salvation of the
school of the Banii Miisd, since, as he writes in his Kitab al-Atar al-Baqiya,
the Harranian “was the man who steered their scientific work back to right
course” in scientific and methodological terms.® In other words, al-Birtni un-
derstood Tabit’s contribution to the work of his patron to amount to a signif-
icant change in theoretical and methodological perspective. Broadly speak-
ing, a certain empirical attitude may be seen as a common thread between
the two scholars. This is not just a mechanical consequence of human empir-
icism. Just as al-Biruni shaped his models of fluvial regimes on actual rivers
of the dar al-islam, Tabit touches on a few practical and concrete examples
and cases rooted in his Mesopotamian environmental background, even in
a highly theoretical work such as the treatise On Why Seawater Was Made
Salty. For example, he describes seafaring vessels unable to venture into a
river mouth. In ninth-century Iraq, the Shatt al-‘Arab river saw the passage
of seafaring vessels and coastal boats heading towards the burgeoning port

5 As noted by Jan Hjérpe, much of the available information on the religion of the Sabians in
Harran is derived from Syriac Christian heresiography. Hjarpe, Analyse critique des traditions
arabes, 43-9. Of course, some caution should be exercised when using these sources, although
Arabic testimonies suggest that it can provide valuable insights into Sabianism. Bladel, The Ar-
abic Hermes, 68. See also Burnett, “Tabit Ibn Qurra the Harranian on Talismans”.

6 Abdukhalimov, Bayt Al-Hikma, 204-12.

7 Bsoul, Translation Movement and Acculturation; Vagelpohl, “The ‘Abbasid Translation Move-
ment in Context”; Gutas, Greek Thought, Arabic Culture. On the relations or lack thereof between
the translation movement and the equally famous Bayt al-Hikma see Di Branco, “Un’istituzione
sasanide?”; Bladel, Gutas, “Bayt Al-Hikma”; Gutas, Greek Thought, Arabic Culture, 53-60.

8 Al-Biruni, Kitab al-atar al-baqgiya, 52.
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of Basra or the older city of Ubulla. This was a common sight at the time,
but not all boats coming from the sea were able to enter sweet waters due to
the double threat of shallows and less buoyancy.® Possible precedents for the
same example demonstrating the higher density of salty water do not erase
the link between Tabit’s scientific writing and the experiences or direct ob-
servations at his disposal. The validity of this connection remains regard-
less of whether he derived the example independently or obtained it through
external sources and subsequently verified its accuracy.

Thus, Tabit echoes the influence of the everyday experience in his theo-
retical scientific writing by discussing the use of salt as a preserving agent.
This pertains to an argumentative and knowledge-based method that clear-
ly reflects the scholar’s empiricist approach, with techniques that have fre-
quently been recognised as distinctive of al-Biruni.*° He notes that it was
commonly used in large quantities to treat putrescent still waters or small
marshes in order to prevent the spread of pestilences. To the best of our
knowledge, there is no other evidence for this widespread practice. It is
worth mentioning that during the first centuries of Islamic presence in Mes-
opotamia, there was a significant effort to improve the state of the hydro-
logical network, including the marshes of southern Iraq. This effort, which
was costly in terms of both finances and human resources, followed the col-
lapse of the ambitious infrastructure built by the Sasanians. This collapse
took place in the decades preceding the emergence of Islam, and it may
very well have led to a diffusion of putrescent ponds such as those men-
tioned by Tabit.**

At any rate, al-Biruni’s assessment of Tabit’s overarching contribution
made by Tabit to the scientific endeavours of the Banu Musa naturally
begs the question of how much Tabit’s education owed to his Sabian and
Harranian background. As noted by R. Rashed, the only certainty on this
subject is that Arabic sources do not give the slightest hint that Tabit re-
ceived any scientific education whatsoever in Harran or prior to his fortu-
nate encounter with Muhammad b. Musa.** The picture is further blurred
by our ignorance about the actual scientific activity ongoing in ninth-cen-
tury Harran, a religiously diverse centre with a strong classical tradition.
Al-Mas‘udi (b. 280-345/b. 893-956), who visited the city some seventy years
after Tabit left it described them as philosophers of some kind.** In the eight-
ies Tardieu argued that a Platonic academy had been active in Harran.** His

9 Agius, Classic Ships of Islam, 65-9.

10 Hatami, “Empirical Horizons in Islamic Historiography”; Malagaris, Biruni, 84-108; Mir-
za, The Quest for Knowledge.

11 It would be an oversimplification to suggest a direct causal link between say the Aristo-
telian doctrine of the water cycle and the environmental features of the Mediterranean basin.
The doctrine argues that precipitation alone is not sufficient to explain the availability of fresh
water, and that a significant portion must be the result of underground processes. Meanwhile,
the Mediterranean basin experiences more evaporation than precipitation. While these factors
may be related, it is difficult to maintain a direct connection between them. Nevertheless, it
also seems untenable to deny any room to the interactions between environmental contingen-
cies and how scholars think about nature, or creation, as they inhabit those very environments.

12 Rashed, “Thabit bin Qurra: From Harran to Baghdad”, 21.

13 Al-Mas‘udi, Murig al-dahab, §§ 1394-5 = 2.293.1-8, trans. 2.536-7, cited in Bladel, The Ar-
abic Hermes, 72.

14 Tardieu, “Sabiens Coraniques et ‘Sabiens’ de Harran”.
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thesis sparked considerable debate. We cannot hope to do it justice here. It
will suffice to say that K. van Bladel conclusively argued that al-Mas‘udi’s
account does not in any way suggest the presence of a Platonic academy
in Harran.** For what concerns us here, Tardieu argued that the diffusion
of Platonic philosophy in Harran could be the main factor behind Tabit’s
learning. Given the Neoplatonic,*® rather than Aristotelian, outlook of the
Sabian doctrine in Baghdad, Tardieu argued that the Harranian tradition
played a role, but this is not sufficient to explain Tabit’s learning in the sci-
entific realm. This thesis seems to be far-fetched as well, since only two
works by Tabit seem to have dealt with Plato,*” among a production of over
two hundred works.*®

In this regard, it is worth recalling that Arabic sources describe the Sa-
bians in particular as monotheists and star worshippers. The information
about their beliefs and practices is far from exhaustive, but, according to
ninth-century philosopher and scientist al-Kind1 (d.c. 256/870) they main-
tained that

the world has a cause who has never ceased to be, who is one, not mani-
fold, who cannot be described by means of attributes which apply to the
things caused [...] the movement of the heaven is conditioned by its free
choice and intelligence.

Al-Kindi further describes the religious practices of the Sabians as
astrolatrical:

They offer sacrifices, slaughtering them in honour of the stars. Some say
that it is a bad omen for the sacrifice to be offered in the name Creator;
for, in their opinion, He undertook only the major task inferior matters
to the mediators appointed by Him to administer the world.**

Moreover, the thirteenth-century historian Bar Hebraeus (Ar. Ibn al-‘Tbri),
relays a prideful praise to the Sabians in which Tabit himself attributes to
his co-religionists unrivalled skills in a few technical and scientific realms.
The list comprehends engineering, both in terms of town-building and con-
struction of harbours and canals, occult sciences, divination and medicine,
for the benefit of both the body and soul. For the purpose of the present
book, it is worthy to keep in mind the connection drawn here between the
Sabians and water-related engineering, even though too many centuries
separate Tabit and Bar Hebraeus for us to lend unconditional credibility to
the exact wording of this praise.

15 Bladel, The Arabic Hermes, 70-8.

16 Or, even better, Gnostic-Neoplatic, founded on the idea that knowledge of the self is a pre-
requisite for knowing in general. This Gnostic-Neoplatic strain in Sabian thought was, in Tar-
dieu’s view, diverging from the mainstream Sabian beliefs in Harran. Tardieu, “Sabiens Cora-
niques et ‘Sabiens’ de Harran”, 16.

17 For instance in his treatise On Resolving the Allegories in Plato’s “Republic” (Risala f1 hall
rumuz kitab al-siyasa). Reisman, “Plato’s ‘Republic’ in Arabic”, 265.

18 Bladel, The Arabic Hermes, 78.
19 Al-Nadim, Kitab al-fihrist, 318-20. Cited in Bladel, The Arabic Hermes, 87.
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The astrolatry of the Sabians finds confirmation in several authors*® and
makes it tempting to postulate at least some sort of scientific education dur-
ing Tabit’s Harranian years, but there is not much to confirm this. The only
indirect clue that Tabit already had independent opinions and already be-
longed to the ‘philosophers’ of Harran met by al-Mas‘lidi comes from Ibn
Hallikan (608-681/1211-1282), a renowned biographer of the thirteenth cen-
tury. The lateness of this source contributes to the uncertainty. Be it as it
may, Ibn Hallikan mentions in his Wafayat al-A‘yan (The Obituaries of Emi-
nent Men) that Tabit had to leave Harran for the nearby village of Kafr Tuta
because he had differences with the Sabians of his native town. According
to this version, Kafr Tuta is where he would meet Muhammad b. Misa, ac-
cording to the Wafayat.**

Building on this disagreement with the Sabians in Harran, Hjarpe sug-
gests that a split may have occurred between Tabit’s native community and
the Baghdadi Sabian community that he fostered in the following years as
he took the lead of the Banu Musa school after the death of the two broth-
ers. According to Hjarpe’s thesis, the Baghdadis’ religious tradition had
been grounded more in esoteric philosophy, than the religious practices of
Harran.?” T.M. Green is probably correct in downplaying the importance
of this split given that Tabit continued to act as a high-level advocate at
al-Mu‘tadid’s court for the interests of the Harranian Sabians.??

In sum, the precise amount of the debt owed by Tabit to his Harranian
years remains as foggy as the question is suggestive. The importance of
his input to the scientific endeavours of the Abbasid age contributes to ex-
plain the interest of many modern scholars in the intellectual landscape of
Harran, which could very well be one of the main entry points for Greek
philosophical and scientific tradition into Abbasid learned society. Against
this background, Tabit’s stature among the scientists of ninth-century Bagh-
dad is hardly overestimated. This is meant both in terms of the consider-
ation that he enjoyed in his life, and the influence that his work was set to
impress on later scientists in the Muslim world and beyond it. Tabit’s work
developed in agreement with the modus operandi of his age through a syn-
ergy between translation, innovative research, and teaching.**

Tabit’s contribution to the scientific endeavours of the Abbasid age is a
favourite of scholarly research on the history of science in Islamdom. His
work on water-related science - we will address the status of this scientif-
ic branch in the Arabic tradition further on - has not, however, received as
much attention as the three main fields of activity: astronomy, mathemat-
ics, and infinitesimal geometry. Much of the lasting impact of Tabit’s work is
due to his foundational, methodological character. An exhaustive treatment
of his production is beyond the purpose of the present research, however it
is useful to highlight a few aspects that give a general idea of his approach.

As an astronomer, he moved towards a reconciliation of physical and
mathematical astronomy reflecting on the relationship between theory and
continuous observation. As a mathematician, he pushed for a reconciliation

20 Pingree, “The Sabians of Harran and the Classical Tradition”.

21 Ibn Hallikan, Wafayat al-a‘yan, 1: 313.

22 Hjarpe, Analyse critique des traditions arabes.

23 Green, The City of the Moon God, 113-14.

24 Rashed, “Problems of the Transmission of Greek Scientific Thought”.
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of geometry and algebra, providing geometrical demonstration of algebraic
procedures. Furthermore, on request of al-Qasim b. ‘Ubaydallah b. Wahb
(d. 291/904), he developed a method of invention to complement the Eu-
clidian axiomatic method in mathematics and all demonstrative science
which will influence the work of many others, such as his grandson Ibrahim
b. Sinan (d. 335/946), al-Sigzi (fourth-tenth century), and Ibn al-Haytam
(d. 430/1039). Last but not least, it is worthwhile to mention his thought on
infinity, as it bears consequences on his understanding of Creation, as we
will see, and showcases Tabit’s openness to challenge the established phil-
osophical tradition. Tabit argued in a collection of answers to questions
posed by Ibn Usayyid, a student of his, that, against Aristotelian tradition,
there is actual infinity and that there can be one infinity larger than an-
other infinity.?*

Tabit’s influence reverberated through his leadership in the school of the
Banu Mtsa and the establishment of a Sabian learned community in Bagh-
dad, whose importance is described by Ibn al-Nadim (d. 385/995 or 388/998)
in clear terms: “The source of leadership of the Sabians in this country and
their proximity to the caliphs was Tabit”.?® In addition to this didactic and
institutional influence, Tabit’s work was conveyed by his translations and
original writings. Ibn al-Nadim mentions in his Fihrist (Index) - an index of
Arabic books composed in 377/987-8 - only a few titles by our author. Ibn
al-Qiftl reports an impressive list of original books and treatises composed
by Tabit in the sciences of his age. Of interest here are a book on meteorol-
ogy (Ar. anwa’), which appears to be lost, a treatise on the usefulness of the
mountains, of which we only have a summary by Miskawayh, and the trea-
tise On Why Seawater was Made Salty. The latter is by far the most impor-
tant text at our disposal to understand how this foundational figure of the
intellectual and scientific life of premodern Islam understood the environ-
ment and the functioning of the natural world.

The long-term impact of Tabit’s understanding of the water cycle and the
role of water in the ecosystem cannot be assessed fully at this point of re-
search. To accurately evaluate this impact necessitates a more profound ex-
ploration of the water cycle’s conceptualisations in post-classical philosophy
specifically, as well as in sources extending beyond the thirteenth century
more generally. Nevertheless, the enduring success of his teachings in oth-
er branches of the sciences, and the fact that the treatise On Why Seawa-
ter was Made Salty was still being copied centuries later makes it credible
that his views on the subject remained a point of reference. A more direct
clue in this sense is that Miskawayh and al-Birtuni openly referred to him
when discussing the same subjects a century and a half later, as we will see.

25 Rashed, “Thabit ibn Qurra sur l'existence et 'infini”; Sabra, “Thabit Ibn Qurra on the In-
finite and Other Puzzles”.

26 Al-Nadim, Kitab al-fihrist, 647.
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2.2 The Salinity of the Sea in Graeco-Arabic Thought

Before addressing Tabit’s ideas on the salinity of the sea, it is necessary to
provide a description of the views on the subject held by the philosophical
tradition of the Islamic world. This tradition draws heavily on Greek thought,
particularly Aristotelian doctrine, as a starting point. This is both because
of the well-known importance of Greek philosophy among Muslims and be-
cause of Tabit’s own familiarity with Greek thought.?” The question of the
salinity of the sea is often linked with the origin of rivers, which as we have
seen leads our thinkers to conceptualise different models of the water cy-
cle. In this book we will deal with both aspects of premodern Arabo-Islam-
ic hydrology, therefore it seems more practical to address them together
here. This summary is largely based on the work of Paul Lettinck, specifi-
cally his book Aristotle’s Meteorology and its Reception in the Arab World.
Lettinck’s book offers a comprehensive analysis of the Aristotelian doctrine
on sublunar phenomena within the Arabo-Islamic tradition. His work pro-
vides valuable insight into the reception and interpretation of Aristotle’s
ideas in this context, and serves as a precious resource for understanding
the role of Meteorology in shaping the understanding of natural phenome-
na in the Arabo-Islamic cultural space.

The outline that follows begins by examining the Aristotelian doctrine,
with a focus on the concepts presented in the Arabic translation of Aris-
totle’s works. In addition to Tabit and al-Birtni, who are the primary sub-
jects of this chapter and the next, other authors who addressed the issue
of the salinity of the sea and the origins of rivers include Hunayn b. Ishaq
(192-260/808-873), Ibn Sina and his students Abu al-Barakat al-Bagdadi (d.
after 560/1164-5), Ibn Rusd (d. 595/1198), and Abt al-Fadl b. al-‘Amid (d.
360/970). Areview of their views on this topic allows for a more comprehen-
sive understanding of the significance and relevance of the contributions
made by Tabit and al-Birtuni.

Aristotle addresses the issues of salinity and the origin of rivers in the
Meteorology. As he does with many other topics, Aristotle critiques previous
theories and presents his own perspective on these subjects. For the pur-
pose of clarity, this summary will provide an overview of Aristotle’s theory
onrivers and the sea, including the role of sea salinity within it and the two-
fold exhalation doctrine that serves as the foundation of the Meteorology.

The concept of two types of exhalation is a central principle of the Mete-
orology. According to this doctrine, the Sun causes the earth to emit a dry,
highly flammable exhalation composed of air and earth, as well as a moist,
vaporous exhalation derived from moisture. These two exhalations are re-
sponsible for various meteorological phenomena, such as winds and thun-
derbolts.?® According to Aristotle, the salinity of seawater results from the
contribution of both exhalations. He explains that salinity is brought to the
sea through rain, which contains a mixture of these two exhalations. Aris-
totle further elaborates on the topic of seawater and its salinity, providing
examples to demonstrate that seawater is heavier than fresh water. This
suggests that salty water is a mixture of water and other substances that

27 Goodman, “The Translation of Greek Materials into Arabic”, 485-6; Gutas, Greek Thought,
Arabic Culture.

28 Frisinger, “Aristotle and His Meteorologica”.
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can exhale under the effect of the heat of the Sun and increase the weight
of the water with which they are combined.

In the Meteorology, Aristotle addresses the issue of the source of rivers,
or the origin of the water that sustains them. He rejects the idea that all riv-
ers on Earth are fed by a single or multiple underground reservoirs of rain-
water, arguing that such reservoirs would have to be as large as the Earth
or larger. In contrast to this exogenous model, which posits that “no water
at all is generated, but the volume of the rivers consists of the water that
is gathered into such reservoirs in winter”,*® Aristotle proposes an endog-
enous model, in which the water that forms rivers is generated within the
Earth itself. In chapters I,13-I1,3 of the Meteorology, Aristotle discusses the
idea that some of the water that sustains sources and rivers is derived from
underground condensation of vaporous air, that is an ambiguous stage be-
tween water and air, in addition to being supplied by rainfall.

Aristotle’s Meteorology was highly influential in Arabo-Islamic thought,
with much of its impact owed to the mediation of Abu Zakariyya Yahya
b. al-Bitriq (d. c. 215/830). Al-Kindi, Ibn Suwar (d. a. 407/1017),*° and Ibn
Sina all engaged with the text based on his translation. However, Yahya
b. al-Bitriq’s translation was not the only version available, and Ishaq b.
al-Hunayn'’s translation of a lost Hellenistic compendium of a Hellenistic ver-
sion of the Meteorology served as an alternative source. Both translations
were based on Syriac versions of the Meteorology and its lost Hellenistic
compendium, but they differ on certain points of Aristotelian doctrine. Giv-
en our focus here, we will primarily consider the theses presented in these
two Arabic versions of the Aristotelian doctrine, as they formed the foun-
dation for the Aristotelian understanding of the water cycle within Arabic
scientific and philosophical thought.

We do not know much about the origin of the family of Yahya b. al-Bitriq,
himself the son of a well-known translator, apart from the fact that they
came from a Latin Christian family in the former territories of the Byzan-
tine empire, perhaps from North Africa. Likewise, we do not know much
about his life.** It seems that Ibn al-Bitriq converted to Islam at the hands of
al-Ma’'mun, entering the entourage of the vizier al-Hasan b. Sahl (236/850-1).
His work as a translator covers a dozen titles, according to Arabic biogra-
phers and mentions in the introductions of manuscripts, and, according to
Ibn al-Nadim, he authored two pharmacological treatises, one on poisons
(K. al-sumiimat) and the other on insects (K. al-agnas al-hasarat).

Ibn al-Bitriq’s translation of the Meteorology diverges significantly from
the Greek text in several instances, even presenting perspectives that are
not present in the Greek version. In his review of Casimir Petraidis’ edition
of the text,** Endress has suggested that the Hellenistic version on which
Ibn al-Bitriq relied, through Syriac mediation, may have already incorporat-
ed adaptations and corrections of Aristotle’s views.** It is also possible that

29 Arist. Mete. 1.13. See a summary of this in Lettinck, Aristotle’s “Meteorology” and Its Re-
ception, 120-7.

30 Also commonly known as Ibn al-Hammar.

31 On Yahya b. al-Bitriq and his contribution to the translation movement of the Abbasid age
see Dunlop, “The Translations of Al-Bitriq and Yahya (Yuhanna) b. Al-Bitriq”.

32 Petraitis, The Arabic Version of Aristotle’s “Meteorology”.
33 Endress, Review of “The Arabic Version of Aristotle’s ‘Meteorology’” by C. Petraitis, 506-9.
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some of the deviations may be due to the Syrian translator, to Ibn al-Bitriq’s
himself or to mistranslations and misunderstandings. As a side note, it is
worth considering whether there may be a connection between these mis-
translations and misunderstandings and Ibn Abi Usaybi‘a’s critical comment
that Ibn al-Bitriq did not have a strong command of Greek, given his Latin
background (Ar. Latini).*

Be it as it may, the resulting description of the origin of salt in seawater
is twofold. On the one hand, it is said that the heat of the Sun acts on the
warmer and thicker part of the water that does not exhale. This thicker part
contributes to making seawater saltier than fresh water. On the other hand,
rain water could carry some salinity to the sea, due to an admixture of dry
and moist exhalations. As Fontaine noted, there is an implicit notion that,
while “they do not deny that the salty part of sea water remains behind, but
that in their view this fact does not explain the cause of its salinity i.e., that
the presence of salinity is not due to evaporation alone”.**

Ibn al-Bitriq ascribes this description of the causes of the salinity of the
sea contained in the Kitab al-Atar al-Ulwiyya (The Meteorological Phenom-
ena) to Aristotle. In the case of the origin of rivers, or the water cycle, Ibn
al-Bitriq explicitly presents his own theory, which follows an endogenous
model.** According to Ibn al-Bitriq, water rising as vapour from the earth
transforms into clouds and eventually falls as rain and snow. This water re-
plenishes rivers after being stored in the depths of the earth, where air al-
so transforms into water, allowing the two substances to mix and contrib-
ute to the sustenance of rivers. The most salient departure from the original
Aristotelian doctrine in the Greek text lies in the origin of clouds, which Ibn
al-Bitriq asserts to be on land rather than at sea.

Another important translator in the transmission of Aristotelian doc-
trine regarding the salinity of the sea and the cycle of water is Hunayn b.
Ishaqg, a Nestorian Christian Arab from the southern Iraqi city of al-Hira
who translated a Hellenistic compendium of the Meteorology. The relation-
ship between this translation and Ibn al-Bitriq’s translation of the Meteor-
ology is complex. To some extent, the Compendium is based on the same
Greek treatise, but there are substantial differences in the organisation of
the subjects, the phraseology and even, at times, between the contents pre-
sented in these two treatises. Daiber compared the two texts, arguing that
the compendium is based on a shorter version of the Greek treatise whose
Syriac translation formed the basis of Ibn al-Bitriq’s Atar al-‘Ulwiyya.*”

With regard to the cycle of water, Lettinck pointed out that subterra-
nean vapour condensation plays no part according to Hunayn b. Ishaq’s
Compendium. This departure is marked by a rather assertive statement:

We will mention and assert the cause of rivers, sources, and wadis: the
cause of these is rain For, when much rain falls on the earth, much water
gathers as a result. And when it meets with a place where (it) can pour

34 TIbn Abi Usaybi‘a, ‘Uytn al-anba’ f1 tabaqat al-atibba’, 282. Online edition and translation
Ibn Abi Usaybi‘a, A Literary History of Medicine Online, ch. 10: 3.

35 Fontaine, “Why Is the Sea Salty?”, 204.
36 Lettinck, Aristotle’s “Meteorology” and Its Reception, 134.

37 Lettinck, Aristotle’s “Meteorology” and Its Reception, 261-6; Daiber, Ein Kompendium der
aristotelischen Meteorologie, 6-17. See also Daiber, Naturwissenschaft bei den Arabern on the
identity of the translator. Cited in Lettinck, Aristotle’s “Meteorology” and Its Reception, 9.
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to some extent, the wadis and rivers arise from it; for it is a property of
water to slide down. Then, when it meets soft earth in its vicinity, it per-
petually seeps in until it meets hard earth or a mountain which it cannot
penetrate and then stops at it. Then, when the water becomes abundant,
it takes away the soft earth around it, so that it pierces its location and
flows out of it. That location is then called a spring. [...] Sometimes the
wadis and the rivers are formed from masses of snow falling on moun-
tains. And then, when the warmth comes to them, they gradually melt.
Then the wadis and rivers are formed from them.*®

When rain falls on soft earth, says the Compendium, it penetrates into the
ground until it reaches solid earth or mountains that it cannot penetrate fur-
ther. The water collects there, and if there is a sufficient amount, it can erode
the surrounding soft earth and flow out, forming a source. If there is a large
volume of water, the source will provide water year-round; if there is less
water, it may dry up in the summer. Sometimes, a source may provide water
for many years and then run dry, either due to a lack of rain or because the
rain flows in a different direction. If the water flows away in a wide bed, the
source will remain dry; if it encounters a mountain or high place, the water
will be blocked and return to the source, restoring it to its previous state.
Rivers and wadis may also be formed from melting snow on mountains.** A
possible source for Hunayn b. Ishaq adoption of an exogenous model of the
water cycle may be Teophrastus, who is often credited with the first formu-
lation of this model. Teophrastus’ Meteorology is lost, but a few Arabic and
Syriac translation survives, and his work was being translated precisely at
the time of Hunayn b. Ishaq and Tabit.*° Theophrastus’ influence on the Com-
pendium can only be hypothetical, but it is worthwhile to note that the Per-
ipatetic philosopher argued that compression of clouds as winds push them
against the mountains as a cause of precipitation.** As we will see, the same
argument as made by Tabit in his treatise On the Benefits of the Mountains.
There is, nevertheless, reason to be cautious. The most authoritative Arabic
translation, from Syriac, of Theophrastus’ Meteorology at our disposal seems
to envisage an exogenous cycle that is not purely reliant on evaporation:

The clouds come into existence for two causes: because of the accumula-
tion and thickness of air and its transformation into the nature of water,
or because of much vapour which ascends and with which the ascend-
ing vapours of the seas as well as the remaining fluids become mixed.**

Returning to Hunayn b. Ishaq’s Compendium, another stark departure
from Aristotelian doctrine pertains precisely to the salinity of the sea.

38 Daiber, Ein Kompendium der aristotelischen Meteorologie, 214-17. This represents a revised
and enhanced edition of the 1975 version. Further commentary can be found in Lettinck, Aris-
totle’s “Meteorology” and Its Reception, 135-6.

39 Lettinck, Aristotle’s “Meteorology” and Its Reception, 135.
40 Daiber, “The Meteorology of Theophrastus”.
41 Lettinck, Aristotle’s “Meteorology” and Its Reception, 20.

42 Daiber, “The Meteorology of Theophrastus”, 373. In passing, Daiber argues cautiously that
the translator may be Ibn Hammar (d. after 407/1017), who met al-Birtni at the court of the
Hwarazmshah and was equally brought to the court of Sultan Mahmiid in Ghazna. His hypoth-
esis appears rather convincing.
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Interestingly, on this matter, the Compendium does not mention the dry ex-
halation. This is a remarkable omission, given the importance of dry exha-
lation in Aristotle’s doctrine. Instead, the Compendium argues that salini-
ty is an effect of evaporation, as the light and fresh part of seawater leaves
behind salty and bitter parts. This also has an effect on taste. Heat causes
humidity to become salty, by mixing with it, and if, heat increases enough,
it can cause even bitterness.

Thus, the Compendium contain two departures from Aristotelian doctrine
that are relevant here: the water cycle, which is endogenous in Aristotle
and exogenous in the Compendium, and the salinity of the sea, which is not
caused by dry exhalation in Hunayn b. Ishaq’s version. However, the Com-
pendium is not the only work in which Hunayn b. Ishaq touches on these two
subjects. His translation of a Greek or Syriac paraphrase of Olympiodorus,
commonly referred to as Pseudo-Olympiodorus, states that a portion of the
water that sustains rivers “actually exists” in the depths of the earth, mean-
ing that it is already contained there, while other parts come to be there.
Pseudo-Olympiodorus’s treatment of the sea is organised into eighteen par-
agraphs and two of them show a striking resemblance to Tabit’s treatise on
the salinity of water. Specifically, Pseudo-Olympiodorus discusses the fact
that sea does increase or decrease overall, because the rivers that flow in-
to it compensate for evaporation, envisaging a self-regulation of the marine
environment. Furthermore, salt water is denser than fresh water, and Pseu-
do-Olympiodorus brings the same example as Tabit: ships that float on sea-
water may not float on rivers or lakes. Pseudo-Olympiodorus does not en-
tirely neglect causal arguments, however, and posits that the salinity of the
sea is caused by smoky exhalation mixed with water. A lesser cause of salin-
ity is the presence of earthy matter in seawater. The presence of this earthy
substance in seawater is precisely why salty water is denser than fresh wa-
ter, as demonstrated by the example of boats floating in it.

A stricter follower of Aristotle’s doctrine on these points is certainly Ibn
Sina. In terms of water cycle, he focuses on the role of mountains in the for-
mation of sources and clouds. According to his Kitab al-Sifa’ (The Book of
Healing), in the fifth section of the Tabi‘iyyat (Natural Philosophy), it is in
the mountains or, more rarely, under solid earth, that the vapours contained
in the depths of the earth rise due to the heat of the Sun and the stars. As
these vapours cannot escape and disperse as they do under soft earth, they
condense into the water that will eventually overflow from water sources.**

Ibn Sina does not delve into the processes that lead to the salinity of the
sea in depth. He simply states that salinity in water is due to the mixture
of bitter, burnt earthy particles, and notes that this causes seawater to be
heavier and denser than fresh water. Interestingly, he asserts that the sa-
linity of seawater serves a purpose: preventing water from deteriorating
and spreading this corruption to all water on earth.

Disciples of Ibn Sina, such as the Jewish philosopher and physician Abu
al-Barakat al-Bagdadi, who converted to Islam later in life, also discussed
the water cycle and salinity in seawater. Notably, in his treatise Kitab
al-mu‘tabar f1 al-hikma (The Book of What Has Been Established Personal

43 Ibn Sina, Kitab al-sifa’, 10-11.
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Reflection),** Abu al-Barakat rejects the theory of subterranean condensa-
tion. This work, which programmatically title as a book based on personal
reflections, rarely relies on the principle of authority. Instead, as Lettinck
observes, Abu al-Barakat presents challenges and alternatives to many of
the theses in the Kitab al-Sif@’, including the water cycle.*

This is not unusual at all for Abu al-Barakat. He is increasingly acknowl-
edged as a significant innovator in the post-classical phase of the Arabo-Is-
lamic philosophical tradition. Abu al-Barakat’s work has been most recently
brought to prominence by F. Griffel, whose contributions this section heavily
relies upon.“® It is well-known that Abi al-Barakat converted from Judaism to
Islam around the age of sixty or seventy. However, the precise date remains
uncertain. Moreover, ambiguity surrounds the exact location of his birthplace,
Balad, as there were two centres with this name in Mesopotamia during that
era. Abt al-Barakat did not receive a formal education within the traditional
madrasa system in his later years. Instead, his advanced studies focused on
philosophy and natural sciences to support his career as a physician, which
continued to be his primary means of sustenance throughout his life.

Regarding Abu al-Barakat’s conversion, Griffel posits that it was likely a
meticulously planned event and possibly even officially commemorated. It
definitely did not occur at the end of his life, contrary to what Ibn Hallikan,
among others, related.”” The lack of clarity concerning the dates of his life
can be attributed to the delayed appreciation of his contributions by his con-
temporaries, which only increased posthumously, although he enjoyed a rep-
utation as a philosopher even prior to his conversion. Therefore, determining
whether Abu al-Barakat’s magnum opus, the K. al-mu‘tabar, was written be-
fore or after his conversion to Islam and the adoption of Ashari views proves
to be a challenging endeavour.*® Griffel highlights that this work encompass-
es both Jewish and Muslim elements, although other scholars maintain differ-
ing perspectives on the matter. Nevertheless, this issue is only tangentially
related to Abi al-Barakat’s views on natural philosophy, specifically the hy-
drological cycle, which constitutes the primary focus of this book.

It is in the chapter entitled “On Generation and Corruption” within the
second book of K. al-mu‘tabar that Abu al-Barakat’s viewpoint on the hydro-
logical cycle is elucidated. The treatise encompasses a range of subjects
within three books that focus on Logic, Natural Philosophy, and Ilahiyyat
or ‘rational theology’, each displaying structural distinctions. Pertinent to
this book is the second book, which adheres to the principal themes of Ar-
istotelian works, featuring chapters devoted to topics such as Heaven, Gen-
eration and Corruption, and Meteorology, among others.

Although categorised as an Avicennian philosopher, Abti al-Barakat finds
himself in disagreement with numerous principles of both Ibn Sina’s and

44  On the theoretical aspects of the Kitab al-mu‘tabar and Abu al-Barakat’s biography see
Pavlov, Abi’l-Barakat al-Baghdadi’s Scientific Philosophy. See also http://www.muslimphilos-
ophy.com/ip/rep/3008.htm which reproduces his entry in the Routledge Encyclopedia of Reli-
gion. Langermann, “Al-Baghdadi”.

45 Lettinck, Aristotle’s “Meteorology” and Its Reception, 84-5.

46 Griffel, “Between al-Ghazali and Abu l-Barakat”; The Formation of Post-Classical Philos-
ophy in Islam.

47 Ibn Hallikan, Wafayat al-a‘yan, 6: 74; references to additional authors who concurred with
this statement can be found in Griffel, The Formation of Post-Classical Philosophy in Islam, 208-9.

48 On Asharism see Shihadeh, Thiele, Philosophical Theology in Islam.
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Aristotle’s philosophies, including some fundamental aspects.*® This is ex-
plicitly articulated in the introductory section of the work, where the phi-
losopher and physician asserts his reliance solely on concepts he has metic-
ulously examined and corroborated through rational inquiry. He dismisses
any ideas that he has failed to comprehend or verify, even if they stem
from esteemed scholars.?® In the context of the water cycle as well, Abu
al-Barakat deviates from Ibn Sina’s perspective. More specifically, accord-
ing to Abu al-Barakat, we can identify different exogenous sources of water
for the flowing of rivers, which influence the fluvial regime:

Some of the streams flow when rain falls upon elevated places of the earth
and mountains. They cease to flow shortly after the rain has stopped. There
are others that flow from snow that melts in the highest places of the moun-
tains. These keep flowing as long as there is snow on the mountain. They
increase with the increase of snowmelt and decrease according to its de-
crease. There are other rivers that flow from water that falls in low plac-
es and depressions as rain or snow and remains confined there. The water
leaks through the lowest and least dense of these places, and it accumulates
little by little until it becomes a river that flows with a continuous stream.
The summer flow connects with the winter flow, and the previous one with
the following one, without interruption, but rather growing and diminish-
ing.** It happens that this percolation and this flowing in the depth of the
earth are such that the accumulated water comes out as a gushing spring,
like the water retained in elevated places that find an opening. This goes
down and gushes as much as it has descended. Water arrives at its reser-
voir as rain, and it flows and gushes at a certain moment and not at another
according to the rain. If it has come down as snow, it grows and decreases,
flows, or stops depending on the melting snow, its increase or its decrease.

People say and many ancient and modern philosophers believe that
the air trapped inside the mountains cools down and changes into water
that flows. Air is further sucked in, cooled down, and changed into wa-
ter, and this happens continuously and incessantly. The answer to them
is that springs dry up, and wells desiccate, and rivers and wadis cease
to flow when snow or rain become too little and why they increase when
the latter increases, and why they decrease as the latter decreases. The
intensity of the cold is not helpful against the lack of rain and snow to in-
crease the water in springs and wells and its persistence.**

All of these sources of water are ultimately exogenous. Furthermore, Abu
al-Barakat discusses the origin of water in wells, which also lies in rain and
snow. Rain and snowmelt seep into cavities and this is proven by the fact that

49 Street, Abl 'l-Barakat Hibat Allah al-Baghdadi, “The Traditions of Arabic Logic”; Benev-
ich, “Perceiving Things in Themselves”; McGinnis, “Mind the Gap”.

50 Al-Bagdadi, Mu‘tabar, 2: 4-7. For a translation and comment on this epistemological decla-
ration see Griffel, “Between al-Ghazali and Abu 1-Barakat”, 66.

51 Further research is needed on what appears to be a scientific categorisation of fluvial re-
gimes. The Arabic text mentions two flows (Ar. jaryan) here, one being al-sayf1 and the other
al-Sitawi. It is left to wonder whether this distinction is merely a device to emphasise the river’s
continuous flow all year long in this particular passage or if it corresponds to a formal distinc-
tion that is useful for the study of fluvial regimes.

52 Al-Bagdadi, Mu‘tabar, 2: 209-10; Lettinck, Aristotle’s “Meteorology” and Its Reception, 146-7.
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water can be found only in certain places, and it is not distributed equal-
ly under the earth. Abu al-Barakat further confutes the theory of air con-
densation by looking at wells. He counters those who believe that air con-
denses into water under the effect of the coolness of the air dialectically:

If things were like that, why do wells dry up in the summer and receive
more water in the winter with the arrival of rains, increasing with the
latter’s increase and diminishing as they diminish? In fact, the bottom of
the well is colder in summer than it is in winter. So, why does it not turn
more [air into water] in the summer than in winter?*:

Abt al-Barakat’s viewpoint on the hydrological cycle distinguishes him from
his contemporaries within the Arabo-Islamic Aristotelian tradition and the
falsafa movement. In contrast to his fellow scholars, he dismisses the no-
tion of subterranean water formation, attributing all freshwater sources to
the process of precipitation, percolation, and evaporation. To the best of my
knowledge, he is the sole disciple of Ibn Sina to adopt an exogenous model
of the hydrological cycle. Abu al-Barakat adopts a resolute position on this
issue, emerging as the only author among those examined here to question
the validity of subterranean water generation. Inversely, the other authors
addressed in this context seem to disregard or overlook the prominence
of the endogenous model among their peers. Even the much earlier Filaha
Nabatiyya (The Nabatean Agricolture), despite acknowledging the differing
opinions, as we will see, refrains from engaging in the debate.

A less outspoken recognition of the exogenous cycle may have been rec-
ognised by Ibn Rusd, although the cycle of water received less attention in
his works compared to the topic of seawater salinity. The Cordoban philos-
opher discusses the origin of the salty taste in seawater in his commentary
on the Meteorology, titled Kitab al-atar al-‘ulwiyya, and in his commentary
on the Aristotelian De Interpretatione, entitled Talhis al-atar al-‘ulwiyya.
Despite both works addressing the issue of seawater salinity, they differ in
their explanation of the actual cause of this characteristic.

In the Kitab al-atar al-‘ulwiyya (Short Commentary), Ibn Rusd distinguish-
es between the burnt earthy part (Ar. al-guz‘ al-ardi al-muhtaraq) of the dry
exhalation and the smoky exhalation (Ar. al-buhar al-duhani) or burnt smoky
part (Ar. al-guz‘ al-duhani al-muhtaraq),** arguing that the first is the main
cause of seawater salinity, since it is produced everywhere on earth.**

Interestingly, Ibn Rusd specifies that sometimes the smoky and earthy
parts combine, citing the case of the Dead Sea (Ar. buhayr Filistin), as Tabit
does in his own treatise. As we have seen, according to Ibn Rusd celestial
bodies draw up dry exhalation and its earthy part everywhere on earth,
meaning both on land and under the sea. This leads the philosopher to con-
clude that salinity in seawater is due to the earthy part of the dry exhala-
tion given off by the earth under the sea and prevented from rising by the
presence of the large mass of water above it.*®

53 Al-Bagdadi, Mu‘tabar, 2: 212.

54 Ibn Rusd did not believe in the reality of the hot and dry exhalation. Mcpeak, “Meteorol-
ogy in the Islamic World”.

55 Ibn Rusd, “Kitab al-atar al-‘ulwiyya”, 28-30.
56 Lettinck, Aristotle’s “Meteorology” and Its Reception, 149-52.
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Ibn Rusd exposes a slightly different theory in the Talhis kitab al-‘ulwiyya
(Middle Commentary).*” Whereas in the Kitab al-atar al-‘ulwiyya salinity is
due to the earthy part of the dry exhalation drawn up from the seabed, in
the Talhis it is the product of the heat of the Sun on the dry exhalation al-
ready present in seawater. This theory is of course closer to Aristotle’s, but
differs on when and where the salinity is produced. According to Aristotle
heat produces salinity in rainwater, and according to Ibn Rusd’s Talhis heat
produces salinity in seawater directly. This contradiction between the Kitab
and the Talhis is not especially surprising. It has been noted that the latter
is generally a much closer paraphrase of Aristotle than the first, which Ibn
al-Rusd probably wanted to be a sort of introduction to broadly understood
philosophical questions.*® The Kitab differs from Aristotelian doctrine on
another point that is important here. Ibn Rusd, while admitting the possi-
bility of water being generated from air, states that “that water of all rivers
originates from the sea by means of rain, and returns to it”, implying an ex-
ogenous model of the water cycle.*®

Abu al-Fadl b. al-‘Amid, a scholar known for his written production in
the form of short treaties or risalas, addressed the topic of seawater salin-
ity in a risala written for the Buyid amir ‘Adud al-Dawla (324-356/930-967).
In addition to his administrative and military duties as the vizier of Rukn
al-Dawla (d. 366/976) for 32 years, Ibn al-‘Amid was also known as the ‘sec-
ond Gahiz’ due to his literary ability.¢® Despite the recognition of the qual-
ity of his works and, according to the sources, the widespread circulation
of his treatise collections, most of his production seems to be lost. It is for-
tunate that one of Ibn al-‘Amid’s treatises on the topic of the salinity of the
sea has been preserved and has received an edition and German transla-
tion by Hans Daiber.®*

Ibn al-‘Amid discusses the salinity of the sea in a risala for ‘Adud al-Dawla
“about the reason why there are drinkable wells and sweet springs on the
sea islands”.®* The treatise is purposefully short and concise, since, the au-
thor informs us, he already addressed in a previous risala some of the basic
notions needed to understand the subject at hand. The basic notions that are
omitted here are likely to include an in-depth discussion of the theories of
the four elements.®* After a customary profession of support and greetings
for the amir ‘Adud al-Dawla, Ibn al-‘Amid deals with the question of wheth-
er the original taste of water is salty or sweet. It is imperative, he argues,
to determine which one is the original taste of water before investigating
how sweet water comes to be in sea islands. The matter was evidently not
settled, at least among non-specialists, at the time of Ibn al-‘Amid, since he
dedicates some space in his short treatise to a summary of the thesis, held by

57 Ibn Rusd, Talhis al-atar al-‘ulwiyya, 73,10-89,18. Cited in Lettinck, Aristotle’s “Meteorolo-
gy” and Its Reception, 152-5.

58 Cruz Hernandez, “El sentido de las tres lecturas de Aristoteles por Averroes”.
59 Ibn Rusd, “Kitab al-atar al-‘ulwiyya”, 28.

60 While we have limited information on Ibn al-‘Amid’s administrative role, more is known
about his military tasks. Cahen, “Ibn al-‘Amid”.

61 Daiber, Naturwissenschaft bei den Arabern.
62 Daiber, Naturwissenschaft bei den Arabern, 48.

63 This latter treatise concerning the scientific notions to be taken into account upon found-
ing and planning a city seems to be lost.
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“one of the ancient scholars”, that the original taste of water is salty. Those
who maintain that the original taste of water is salty do so, according to
Ibn al-‘Amid, on the ground that the greatest part of each element stay true
to its original characteristics since they are “only partially changeable”. In
other words, if we want to look at what characteristics should be consid-
ered originary for each of the four elements, we will find them where the
main part of each element resides. In the case of water, its greatest part re-
sides of course, the sea and it is undeniably salty. Ibn al-‘Amid summaris-
es this line of thought:

the main part and the majority of water is present in the seas; for the wa-
ter flowing from rivers is small and insignificant in comparison. (From
this) the previously mentioned follows, namely that the taste present in
the largest bodies of water, i.e. the taste of the sea, is the natural one.®*

As we said, Ibn al-‘Amid disagrees with this assessment. Before explaining
why the original taste of water is sweet and not salty, he notes in passing
that the notion he just described makes it very difficult to explain the pres-
ence of sweet water in sea islands. Ibn al-‘Amid explicitly cautions the amir
against relying on those who believe that the original taste of water is salty,
since they acratically accept premises and principles without uncovering
“uncertainties and ambiguous formulations”. This warning suggests that at
the very least, it was possible to encounter individuals among courtiers or
other learned men who held views on the nature of water and its role in na-
ture that differed from those of Ibn al-‘Amid. In this context, Ibn al-‘Amid
warns against the danger of assuming that the nature of water is immu-
table, as some of his contemporaries may have believed. He asserts that,
while it is true that the essential properties of an element tend to remain
constant, it is not accurate to claim that elements are incapable of change
altogether. Rather, this principle applies only to the fundamental nature of
an element, which it does not seem to comprise taste. Therefore, according
to Tbn al-‘Amid, it is possible for water to acquire certain characteristics,
as long as the majority of water maintains its inherent qualities as water:

For water, while it is impossible for the majority of its parts to change
into air, is not prevented from coming into the state of heat, cold, com-
pression, and rarefaction.®*

The same can be said about water acquiring a salty taste. In this regard Ibn
al-‘Amid further argues that “simple things come by necessity before things
that are composed by them” and that salty water, similar in taste to sea wa-
ter, is evidently composed by sweet water and ‘ashes’ because it is possible
to break their bond by means of evaporation.

Having discussed the basics of seawater salinity, Ibn al-‘Amid contends
that the transformation of air into water is a process that can be observed
on the surface and that it is also possible for this to occur in the depths of
the sea and within the cavities of the earth. He asserts that sweet water can
be generated in this way on islands, although it may later acquire a salty

64 Daiber, Naturwissenschaft bei den Arabern, 52.

65 Daiber, Naturwissenschaft bei den Arabern, 53.
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taste. Consequently, the generation of water in the cavities of the earth, as
described by Aristotle, is one possible explanation for the presence of sweet
water on islands, but it is not the only one.

Ibn al-‘Amid presents two additional possible explanations for the pres-
ence of sweet water on islands. The first is the existence of springs that are
fed by precipitation, such as snow, hail, or rain, which may accumulate on
mountain tops or within mountains and eventually feed springs that are typ-
ically seasonal. The second scenario involves seawater directly. In this case,
Ibn al-‘Amid describes an island with sides that are higher than sea level,
but with a central area that is lower than sea level, allowing seawater to fil-
ter through. These types of sources can be either sweet or salty, depending
on the properties of the soil that filters the seawater, either removing or re-
taining the salty component. In passing, it should be noted that the same
model appears also in Isodore of Seville and constituted the basis for what
has been called the “reverse hydrological cycle”.®®

Ibn al-‘Amid illustrates his point with a real-life example that is a staple
of scientific discussions on salty water:

We can testify to this from our own experience: As often as we have the
real desire to obtain sweet water from the whole of the sea, we reach
for the (sea) water and then filter it several times through the sand or in
pottery so that it becomes sweet. Usually, we take vessels of wax to let
them sink into the sea, because the wax pores are too fine and too thin
for water-mixed and compounded and thick things to pour into the ves-
sel; in this case its (waxy) side does not remain inaccessible to the sub-
stance of the sweet water.®”

In sum, Ibn al-Amid approaches the specific question posed to him in agree-
ment within the framework of an Aristotelian endogenous water cycle. It
is worth mentioning that, despite being familiar with the scientist and phi-
losopher Miskawayh, who held views on the water cycle that differed from
those of Aristotle and aligned with the exogenous model proposed by Tabit,
Ibn al-‘Amid did not adopt or mention Miskawayh'’s opinion in his treatise.
This summary would not be complete without mentioning the exogenous
water cycle discussed in the Kitab al-filaha al-nabatiyya, a work that cov-
ers a wide range of subjects from agriculture to occult sciences and has re-
turned to garnering significant scholarly attention in recent years.®® The
Kitab al-filaha al-nabatiyya, or The Nabatean Agriculture as is usually re-
ferred to in English, is traditionally believed to be the Arabic translation by
Ibn Wahsiyya®® of a Syriac text with multiple authors of uncertain history.
However, Isabel Toral has proposed that the text may actually be a pseudo-
translation, as no corresponding original version in Syriac has been found

66 Duffy, “The Terrestrial Hydrologic Cycle”, 4; Tuan, The Hydrologic Cycle and the Wisdom
of God, 24-5. On the water cycle in medieval Western Europe see also Squatriti, Water and Cul-
ture, 160-4.

67 Daiber, Naturwissenschaft bei den Arabern, 62.

68 Dalen, “Scientific Method in Late-Antique Paganism”; Hdmeen-Anttila, The Last Pagans
of Iraq.

69 Little is known about Ibn Wah$iyya, whose historicity has also been debated. See Fahd,
“Ibn Wahshiyya”.
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despite extensive efforts.” Be it as it may, and even though the Kitab al-filaha
al-nabatiyya surely is not the two-thousand-year old repository of agricul-
tural knowledge that it claims to be, this monumental work is widely con-
sidered a valuable and under-investigated source on sixth-to-ninth century
Mesopotamian non-Muslim scholarship.”™ Interestingly, the Nabatean Ag-
riculture describes an exogenous cycle, as Mohammad el-Faiz has noted.”
It is worth noting that the ideas presented in the text, which are largely in-
compatible with Aristotelian doctrine,” are in line with Tabit’s view of the
water cycle and were already prevalent in Mesopotamia outside of the Ara-
bo-Islamic philosophical tradition.

Hydraulics and hydrology, the two branches of water knowledge identified
as savoirs de I'eau by M. el-Faiz, are introduced at the beginning of the prima-
ry chapters dedicated to agriculture. In these chapters, essential hydraulic
and hydrological concepts provide a basis for further examination of irrigation
techniques and agriculture, comparable to the approach taken by al-Karaji
in his later work, Kitab inbat. However, the discussion of the hydrological cy-
cle is presented in later chapters focusing on meteorological phenomena.

In the Filaha, the author(s) elaborate(s) on the influence of the Sun on the
natural world, notably observing that clouds form as a result of evapora-
tion, particularly wet evaporation, which is distinct from dry evaporation.
This idea closely aligns with Aristotle’s doctrine of double exhalation.”™ The
text further explains that clouds undergo the effects of cooling and conden-
sation, causing their vapours to return to a liquid state. The Filaha asserts
that these two processes cause rain.”” The text then describes the typical
mechanisms of water percolation within the earth, the accumulation of wa-
ter, and the formation of water sources and wells.

Interestingly, the Filaha also refers to a disagreement among the
Kasdanians concerning the origin of water wells, stating:’®

This is the reason for the presence of water in existing springs and wells
after they have been dug, according to some of our Kasdanian ances-
tors. However, others hold a different view, asserting that springs gush-
ing forth in wells result from the compression of the dry element present
in the earth’s element. The two opinions bear similarities.””

It is important to highlight that the minority viewpoint mentioned above
seems to be based on an endogenous model of the hydrological cycle. This

70 Toral, “The Nabatean Agriculture by Ibn Wahsiyya”.
71 Dalen, “Scientific Method in Late-Antique Paganism”, 517.
72 El-Faiz, Les Maitres de l'eau, 32.

73 Apossible source of the Kitab al-filaha al-nabatiyya, at least for some of its varied materials,
may be the fourth century collection of agricultural practices (Synagoge georgikon epitedeum-
aton) authored by Vindonius Anatolius of Beyrut and already recognised as the main source of
the tenth-century Geoponica. See Rodgers, “Hail, Frost, and Pests in the Vineyard”.

74 Wilson, Structure and Method in Aristotle’s “Meteorologica”, 51-72.
75 Abu Bakr Ahmad b. ‘Ali b. Qays al-Kasdani, Al-Filahah al-Nabatiyyah, 263.

76 Kasdanian refers to the Nabatean community with which Ibn Wahshiyya himself identi-
fied. As observed by J. Himeen-Anttila, the name bears an etymological connection to the term
Chaldeans. See Hameen-Anttila, The Last Pagans of Iraq, 15-16.

77 Abu Bakr Ahmad b. ‘Ali b. Qays al-Kasdani, Al-Filahah al-Nabatiyyah, 264.
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observation is particularly significant, as it establishes the Filaha as the
earliest known source to recognise a disagreement or incompatibility be-
tween the two models, preceding al-Bagdadi’s discussion of the same top-
ic in the twelfth century.

In conclusion, in the works of Aristotle and his Arabic-writing disciples,
the focus was on understanding the causes of the salinity in seawater. These
arguments, despite their differences, aimed to provide a rational explana-
tion for the natural phenomena that lead to salty taste in seawater. This fo-
cus on causation is distinct from the approach taken by Tabit in his trea-
tise On Why Seawater was Made Salty, in which he approaches the subject
from a teleological perspective, seeking to understand the purpose or end
for which the sea was made salty. In other words, the Aristotelian philoso-
phers were concerned with understanding how salinity in seawater arises,
while Tabit was more interested in understanding the ultimate reason or
purpose for the existence of salt in seawater.”® However, it should not be as-
sumed that the treatise On Why Seawater was Made Salty by Tabit is pure-
ly a theological work rather than a scientific one. In fact, the treatise pro-
vides a thorough explanation of the physical necessities behind God’s plan
in relation to seawater.

It is worth noting that, despite our current scepticism towards teleolog-
ical approaches in science, Tabit’s approach leads him to conclusions more
in line with our modern understanding of the global environment. While the
Aristotelian tradition of Arabic-writing philosophers presents a now-dis-
credited, albeit intriguing, set of scientific categories, Tabit not only pro-
vides a water cycle that is closer to our current understanding, but also of-
fers a comprehensive view of the role of the sea in the global environment
that strongly resonates with modern environmental concepts.

2.3 Tabit’s Treatise On Why Seawater Was Made Salty

The treatise On Why Seawater was Made Salty is preserved in a single man-
uscript of the Topkap: Saray library. The manuscript, composed of 13 foliq,
is part of a miscellanea mostly covering astronomical subjects. The hand-
writing, in nahsi style, is fairly readable and denotes an expert and swift
hand. There are a few misspellings and punctuation errors, but they do not
damage the readability of the text.

The title of the treatise is transparent. The text is devoted to discuss-
ing to what ends the water of the sea is salty rather than sweet or any oth-
er taste. Tabit approaches a question that, as we have seen, sparked con-
siderable interest in philosophers and scientists both earlier and later than
himself. The text appears to be a didactic treatise,”® probably dictated, and
approaches its subject from a finalist or teleological perspective. This has
been noted by R. Rashed, who highlighted how Tabit departed from the
long-established tradition that addressed the subject in purely materialist
and causal terms. As noted by Marwan Rashed, these Aristotelian explana-
tions focused on determining the processes and substances that caused the

78 Rashed, “Le meilleur des mondes”.

79 This is also other works attributed to Tabit, see Brentjes, “Wilbur R. Knorr on Thabit ibn
Qurra”, 125.
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salinity of the sea, but did not consider the ultimate cause: the will of God
and His design of the natural world.*® In contrast, Tabit’s finalist perspec-
tive emphasises the understanding of the usefulness and beauty of this nat-
ural phenomenon within the context of the Muslim-dominated Abbasid soci-
ety in which he operated. This approach to scientific endeavours, of course,
was in perfect agreement with the outlook of the Muslim-dominated Abbasid
high society in which Tabit operated, and that understood theological mat-
ters to extend well into physics.®*

The divine imprint in creation dominates Tabit’s view of the natural
world. Human souls cannot extinguish their desire to understand the use-
fulness and beauty of God’s design, since divine knowledge is both unquan-
tifiable and never fully attainable. Nevertheless, its pursuit is a source of
constant amazement for those who “never cease to clarify things”. Vivid-
ly, Tabit b. Qurra describes here what we would today call curiosity-driv-
en research, and this curiosity and urge to clarify is the stated reason why
he engaged in this topic.

As it is customary for works on natural sciences, the treatise begins by
discussing the four-element theory. Tabit states that God imposed a fine
balance between them, made it so that they cannot change to the point of
“becoming null”, and imposed on them a balanced order in terms of weight
and consequently height.®*

The concept of stability and balance among the elements, as discussed by
Tabit, aligns with the Aristotelian doctrine prevalent among contemporary
philosophers. However, Tabit’s description of the order of the elements in-
cludes some unique elements. According to Tabit, the elements are arranged
in a hierarchy based on their weight, with the lightest and highest element
being fire, followed by air, water, and finally earth as the heaviest and low-
est element. Fahr al-Din al-Razi (d. 606/1209) reports that Tabit disputed the
Aristotelian theory of natural place, which posits that each body has a natu-
ral place to which it strives. In contrast, according to al-Razi, Tabit stated:

He who believes that the Earth is seeking for the place in which it is to
be found holds a mistaken belief. This is because there is no need to con-
ceive of any particular place as having a quality that distinguishes it from
others. On the contrary, if one were to imagine all places to be empty and
the whole earth arriving at any one of them, it would necessarily stop

80 Rashed, “Le meilleur des mondes”, 706-8.

81 Golshani, “Islam and the Sciences of Nature”; Capezzone, “Amorous or Scientific Meta-
phors?”. It is worthwhile to note in passing that Khalid Fazlun - one of the most influential envi-
ronmental Muslim activist of our time through his Islamic Foundation for Ecology and Environ-
mental Sciences - strikes very similar notes in his magnus opus Signs on the Earth: Islam, Moder-
nity and the Climate Crisis, as the title itself makes abundantly clear. Khalid, Signs on the Earth.

82 InIslamic thought, the concept of mizan, or ‘balance’, plays a central role in understanding
the natural world and our place within it. The idea of mizan refers to the interconnectedness
and interdependence of all elements within the natural world, and the importance of maintain-
ing balance and harmony within this system. The concept of mizan has important implications
for Islamic environmental ethics, as it emphasises the need for humans to act as stewards of
the natural world and to use natural resources in a responsible and sustainable manner. In this
way, several modern thinkers maintain that mizdn encourages a holistic and mindful approach
to the environment, one that recognises the interconnectedness of all elements within the natu-
ral world and the importance of preserving the balance and harmony of the ecosystem. Parvaiz,
“Scientific Innovation and Al-Mizan”; Kola¢ek, “The Qur’an as a Source for Contemporary Islam-
ic Environmental Ethics”; Akhtar, “Towards an Islamic Approach for Environmental Balance”.
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there and not move on to another [place] because this one and all other
places are equivalent.®*

Instead of relying on the theory of natural place, Tabit explained the order of
the universe by postulating the existence of two competing forces of attrac-
tion. The first attraction postulated by Tabit occurs between the lunar and
sublunar elements. The second attraction occurs between each and all parts
of the element separately, meaning between each body and in agreement
with their size. Tabit’s theory, which fascinatingly bears some comparisons
with the modern understanding of gravity and the Galileian causa reduci ad
solam gravitatem, had a few followers, such as al-Kuhi (tenth century),®* Ibn
Butlan (d. 458/1066), and the aforementioned Abu al-Barakat al-Bagdadi.®*

Tabit contends that the balance between the four elements, their hierar-
chical arrangement, and their stability are crucial elements of the funda-
mental components of the natural world as ordained by God. This was in-
tended to ensure the perpetuation of both natural and human life, which
are fundamental to God’s design according to Tabit’s perspective on the
created world.

While many scholars within the premodern Islamic tradition held simi-
lar views,®¢ Tabit’s position appears to transcend a purely anthropocentric
perspective. Rather, he posits that the ultimate aim of God’s designs is the
sustention of life in its entirety, not just human life. Therefore, the value
and beauty of any aspect of the natural world should be judged by its abil-
ity to sustain life.*”

It is not surprising that water occupies a special position within this
framework, given its critical role in maintaining life. Water exhibits two
deviations from the otherwise perfect order and stability of the elements
in the service of sustaining life. Firstly, water infiltrates the ground and
can be found beneath the earth, despite being lighter than earth. Second-
ly, it frequently becomes impure, a process that Tabit believes is necessary
for the maintenance of life, but is not understood by humans at the time of
his writing.

Tabit emphasises that these two peculiarities of water would represent
instances of imperfection in God’s design at a theoretical level. If water were
to perfectly conform to the order and behaviour of the elements, all water
would belong to the sea, resulting in the dehydration and death of all “an-
imals and plants” on dry land. Therefore, given the stated ultimate aim of
creation, formal perfection must be qualified in order to achieve the best
of possible worlds, as R. Rashed has pointed out.** In other words, Tabit ar-
gues that it is necessary to reject the idea of sterile, and therefore imperfect,

83 Fahr al-Din al-Razi, al-Mabahit al-masrigiyya, vol. 2; Rashed, “Kalam e filosofia naturale”;
Abattouy, “Greek Mechanics in Arabic Context”. On the same passage by Fahr al-Din al-Razi,
see also Rasid, Ibn al-Haytham’s Geometrical Methods, 499-500.

84 Abu Sahl Waygan b. Rustam al-Kahi, also known as al-Qihi.
85 Rashed, “Al-Quh1 Vs. Aristotle”.
86 Kukkonen, “Averroes and the Teleological Argument”.

87 Tabit’s biocentrism and, to some extent, anthropocentrism is in line with the today pre-
vailing Islamic view of the ecological crisis from a theological perspective. See Bagir, Martiam,
“Islam: Norms and Practices”.

88 Rashed, “Le meilleur des mondes”.
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perfection and recognise the productive potential of imperfection in order
to understand God’s design and how our ecosystem functions.

In the treatise On Why Seawater was Made Salty, the role of water in
maintaining life on Earth is presented as another manifestation of divine
wisdom. According to Tabit, all sweet water that supports life originates
from either rain or underground reservoirs, which were created by God for
regions where it does not rain enough. However, this does not appear as a
repeated production of water, in line with the stability of the elements he
previously discussed. This argument suggests an external model of the wa-
ter cycle, which is further supported by the mention that, in accordance with
divine wisdom, it was optimal for water to “go in its entirety to the seas and
some of it return repeatedly to the land” as sweet water to sustain life. The
requirement for water to be sweet for the benefit of animals and plants on
earth allows Tabit to proceed to the central argument of his treatise: the
salinity of the sea and its role in maintaining the natural balance.

Unlike the typical Arabo-Islamic Aristotelian tradition, which seeks to un-
derstand the salinity of seawater in terms of its causes and material proper-
ties, Tabit does not address the source of the salinity of seawater. Instead,
he asserts that the ultimate cause lies in divine wisdom and the design of
God. Therefore, the author believes that the most complete understanding
of this issue requires comprehending the role played by salty seawater in
the overall balance of creation, as ordained by divine wisdom.

Tabit approaches the topic from two angles. On the one hand, he identi-
fies two requirements that the taste of sweetness must fulfil: it must pre-
vent water from rotting, and maintain its quantity consistently. On the oth-
er hand, he discusses the effects of the other tastes on water, demonstrating
that any other option would not satisfy these requirements.

Salinity is not the only distinguishing characteristic between seawater
and fresh water on land. Tabit explains that seawater does not flow contin-
uously like the water of rivers, and this feature is crucial in his analysis of
God’s design for water. As previously mentioned, the salinity of seawater
prevents this large body of water from rotting and polluting the air essen-
tial to life on earth. Tabit appeals to experience to illustrate this point, de-
scribing the well-known effects of decay in stagnant water and the gener-
ation of plague when stagnant water contaminates the surrounding air.**

This is coherent with the medical understanding of his time of the miasma
theory, maintaining that pestilences were ultimately due to the corruption
of water, earth, or more frequently air.?° Tabit noted in his medical treatise
al-Dakira f1 ‘ilm al-tibb (The Compendium on the Science of Medicine)®* that

89 This is coherent with the commonly-held belief that plagues and epidemics were caused
by miasma. See Conrad, ““Ta‘in’ and ‘Waba’’ Conceptions of Plague and Pestilence”; Ayalon,
“Epidemics”.

90 The topic touched here by Tabit is tangent to the debate on contagion. Qusta Liga (d. ca.
300/912-13), author of a treatise on contagion entitled Kitab al-i‘da’, openly acknowledges that
there was a variety of opinion about whether contagion actually exists and whether it has a ma-
terial or psychological basis. In the present treatise, Tabit mentions only the corrupted air as
the direct cause of pestilence, but this is probably just a matter of briefness. In fact, he admit-
ted the possibility of contagion in the al-Dakira f1 ‘ilm al-tibb and even expanded Galen'’s list of
contagious diseases. Crucially, the debate on contagion has been a thorny subject in much of
Islamic theology, as it is part of the wider discussion on secondary causation and (‘Asari) occa-
sionalism. Stearns, Infectious Ideas, 70.

91 Meyerhof, “The ‘Book of Treasure’”. On the debate about the attribution of this text see Ul-
Imann, Die Medizin im Islam, 1: 260-1.
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analogous alterations of the elements can actually occur, and that meteor-
ological events, such as excessive rain, lingering clouds, southern winds or
stagnant air may cause them.*?

Tabit supports the preserving effect of salinity with examples from expe-
rience. He mentions the common use of salt for preserving food, and then
describes the apparently widespread practice of using large quantities of
salt to prevent stagnant water from spreading pestilence. While I could not
find confirmations of this practice to verify its prevalence, Tabit describes
it as the application of “large quantities” of salt, which suggests that this
practice was meant to prevent the spread of plagues and decay from stag-
nant stretches of water, rather than any water for domestic use that could
spoil. These stretches of water seem to have been common in historic ‘Iraq,
at the time of Tabit given the state of disarray of the hydrological network
in late Sasanian times.*

Tabit discusses the level of salinity of seawater according to the biocen-
tric principle in two ways. First, marine life requires that salinity be kept
to a wise minimum, while life on land requires that the sea is salty enough
to prevent the spread of pestilences, bugs, and decay similar to the case of
brackish waters and swamps - it is possible that Tabit had in mind the Ira-
gi marshes of southern ‘Iraq, which were at the time at their historical max-
imum.®* Second, salinity plays an important role in the stabilisation of sea
levels. The first argument allows Tabit to conclude that not only is salty taste
the best possible condition that God could impose on seawater, but that the
precise measure of salinity found in the sea is the minimum and most bene-
ficial measure. The second argument introduces an interesting discussion on
the resilience of the ecosystem and its built-in ability to maintain its balance.

Furthermore, in Tabit’s opinion, it is essential that the flow of the water
cycle does not result in an increase in sea level for two reasons. The first is
that all terrestrial life would perish if all water eventually ended up in the
ocean, since there would not be a single drop left on earth. The second rea-
son is that a huge rise of seawater would submerge the earth’s surface; an
observation that may ring familiar to modern readers.

Tabit is aware of the physical relation between density of a fluid and evap-
oration. He illustrates it again by experience, suggesting an experiment to
prove that salty water evaporates more slowly than fresh water, and consid-
ering the evidence that some boats that float on the sea cannot float in riv-
ers, thus proving that seawater is denser than sweet water.

In the treatise, the interplay of salinity, density, and evaporation show-
case the ingenuity of God’s design. These properties enable the water cycle
to be self-regulatory. An increase in evaporation due to the decrease in salin-
ity and, consequentially, density necessarily compensates for any increase
in seawater from the discharge of fresh water from rivers, and vice versa.

Conversely, a decrease in salinity would trigger the production of harm-
ful odours, since a small and imperceptible amount of these odours are said

92 Tabit, Kitab al-dakira f1 ‘ilm al-tibb, 177.

93 The subject has been most recently investigated by Peter Verkinderen. See also a blogpost
by Preiser-Kappeler, who connects this with some climatological hypothesis for the Late Antique
Eastern Mediterranean. Christensen, The Decline of Iranshahr; Preiser-Kapeller, “The Deluge”;
Verkinderen, The Waterways of Iraq and Iran, 54.

94 On the expansion of the marsh environment in the early centuries of the Islamic age, see
Eger, “The Swamps of Home”.
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to be produced in the sea. Such odours would have dire consequences for
all life on dryland if the entire cycle of water and its properties were not
designed to keep seawater salinity exactly at the minimum required to sup-
port animal and plant life.

As we said, part of Tabit’s treatise On Why Seawater Was Made Salty dis-
cusses the possibility that other tastes could have been chosen to prevent
corruption and other damages to life, both marine and on land. The argu-
ment begins citing a disagreement among scholars on the number of tastes,
with some arguing for eight tastes and other for less.”® At any rate and ex-
cluding the taste of sweet water, he tastes mentioned in the following dis-
cussion are six: sweet, fat, sour, astringent, bitter, and salty. Of these six
tastes, only five are discussed, as sour taste is mentioned only briefly. Sweet
and fat are quickly dismissed as invalid options; they do not provide last-
ing protection from decay and are generally unstable, as sweet can turn
sour and bitter, and fat can produce vapours and odours. Astringent taste
not only fails to always prevent decay, but can also produce damaging va-
pours, as in the case of vitriol and yellow vitriol, which are known today as
copper sulphate.’® Towards the end of the treatise, Tabit mentions in pass-
ing the category hamriyya, which clearly indicates substances that are fer-
mented or otherwise alcoholic. These types of moist substances almost seem
to amount to an additional taste, which is, again, unsuitable for seawater.
However, they are not included in the more systematic treatment of tastes
presented earlier in the text. Above all, one gathers the slight impression
from the treatise that the author did not have much interest in the precise
categorisation of tastes, as if he did not deem it very consequential.

Lastly, the bitter taste may appear as a more viable alternative solution
to salinity, since it protects from rottenness. Despite this desirable quality,
Tabit observes that animals disdains bitter foods, while exhibiting a prefer-
ence for salty things. These two observations lead him to argue that if sea-
water was bitter none of the “marvellous animals” that live in the sea could
have been generated. A sea devoid of life would have been deprived of a signif-
icant portion of its beauty and would have revealed less of the divine wisdom.

Tabit addresses also the possibility of a mixture of bitter and salty. He
does so again referring to experience, in this case describing the conditions
of the Dead Sea because its waters present this very combination of bitter
and extreme salinity. This results, he notes, in the inhabitability for any fish,
and the fact that no animal drinks it. Tabit is not known to have visited Pal-
estine and reports the absence of life in the Dead Sea and in its surround-
ings on the authority of Galen.®” This description serves in the economy of
his discourse to prove that bitterness in seawater would be detrimental to
life. Additionally, he argues that the vast size of the sea serves to prevent
the detrimental effects of bitterness from overcoming its natural salinity
and harming the creatures that inhabit it.

95 Baffioni, “Les sens chez les Ikhwan al-Safa’”; Carusi, “Les Cing Sens Entre Philosophie”.
96 On this substance see Ahmad Y. al-Hassan, “Tecnologia della Chimica”.

97 Galen, who is said to have visited the Dead Sea, maintained that its waters were hostile to
life because they are too briny. Grant, Galen on Food and Diet, 22.
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2.4 Tabit’s Lost Treatise On the Benefits of Mountains

The exogenous model of the water cycle is also described by Abu ‘All Mis-
kawayh in his response to Al-Tawhidi’s inquiry on why God created the
mountains. Miskawayh’s answer seems to be largely based on the other
water-related treatise composed by Tabit, the treatise On the Benefits of
the Mountains. While this work is no longer extant, the summary provided
by Miskawayh appears to be consistent with the ideas presented in Tabit’s
Treatise On Why Seawater Was Made Salty.

Miskawyh'’s answer is reported in the Kitab al-hawamil wa al-Sawamil
(The scattered and the gathered),’® and opens with the very same biocen-
tric statement already familiar in the argument on salinity:

The benefits of mountains and their arrangement on the earth’s surface
are very numerous. For if they did not exist, there would be no plants
or animals on the surface of the earth. For the cause of the existence of
plants and animals, as well as their sustenance thereafter, is the fresh
water that flows over the face of the earth. And the cause of the fresh
water flowing out is the constriction of the vapours in the atmosphere,
I mean the clouds, and what they undergo as a compression due to the
cold, until either rain, snow, or hail comes out of them. And if you were
to imagine the mountains removed from the face of the earth, and imag-
ine the earth as a circular globe without cavities or protuberances, the
vapours which would have risen from this globe would not be constricted
in the atmosphere, nor compressed, nor would any fresh water come out
of it. Hence the end of this vapour would be to be dissolved and turned
into air before that which is the reason for the settlement of the face of
the earth is accomplished from it.*®

Then, Miskawayh explains the role of mountains in supporting life, citing
Tabit’s views on the subject. According to Miskawayh, the valleys between
mountains serve to concentrate vapours and inhibit the free movement of
air. As a result, the vapours are compressed and cooled, eventually turn-
ing into water.

This takes place because the ascending vapour from the earth concen-
trates in the depressions of the earth, between the mountains which pre-
vent its flowing out, owing to the subjection to the motion of the sky, and
owing to the causes of the wind, which constitutes the motion of the air.
I mean that the pockets of the high mountains preserve the air blocked
in their valleys from the movement which the sky in its entirety tends to
impose upon it, as well as the stars which it contains and their tributar-
ies and subtle rays which tend to impose upon them to flow out. If, there-
fore, the air is thus concentrated between the mountains, the ascending
vapour which it contains is also preserved from the dislocation and move-
ment which there would be if the air were to move, so that some of the
cold which the mountains store within them during the time of winter

98 Recently translated in English. Abu Hayyan al-Tawhidi, Ibn Miskawayh, The Philosopher
Responds.

99 Abu Hayyan al-Tawhidi, Al-Hawamil wa al-Sawamil, 354-6.
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cools and concentrates this vapour, and then presses it. It thus becomes
water that stays there or flows

This passage may be subject to other interpretations. M. Rashed interpret-
ed it as a summary of the Aristotelian doctrine of the endogenous water
cycle.**® However, the present author views it as describing an exogenous
water cycle, or at least not envisioning any generation of water within the
earth. There are some discrepancies between the English translation pro-
vided here and the French version offered by M. Rashed, which reads:

car cela a lieu parce que la vapeur ascendante issue de la terre se
concentre dans les creux de la terre, entre les montagnes qui en em-
péchent I'écoulement, en raison de la soumission au mouvement du ciel,
et en raison des causes du vent, qui constitue le mouvement de l'air. Je
veux dire que les poches des hautes montagnes préservent l'air bloqué
dans leurs vallées du mouvement que tend a lui imposer le ciel dans sa
totalité, ainsi que les astres qu'il contient et leurs rayons influents et sub-
tils qui tend a leur imposer de s’écouler. Si donc l'air se concentre ain-
si dans les montagnes, la vapeur ascendante qu'’il contient est elle aussi
préservée de la dislocation et du mouvement qu'il y aurait si l'air se mou-
vait, en sorte qu'une partie du froid que les montagnes emmagasinent en
elles durant le temps de 'hiver condense et concentre cette vapeur, puis
la pressure. Elle devient donc de 1'eau par transformation, ou quelque
autre corps semblable.

The first point of divergence is the origin of the vapour discussed in Mis-
kawayh’s answer. The Arabic expression al-buhar al-murtafi‘ min al-ard
should be read in agreement with the earlier phrases “wa tuhilat al-ard kura
mustadira” (imagine the earth as a round globe)*°* and “al-buhar al-murtafi‘
min hadihi al-kura” (the vapours which would have risen from this globe).**>
Our translation and M. Rashed’s do not differ on the meaning of these two
phrases, and the first one indicates that Miskawayh is using at least in one
instance the word al-ard to refer to the entire globe. The second sentence
indicates that this passage is considering the entirety of the vapour pro-
duced on the Earth, not limited to vapour exhaled by the earth either in its
depths or in the open air.

The second point of divergence is the translation of the Arabic term gawr
(pl. agwar), which I suggest should be understood here as ‘valley’ or ‘de-
pression’ in the earth, as Rashed indeed does in one instance of the term.
In most instances throughout the text, however, Rashed understands it as
‘cavity’. On its own the term could be understood both way,*** so it is nec-
essary to see how this term is used in the context of Miskawayh’s answer.

Miskawayh uses the term kura mustadira three times in this passage. In
the first instance, it is used in the phrase “wa tuhilat al-ard kura mustadira
1a nut®’ wa la gawr fiha” (imagine the earth as a round globe without pro-
tuberances or depressions). Here, it should be understood as the opposite

100 Rashed, “Le meilleur des mondes”, 705-6.
101 Rashed: “et que tu imaginais la terre comme un globe circulaire”.
102 Rashed: “les vapeurs qui se seraient élevées de ce globe”.

103 Lane, An Arabic-English Lexicon, 2306-7.
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of nutt’, meaning ‘protuberance’ or ‘elevation’, and thus as a depression
or dip. Miskawayh is asking the reader to imagine an alternate Earth as a
smooth, perfect sphere, with the focus being on the surface of the sphere
rather than its inner structure. Therefore, it seems more appropriate to in-
terpret “kura mustadira la nut@’ wa la gawr” as “a [perfectly] round sphere
without protuberances or depressions”.

The term gawris used a second time in the sentence “al-buhar al-murtafi‘
min al-ard yahsulu bayn agwar al-ard wa bayn al-jibal allati tamna‘uhu
al-sayala” (the vapour that ascends from the Earth concentrates among the
depressions of the earth and between the mountains which prevent its flow).
The interpretation of this usage is somewhat ambiguous, but two factors
suggest that it should be read as ‘depression’ or ‘valley’. First, the use of the
preposition bayn rather than f7 indicates that the vapours collect between
two or more sides rather than within a cavity. Second, the concentration of
vapours “bayn agwar” is presented as analogous to the concentration of va-
pours “bayn jabal”, which clearly refers to the space between mountains.

The third occurrence of agwar appears in the sentence “a'ni an qulal
al-jibal al-sahiqa yahfaz al-hawa’ muhtagan bayn agwariha min al-haraka” (I
mean that the peaks of the high mountains prevent the air blocked between
their valleys from moving...). M. Rashed translates this as “leurs vallées”,
given that the pronoun clearly refers to the mountains. However, Rashed’s
interpretation of “qulal al-jibal al-Sahiga” as “pockets of the high moun-
tains” (fr. les poches des hautes montagnes) is somewhat surprising, as “qul-
lat al-jibal” (pl. qulal al-jibal) is the common Arabic expression for mountain
peaks and only makes sense if one is attempting to align Miskawayh'’s ideas
with the Aristotelian endogenous water cycle. A closer reading of the text,
however, suggests that Miskawayh'’s views on the topic, as he developed them
from his reading of Tabit’s lost treatise, support a fully exogenous water cy-
cle or, at the very least, do not mention any underground generation of wa-
ter.*** Miskawayh goes on to explain the usefulness of this process, stating
that it provides a constant source of water even during times of drought.

And if the mountains did not exist, the waters subject to the regime we
have described would not flow on the surface of the earth, at least not
until the rain came and the earth absorbed it; as a result, it would hap-
pen that plants and animals would be deprived of water in the height of
summer, at the very moment when they imperatively need it for their
subsistence. It could then only be obtained in the same way as it is done
in the remote mountain deserts, that is, by digging wells a hundred and
two hundred cubits deep.

Miskawayh explicitly and specifically states the form in which this water,
“subjected to the regimen we have described”, is stored. He asserts that it
is snow and rain that do not immediately flow to the lowlands, rather than
water generated within the earth. According to Miskawayh, mountains act
as reservoirs and release water gradually:

But now, with the existence of the mountains, the rains and snows re-
main on these mountains. So when the mountains have absorbed them,

104 The translation provided here, therefore, is in accordance with Lidia Bettini’s Italian trans-
lation of the work in question (Bettini, I libro dei cammelli errabondi, 311-12).
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either immediately or after a time, springs arise at their feet; from them
proceed the streams and rivers, which flow over the surface of the earth,
and finally flow into the sea from north to south. And when what the riv-
ers have used as rain during the summer runs out, they benefit from the
return of winter and the rains, and the cycle begins again. The sign that
springs, streams and rivers all come from mountains is that you never
go up a stream or river without ending up in a mountain. As for springs,
they are only ever found near mountains. The same applies to what can
be inferred from small canals and the like. The mountains play the part,
in causing the water from the rains to flow over the earth, of sponges
or wools which are soaked with water and which bear a great deal of it,
and from which, when they are laid on a spot, the water flows out little
by little, until, when they have become dry, they are soaked and watered
again. In this way, the moisture that runs off the surface of the earth is
perpetuated, and this regime is the reason for the settlement of the world
and the existence of plants and animals in it.

As previously mentioned, Miskawayh concludes his response by referenc-
ing Tabit’s treatise on the usefulness of mountains. He cautions al-Tawhidi,
who posed the question being addressed, that his answer only covers the
most significant aspect of the value of mountains:

Mountains have many benefits. We have only mentioned the most impor-
tant of these, and let us confine ourselves to that. However, a treatise on
the benefits of mountains is due to Tabit. Let him who wishes to master
this chapter exhaustively read it, if it pleases God.

As the treatise on the usefulness of mountains by Tabit is lost, it is impos-
sible to determine the extent to which Miskawayh’s response in the Kitab
al-hawamil wa al-Sawamil accurately reflects Tabit’s opinions. Interesting-
ly, Miskawayh does not mention any other relevant sources, despite the fact
that at least one of his acquaintances, Ibn al-‘Amid, held different views on
the topic. The overall consistency between this text and Tabit’s treatise on
the salinity of seawater suggests that Miskawayh'’s response likely reflects
the lost treatise fairly accurately. M. Rashed also seems to hold this view,
referring to the text as a summary of Tabit’s treatise.

Support for the idea that Miskawayh’s response accurately reflects Tabit’s
lost treatise can be found in the Kitab al-atar al-bagiya. In a lengthy digres-
sion on hydraulics and hydrology that departs from the chronological focus
of his book, al-Biruini connects the salinity of the sea to Tabit’s treatise on
the usefulness of mountains, suggesting that the two treatises were comple-
mentary. Furthermore, al-Biruni’s explanation of Tabit’s thesis on the role
of mountains in the water cycle confirms that the Sabian philosopher held
an exogenous model in mind:

Regarding the question why the water of springs is most copious in win-
ter, it is because the all-wise and all-mighty Creator intended to place the
mountains [on earth] for a number of beneficial uses, some of them men-
tioned by Tabit in his book on why the mountains were created. This rea-
son [that interests as here] is to fulfil [his] intention of making the water
of the seas salty. Clearly, precipitation in winter is higher than in sum-
mer, and they are higher in the mountains than in the plains. When [this
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water] falls, a part of it flows away in the torrents and the remaining part
seeps down into the pores in the mountain caves, and there it is stored up.
Afterwards, it begins to come out from the holes that are called springs.*®

Finally, al-Birini's digression and Miskawayh’ answer to al-Tawhidi, show
that Tabit’s teaching on the water cycle and the role played by water in the
ecosystem were still reverberating in the tenth and eleventh centuries.

2.5 The Role of Water in the Ecosystem: Competing Theories?

The foggy history of Harran makes it difficult to trace the origins of Tabit’s
understanding of the water cycle and the role of water in the ecosystem.
He is the earliest known author in Arabic to propose an exogenous model
of the water cycle that diverges from Aristotelian doctrine in this regard.
While the Aristotelian model remained the dominant framework for under-
standing the water cycle among scientists and philosophers, Tabit had sev-
eral influential followers, including al-Tawhidi, Miskawayh, and al-Biruni.

The exogenous model of the water cycle also appears in the Rasa’il of the
Thwan al-Safad’. The Ihwan, a group of philosophers who assembled in Basra
in the second half of the tenth century, composed a collection of epistles
known as Rasa’il Ihwan al-Safa’ (The Epistles of the Sincere Brothers). Draw-
ing on Shi‘T and Neoplatonist thought,*°® the Rasa’il cover different branches
of knowledge and are regarded as the first encyclopaedic effort of premod-
ern Islam.*®” There is no certainty on the identities of the Ihwan and those
associated with them, but their epistles enjoyed a widespread success in
both the Islamic east and west.

As it has been already noted, the multifaceted vision of the creation ex-
posed by the Thwan comprised an unusually non-anthropocentric vision of
the natural world, which bears some echoes of Tabit’s own bio-centric rath-
er than anthropocentric view implicit in his Treatise on Why Seawater Was
Made Salty. Another point of agreement is the theory of the water cycle, de-
scribed as follows in the eighteenth Risala:

The root of all these beings is vapours and juices when they are mingled
with each other. Vapours are what rise in the air from the subtle parts of
the water of seas, rivers, and marshes because of the warming of the Sun
and of the stars with the projection of their rays on the surface of seas,
rivers, and marshes. Juices seep into the depth of the earth from rain wa-
ters, are mixed with the parts of earth, and thicken, and the warmth hid-
den in the depth of the earth ripens them [...] In fact, when the Sun and
the stars warm water, irradiating the surface of the Earth as well as seas,
rivers, and marshes, waters rarefy and the parts of earth become subtler
and become vapour and smoke. Vapour and smoke become clouds, clouds

105 Borroni, Boselli, “Hydraulics and Hydrology”, 178.

106 And much more. See de Callatay, A Brotherhood of Idealists, 73-81; Ikhwan al-Safa’, On
the Natural Sciences, 30-4.

107 El-Bizri, “Prologue”; Netton, “The Rasa’il Ikhwan al-Safa’ in the History of Ideas”. For a
complete introduction to the thought of the IThwan al-Safa’ see Netton, Muslim Neoplatonists.
On the relationship between the Thwan and the Sabians see Mattila, “Sabians, the School of
al-Kindi”.
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become rains, and when rains moisten the soil and the parts of earth are
mixed with those of water, juices are formed from them.**®

Unlike the perspectives of Abtu al-Barakat, Tabit, and al-Birini, the Rasa’il
exhibit no scepticism regarding the conversion of air into water as a phys-
ical occurrence, nor any other elemental transformation. Within the same
treatise, the authors assert that “the four elements undergo metamorpho-
sis into each other, with water alternately transforming into air and earth”.**®
The concept of air transmuting into water is further discussed in the risala
“On Mines and Minerals”, where the authors expound on a process of wa-
ter formation within the mountain depths. This explanation aims to account
for the numerous sources found around the Bamyan mountains, despite the
region’s scarcity of rain or snow:

This is the proof that in the cavity of this mountain there are cold caves,
cavers, and chasms, whose coldness is extreme, [whence] air congeals and
becomes water, then it is poured into its lowest [part], is seeped from nar-
row pores, and from them those sources and creeks flow towards those
steppes [...] this mountain is far from seas, and clouds seldom arrive here
owing to the long distance.**°

One interpretation of this phenomenon could be that it represents an ex-
ceptional and infrequent instance of subterranean water generation with-
in the context of an otherwise externally driven cycle. Alternatively, this
could be a result of the multifaceted authorship of the Rasa’il.*** Intrigu-
ingly, in a later section of the same treatise, the external cycle is examined
from a distinct angle.

Subsequent to an analysis of several major rivers, the swelling of their
waters is exclusively attributed to precipitation. For rivers flowing from
north to south, an increase in water volume occurs during spring as a re-
sult of melting snow after winter. In contrast, the Nile demonstrates a dif-
ferent pattern; it swells in summer due to its sources being located south
of the Equator, where seasons are inverted. Consequently, the Nile’s sourc-
es experience increased rainfall during the northern hemisphere’s summer
months. The chapter culminates in a comprehensive description of the evap-
oration and precipitation processes, followed by an exclusively exogenous
explanation for the origin of rivers:

The rains that fall on the tops of the mountains they recede into the fis-
sures and interstices of those mountains, and are poured into the caves,
caverns, and chasms that are found there; [these] are filled, and in the low-
est [parts] of those mountains narrow openings are formed, from which
those waters are seeped, flow, and assemble together becoming wadis

108 Ikhwan al-Saf&’, On the Natural Sciences, 180-1. The Ras@’il translations presented in this
paper are by C. Baffioni. The processes that lead to the generation of clouds is further described
in Ep. 18 Ch. 8. Ikhwan al-Safa’, 203.

109 Ikhwan al-Safa’, On the Natural Sciences, 180.
110 Ikhwan al-Safa’, On the Natural Sciences, 241-2.

111 The issue is described as ‘vexing’ by G. de Callatay in the “Brethren of Purity” entry of
the third edition of the Encyclopedia of Islam, where a comprehensive and updated summary of
the matter can be found. de Callatay, “Brethren of Purity”.
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and rivers; those snows on the tops of the mountains are melted, flow to-
wards those wadis and rivers, and return in their course to the seas, then
vapours, winds, and rains are formed from them, as it had happened the
preceding year. This is the decree of the Mighty, the Omniscient.**?

It is notable that within the same treatise, an explanation for the sea’s sa-
linity is presented, which combines the aforementioned Aristotelian caus-
al approach (briefly examining factors contributing to the saltiness of the
sea) with a discussion on the purpose of seawater salinity in relation to di-
vine wisdom. This explanation is strikingly similar to the central argument
presented by Tabit in his work on seawater salinity. As per the Thwan'’s ac-
count, the salinity of seawater is of the utmost importance since, without
it, terrestrial plants, animals, and humans would not survive; concurrently,
this salinity does not pose a danger to marine life. While Tabit is not explic-
itly referenced in these sections, it is reasonable to hypothesise that there
could be a direct or indirect link between this passage from the Rasa’il and
his treatise on seawater and its salinity.

It appears that, at least until the eleventh century, two school of thought
on water and its role in the ecosystem coexisted among learned Arabic-
speaking communities. On one side, we find those who followed or tried to
refine Aristotelian conceptions adopting an endogenous model of the water
cycle, on the other side we have those who believed in an exogenous model.

Of these authors, Tabit appears to be the most prominent early advocate
of the exogenous model, although he may not be the first known author to
have written treatises based on this model; the Filaha nabatiyya and Hunayn
b. Ishaq’s commentary predate Tabit’s work on the subject and express im-
plicitly similar views. Despite this, Miskawayh and al-Biruni acknowledge
the importance of these earlier treatises by citing them in their own work,
while the Thwan do not. It is noteworthy that there is no evidence of any de-
bate or disagreement between these two groups, given that Ibn al-‘Amid and
Miskawayh were personally acquainted and al-Biruni and Ibn Sina engaged
in a well-known philosophical correspondence. It is possible that Tabit’s
ideas about the water cycle and related topics, such as the salinity of sea-
water and the usefulness of mountains, were passed down through scholar
networks and served as a marker of educational background for members
of later intellectual elites. This suggests the existence of a diversity of per-
spectives on the natural environment and the natural world more broadly
within this period. This plurality of views has significant implications for
contemporary discussions of the environment within the Arabo-Islamic tra-
dition, as will be explored in the following chapter.

The Arabo-Islamic tradition inspired by Aristotle generally depicted the
water cycle through an endogenous model and the idea that certain elements
can transform into others. Specifically, it was believed that air could turn
into water and vice versa, with vapour occupying an intermediate position.
This perspective was often accompanied by a strong anthropocentrism, stat-
ing that the majority or all of the elements and processes that make up the
natural world are intended for the benefit of humanity.

The view of nature conveyed in the two treatises by Tabit that are ex-
amined here is based on an exogenous model of the water cycle, the idea

112 Ikhwan al-Safa’, On the Natural Sciences, 244.
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that the water in the world is a fixed quantity and not continually gener-
ated, and an implicit biocentrism. According to this biocentrism, the ele-
ments and principles of the natural world are intended for the sustenance
of all life, which is itself a part of the wisdom and beauty of creation. A sim-
ilar understanding can be found in Miskawayh and the Thwan al-Safa. In
the following chapter, we will explore how al-Birtini expanded upon Tabit’s
understanding of the natural world. As we will see, the concept of the en-
vironment is a central point of convergence and agreement between these
two important scientists in the Arabic-Islamic tradition. This convergence
takes the form, concretely, of extensive paraphrases from the two treatises
of the Sabaean mathematician and scientist that we are interested in here,
and, more generally, of a significant similarity in approach both to knowl-
edge in general and to the relationship between the scholar and nature/cre-
ation as objects of study.
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Summary 3.1 The Scientific Career of al-BirGinT. - 3.2 Climatic and Environmental Subjects
in al-Birant’s Scientific Production. - 3.3 Al-Birani and the Anwd’. - 3.4 Hydrology in the Kitab
al-Athar al-Bagiya. - 3.5 Hydrology in the Kitab tahdid al-amakin. - 3.6 The Water Cycle According
to al-Birani, Tabit and al-Karagr: A Comparison.

3.1 The Scientific Career of al-Biruni

According to his own account, al-Biruniwas born in “the city of Khwarazm”
on Thursday, 3 Du al-Hijja 362/4 September 973. The city of Khwarazm is
Kat, and his nisba, birtuni, derived from the term birtn for ‘outskirts’, has
led to some speculation. The most common interpretation in modern schol-
arship is that this nisba indicates that al-Biriini’s family lived on the out-
skirts of Kat, but other possible explanations include that it refers to the
rural origin of the family or his status as an outsider in the Banu ‘Iraq fam-
ily, rulers of Khwarazm, who may have taken him in at a young age or even
provided a wet nurse for him, as there are hints, although not conclusive,
that al-Birtini may have lost his parents at an early age. Regardless, Abt
Nasr Mansur b. ‘Ali (d.b. 427/1035-36), a member of the Banu ‘Iraq fami-
ly and a mathematician and astronomer, became al-Biruni’s teacher and
trained him in these fields.*

In the late tenth century, the collapse of the Samanid dynasty brought
about a change in power in Khwarazm and marked the end of the rule of the
Banu ‘Iraq. As aresult, al-Biruni, who had a close relationship with the Banu
‘Iraq, was forced to travel between cities for a period of time. In 338/998, he
joined the court of the Ziyarid ruler of Tabaristan, Shams al-Ma‘ali Qabus

1 Bosworth, “Biruni, Abu Rayhan I. Life”. On the relationship with Abi Nasr Mansir see
Brentjes, “Abu Nasr Mansur”.
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b. WuSmagir (r. 366-371/977-81 and 388-403/998-1012-3).? During this time,
al-Biruni produced several important works on astronomy, benefitting from
the Ziyarid’s interest in the subject, while also working on his first major
work, the Kitab al-atar al-bagiya. Despite his success in these endeavours,
al-Biruni was not entirely satisfied with his situation and spent several years
at the Ziyarid court.

In 394/1004 the court of Jurjaniyya, Khwarazm new capital under the rule
of the Banu Ma’'mun, welcomed back al-Biruni. There, the astronomer and
scientist acted as boon companion, advisor and diplomat, at the same time
pursuing his scientific interest but not producing much writing. The likely
encounter with Ibn Sina happened in Jurjaniyya deserves a mention. Ibn Sina
entered the court of Abu al-Hasan ‘Ali b. Ma’miin (r. 387-399/997-1008-9)
before 399/1009 and left in the winter of 403/1012-3 for the Ziyarid court,
therefore it is highly likely that the two did in fact meet.

Al-Biruni’s years in Khwarazm came to an end, once again, with military
and political changes in the region. Starting in 403/1013, tensions began to
mount between Abtu al-Hasan ‘Ali b. Ma’mun and his brother-in-law the Ghaz-
navid Sultan Mahmud. As the latter required his name to be included in the
hutba (Friday sermon), a request of recognition of his supremacy that was
granted but not really applied, the Abbasid Caliph sent to the Khwarazmshah
an honorific title and robe. Al-Birini himself was sent to accept the gifts,
so that a public investiture, sure to further complicate relations with Ghaz-
na, could be avoided. This move damaged the legitimacy of the Khwarazm-
shah, and when he was killed in a military revolt, Sultan Mahmud intervened
on the pretext of vindicate him and installed his own officers in 408/1017.

At this time al-Biruni was completing his Tahdid (Determination), as he
testified himself, and was brought to Ghazna with little say in the matter.
Although al-Biruni did not leave Khwarazm of his own will, in Ghazna he en-
joyed the patronage of Sultan Mahmtud, who supported the study of astron-
omy and astrology in particular. Al-Birtuni also visited the Indian regions
of the Ghaznavid empire where he collected the vast corpus of sources and
data that allowed him to compose a book on Indian sciences and customs
known as Tahqiq ma li-l-Hind (known in English as Biruni’s India).

After the death of Sultan Mahmud in 421/1030 the power transitioned
to his son Mas‘ud, after a brief military confrontation with the other son
of the late Ghaznavid ruler. Under Sultan Mas‘ad al-Birtni maintained his
position and had the chance of visiting his native Khwarazm for research
purposes. He finalised a work on astronomy and astronomical geography,
dedicated to the new ruler under the title of Qantun mas‘udi (Canon Masu-
dicus), and later treatises on astrology, notwithstanding his lack of love for
the discipline, and on mineralogy, the Kitab al-gamahir (On Jem and Precious
Stones). The latter was in fact dedicated to Sultan Mawdud, who succeed-
ed to the throne after Mas‘ud’s death at the hands of his own commanders
after a military defeat against the Seljugs.

During the latter years of his life, al-Biruni devoted himself to writing
an encyclopaedic treatise on pharmacology. Unfortunately, his own illness
prevented him from completing the work, and he passed away in 440/1048.
Throughout his life, al-Birtni is known to have written 183 works, although
only a small portion of these have survived to the present day. His contri-

2 Cristoforetti, “Cycles and Circumferences”.
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butions to the fields of geometry, mathematics, and astronomy, both with-
in the Islamic world and in Europe, have had a lasting impact. In modern
times, there has been renewed interest in al-Biruni’s life and the breadth of
his research, leading to a revitalisation of his legacy.* Al-Birtini’s esteemed
reputation today makes it particularly interesting to examine his views on
the natural world, including his thoughts on water, which he studied as both
an engineer and a scientist.

3.2 Climatic and Environmental Subjects in al-Biran1’s
Scientific Production

A considerable part of al-Biriini’s writing on climatic and environmental
subjects seems to be lost, in particular his meteorological work Magqala f1
al-baht ‘an al-atar al-‘ulwiya (Discourse on Research Concerning Meteorol-
ogy). Nevertheless, a few things can be said about his view of the natural
world.* Although extant writings do not provide us with a comprehensive
definition of nature according to al-Biruni, three aspects emerge from brief
digressions in the Kitab al-atar al-baqiya and Tahqiq ma li-I-Hind: Nature as
a creative power, its divine design, and, consequently, the avoidance of any
“lack or deficiency”.® A passage from the Tahqiq ma li-I-Hind exemplifies the
three points rather clearly:

Nature [...] allows the leaves and fruit of the tree to perish, thus prevent-
ing them from fulfilling the ends for which they are intended in its sys-
tem, [and] removes them to make room for others.®

In terms of cosmology, al-Birtuni follows Aristotle in distinguishing between
the sublunar region and the heavens. Only in the sublunar region we have
the world of change, entailing both generation and corruption, in which the
creative power of nature plays its role in accordance with the divine design,
though it should be noted that in his exchange with Ibn Sina, al-Birini ex-
pressed some scepticism about posing that the two realms have essential
physical differences.” A similar stance of critical adoption of Aristotelian
doctrine emerges in other aspects of his cosmology. A further example is
his adoption of geocentrism but, at the same time, affirmation that helio-
centrism would be mathematically equivalent.?

The concept of nature as creative power of change informs his under-
standing of the environments of the Earth. By merging his knowledge of

3 Afewrecent titles that may serve as introductions to his work are Malagaris, Biruni; Sanagus-
tin, “Abu Rayhan al-Biriunl”; Ataman, “Re-Reading al-Biruni’s India”; Mirza, “Biruni’s Thought
and Legacy”; Malik, Birini, “Al-Biruni”.

4 For a comparison of the scientific and philosophical divergences between al-Birtini and Ibn
Sina in the study of natural sciences see Mirza, “Believing is Seeing”.

5 The first ambitious and seminal study of the cosmological thought of al-Birtni is part of Hos-
sein Nasr’s monograph on natural sciences in the Arabo-Islamic tradition. Nasr, An Introduc-
tion to Islamic Cosmological Doctrines, 107-74.

6 Biruni, India, 1: 400-1; al-Biruni, Hind, 200. Cited in Nasr, An Introduction to Islamic Cos-
mological Doctrines, 123.

7 Mirza, “Birini’s Thought and Legacy”.
8 Mirza, “Birini’s Thought and Legacy”, 612.
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the Greek scientific traditions with his own observations and elements of
the Indian and Persian geography he argued that geological changes hap-
pen over long spans of times:

This steppe of Arabia was at one time sea which later upturned, and the
traces of that sea become evident on digging for wells and springs, be-
cause the desert then unfolds various strata of earth, sand, and soft peb-
bles, intermingled with pieces of pottery, glass, and bones, which could
not have been buried there intentionally. Again, a variety of stones is exca-
vated which reveals, on breaking up, definite sea products: shells, cowrie
shells, and what are called ‘fish ears’. These products will be found either
fully preserved, or in a state of complete decay, and in the latter case they
will have left their figures completely imprinted in cavities in the stones.’

3.3 ALl-Birint and the Anwa’

Weather forecasting, which should not be confused with the broader field
of meteorology, is also a way of gaining insight into the understanding of
the environment held by our authors. As mentioned previously, the Kitab
al-atar al-baqgiya contains some elements of meteorological forecasting. In
the chapter on the riumi (Byzantine, i.e. Julian) calendar, al-Birtni explains
the differences in weather forecasting between the rumis and Syrians on
the one hand, and the Arabs on the other.

As al-Biruni explains, the anwa’,*® or ‘weather predictions’, of the Arabs are
based on the movements of the fixed stars. This means that the weather for a
particular day is determined by the positions of the stars. In contrast, those
who follow a solar calendar believe that each day of the year has a unique me-
teorological character, although this does not necessarily mean that a sunny
day will always be sunny. These ‘solar’ anwa’ are based on average weather
determined by historical observations, but the actual weather experienced
on given day of a certain year will be affected by other factors as well.**

Al-Biruni cites the Kitab al-anwa’ (Book on the anwa’), a lost text written
by Sinan (d. 331/943), son of Tabit, as the source for the solar anwa’ included
in his version of the riumi calendar. This text was reportedly commissioned
by the Abbasid Caliph al-Mu‘tadid, which means it was likely produced be-
tween 892-902. It is possible to speculate that the creation of this text, which
is linked to the solar calendar, may have been related to al-Mu‘tadid’s deci-
sion to adopt the solar calendar for financial purposes at the beginning of his
caliphate.** At the very least, it may signal a broader interest by al-Mu‘tadid
in the use of the rumi calendar for agricultural and fiscal purposes.

As Nallino suggested, and Samso and Rodriguez conclusively argued,
the Kitab al-anwa’ appears overwhelmingly based on Ptolemy’s phases.** In

9 Al-Biruni, Tahdid, 44; Determination, 18.
10 Varisco, “The Origin of the Anwa’ in Arab Tradition”; Varisco, “Anwa’”.
11 Al-Biruni, Chronology, 231-3.

12 Busse, “Das Hofbudget des Chalifen al-Mu‘tadid billah (279-892/289-902)”; Borroni, Il nuo-
vo giorno dell'impero, 148-62.

13 Nallino, ‘IIm al-falak, 154-5; Sams6, Blas Rodriguez, “Las ‘phaseis’ de Ptolomeo”. On Ptole-
my'’s phases see Hall, “Horoscopes of the Moon”.

MarcoPolo2 | 46
Connecting Water, 43-60



Borroni
3« Al-Biriint’s Thought on Water and the Influence of Tabit

addition to the anwa’ derived from an Arabic translation of Ptolemy, there
a few derived from other Hellenistic sources, and personal observations by
both Sinan and al-Biruni.

Fortunately, Sinan’s observations are clearly identified in the text by
phrases such as “Sinan said”, and they are likely to relate to Tabit’s unfin-
ished work on the same topic. According to al-Birtni, Sinan himself con-
ducted a comprehensive study in which he observed meteorological condi-
tions in ‘Iraq over a period of 30 years in order to refine and adapt the anwa’
of other countries to his own region. While Tabit did not complete his own
project on this subject during his lifetime, his approach is still important
because it was recognised by al-Birtuni, who reported at least some of the
results in his work, highlighting the close connection between these two
scholars in their understanding and study of nature.

If Sinan’s observations in the K. al-atar al-baqgiya are rather succinct and
sparse, al-Birini devotes more space to his own. These observations are
mixed with ample digressions on a variety of scientific subjects at times on-
ly loosely related with the presented anwa’. The first of these digressions
is especially relevant to al-Biruni’s understanding of the natural world. On
the naw’ for 7 November, al-Birunirelates that it is the first day of the rainy
season, marked by the Sun entering the 21st degree of Scorpio. In this re-
gard, and in accordance to the regional variability of the anwa’ theorised
by Tabit, al-Birtni notes that this statement is valid only for Iraq and Syr-
ia, which as a side note suggests that it is an original anwa’ by either Sinan
b. Tabit or Tabit. He provides empirical proof of the geographical limits of
applicability of the anwa’ based on his personal observations in Khwarazm
and on the accounts of the third/ninth century geographer Ibn Hurdadbayh:

I believe, however, that this is only peculiar to the climate of ‘Iraq and
Syria, not to other countries, for very frequently it rains with us in Kh-
warazm even before this time. ‘Abu al-Qasim ‘Ubaydallah b. ‘Abdallah
b. Hurdadbayh relates in his Kitab al-masalik wa al-mamalik that in Hi-
jaz and Yemen it rains during June, July, and part of September. I myself
have been dwelling in Gurgan during the summer months, but there nev-
er passed ten consecutive days during which the sky was clear and free
from clouds, and when it did not rain.**
The digression then goes on to describe various local climatic ‘aga’ib, or
‘phenomena’ that occur in specific places and are difficult or impossible to
explain scientifically.*® These ‘aga’ib include mountains in Tabaristan where
the air is so humid and thick that the mere crashing of garlic can cause rain
by dissolving the vapours,*® a cave and well that cause rain when their wa-
ters become cloudy, and a rock in the land of the Turks that brings heavy,
destructive rain if touched by sheep’s wool. The chapter on the riumi calen-
dar includes several other similar ‘aga’ib, and al-Birtni offers his interpre-
tation of these inexplicable phenomena:

14 Al-Biruni, Kitab al-atar al-baqiya, 245-6; al-Birtuni, Chronology, 234-5.
15 Al-Biruni, Kitab al-atar al-baqiya, 246; al-Biruni, Chronology, 235-6.

16 The use of garlic and other acid or pungent plants in apotropaic rites is widely attested in
Persian popular culture. Peyman Matin, “Apotropaic Plants”.
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These things are natural peculiarities of the created beings, the causes
of which are to be traced back to the simple elements and to the begin-
ning of all composition and creation. And it was not possible to come to
understand them.*’

Therefore, the fact that these phenomena are difficult to explain should not
be interpreted as a suspension of the rational order that underlies the divine
plan. Rather, they serve as a reminder of the limitations of current scientif-
ic understanding, which could potentially be overcome if we had access to
a more complete understanding of the fundamental building blocks of crea-
tion. This perspective is similar to that of Tabit, as he presents it in his trea-
tise on seawater salinity, who saw the pursuit of knowledge about the divine
wisdom through the study of creation as an endlessly unattainable quest.

Al-Biruni further confirms this perspective in a subsequent paragraph
discussing the distinctive climates of larger regions. After discussing some
examples of unusual meteorological phenomena on a small scale as ‘agad’ib,
he examines regions with exceptional meteorological characteristics, such
as the extremely rainy mountains of Tabaristan and the exceptionally dry
region of Fustat. According to al-Biruni, the climatic differences of larger
regions can be explained by geographic factors such as distance from moun-
tains and the sea, elevation, and latitude. Al-Birtini suggests that global cli-
mate is influenced primarily by the geographic features of an area, and in
some cases, by physical differences on a smaller scale.*®

Of course, al-Biruni’s willingness to accept, at least in theory, reports of
inexplicable ‘aga’ib should not be taken as a sign of excessive credulity. In
a brief digression around 6 January, al-Biruni mentions the belief that there
is an hour on this day when all salty water in the world becomes sweet.*® He
rejects this notion, stating that “the qualities occurring in water depend ex-
clusively on the nature of the soil where it is enclosed, if it is stagnant, or
over which it is flowing, in the case of running [water]”. He also notes that
these qualities are “stable” and can only change gradually. This example il-
lustrates that al-Birani is willing to consider reports of inexplicable ‘aga’ib
as long as they do not contradict a general scientific principle.?® In fact, he
applies this same criterion to reports in general. This can be seen in his later
discussion of hydrology and hydraulics, which will be discussed in conjunc-
tion with the continuation of this passage on the properties of salty water.

Continuing on the environmental themes discussed by al-Birtni, it is
worth mentioning his views on the origin of heat in the air and Sun rays.
This topic is relevant in this context because it is connected to a fundamen-
tal point of agreement between al-Biruni and Tabit. Al-Biruni presents the
theories held at the time on the origin of the heat of the air. He first touch-
es on the subject discussing the coal days. These are three days when an
increase in atmospheric heat occurs, due to either a spreading of subterra-
nean heat or a change in the action of Sun according to the competing the-
ories presented by al-Birini. Here the author does not seem to prefer a the-

17 Al-Biruni, Kitab al-atar al-baqiya, 245; al-Birtuni, Chronology, 235.

18 On geography, orography, and their respective influence on the Arabo-Islamic reception of
the classical climes theory, see Al-Azmeh, “Barbarians in Arab Eyes”, 7-8.

19 Al-Biruni, Chronology, 240.

v-

20 On ‘aga’ib literature see Zadeh, “The Wiles of Creation”.
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ory over the other, and simply notes that according to some atmospheric
heat is caused at least in part by heat from the interior of the earth, while
others maintain that the only cause is Sun rays.

Al-Biruni takes a position in the debate about atmospheric heat further
on, discussing the weather condition of the first day of March:

People say that [...] the heat of heaven and the heat of earth meet each
other. This is a somewhat exaggerated expression for the beginning of
heat, its increase and spreading, and for the air adapting to receive it.
Because heat is just the rays of the Sun sent from its body towards the
Earth or from the warm body touching lunar sphere called Fire.?*

Thus, he distinguishes between two types of heat: the heat ‘inherent’ to sun-
rays and the heat of the body between the lunar and sublunar sphere, called
Fire. The latter, according to al-Biruni is caused by friction due to the rapid
movement of the spheres.?? Al-Biruni prefers this explanation over the Aris-
totelian doctrine of the natural place, which would place fire above air, pre-
cisely because he adopts the view of Tabit on the subject:

This explanation is in conformity with the theory that none of the exist-
ing bodies is in its natural place, that all of them are where they are on-
ly in consequence of some force being employed, and that force must of
necessity have had a beginning.?*

3.4 Hydrology in the Kitab al-Athar al-Baqiya

The longest discussion of water-related topics found in al-Birtni’s works
is a lengthy digression in the rimi calendar chapter from the Kitab al-Atar
al-Bagiya. This hydrological and hydraulic digression is similar those dis-
cussed above, and departs from the naw’ of 28 April, when according to
Eudoxus and Sinan there is a tendency towards rainfall and rivers grow in
this period.?* Commenting on the periodicity of fluvial regimes, al-Biruni
devotes a few pages to a multifaceted discussion of several hydrological and
hydraulic subjects covering:

» Fluvial regime of the Oxus in comparison with the Tigris and Euphrates

* Fluvial regime of the Nile

* Seasonality of water springs

* Role of the mountain in the water cycle

* Upward movement of water

21 Al-Birini, Chronology, 246-8.

22 This debate was also discussed in al-Biriini’s correspondence with Ibn Sina. Starr, Lost En-
lightenment, 260. A German translation of this passage is also available in Strohmaier, In den
Gdrten der Wissenschaft, 58-60.

23 Al-Birini, Kitab al-atar al-baqiya, 257; Chronology, 247.

24 The two sources are Eudoxus of Cnidos (ca. 408-355 BC) and of course the aforementioned
Sinan b. Tabit. The source of the anwa’ of Eudoxus, who appears often in the chapter and studied
the periodicity of weather phenomena, may be an Arabic version of the Ceimonos Prognostica,
a treatise on bad-weather predictions of Babylonian origin. Frisinger, The History of Meteorol-
ogy, 10-15; Sarton, A History of Science, 447.
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* Hydraulic machines
* Peculiar customs and places related to water

For the purposes of this discussion, we will focus on the aspects of this pas-
sage that pertain to al-Birtini’s views on the environment and hydrology.**

Al-Biruni discusses fluvial regimes starting with the general statement
that rivers and awdiya (sing. wadi) begin to increase in water output on 28
April. Here wadi should be understood as a broad term referring to streams,
rather than what is referred to by the term wadi today, e.g. a typical stream
in an arid region presenting occasional waterflows for very short time-
spans. Al-Biruni notes that not all watercourses have the same regime, and
he singles out four rivers to illustrate how and why fluvial regimes can vary
according to seasonality:

It is said that the south wind blows on this day, and that the streams and
rivers begin to grow. This increase of the water does not happen in all
streams and rivers in the same way. On the contrary, they differ a great
deal from each other in this respect. For instance, the Oxus has high wa-
ter when there is little water in the Tigris, Euphrates, and other rivers.
This happens because [rivers] that originate from streams in colder plac-
es have more water in summer and less in winter.?¢

Al-Biruni notes that the Oxus, also known as the Amu Darya, receives the
water that causes its growth during the summer from snowmelt. Thus, he
describes here what hydrologists today call a nivo-glacial regime. The Ti-
gris and the Euphrates are characterised by what is today known as a plu-
vial regime, which al-Biruni describes as a seasonal growth of the rivers
caused by an increase in rainfall. The Nile also presents a pluvial regime
according to al-Biruni, but its geographical position makes it a peculiar
case, which will be discussed in what follows. Here it is important to note
how al-Birtuni recognises how all of the rivers that he is taking as exempla-
ry cases grow and decrease according to the respective availability of their
water sources. All of the water sources mentioned here are part of an exog-
enous water cycle, and there is no mention whatsoever of water generation
or transformation of air into water happening in the depths of the earth.
In this regard, it should be noted that al-Biriini expressed his perplexities
on the transformation of water into air also in his epistolary exchange with
Ibn Sina and the latter’s pupil al-Mas‘imi. In the tenth question posed to
the philosopher, al-Biruni inquires whether “when water transforms into
air, does it become air in reality, or is it because its particles spread out un-
til they become invisible to the sight so that one cannot see these separate
particles?”.?” Ihn Sina’s answer negates the second explanation proposed
by al-Birtni, referring him to Aristotle’s works on the subject, and al-Biruni
does not comment on it.?® Later in life, when he composed the didactic but
comprehensive treatise on astronomy and astrology titled Kitab al-tafhim,

25 For an analysis of the hydraulic aspects of this passage see Borroni, Boselli, “Hydraulics
and Hydrology”.

26 Borroni, Boselli, “Hydraulics and Hydrology”, 177.
27 Berjak, Igbal, Ibn Sina - Al Biruni Correspondence, 17 [42].
28 Brentjes, “Abu Nasr Mansur”, 31.
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al-Biruni explicated that water “becomes suspended in the air”, only to re-
gain its original liquid nature as it falls from the clouds in forms of rain.*

Interestingly, al-Biruni appears to be correct for the wrong reason when
he states that the sources of the Oxus are frozen around time when the Ti-
gris and Euphrates grow thanks to rainfall because the Oxus originates fur-
ther north than the Mesopotamian rivers. In fact, both sources are located at
about the same latitude. The reason for the discrepancy between the season-
al regimes of the Tigris and the Euphrates, on one side, and the Oxus, on the
other is that the sources of the latter lie at much higher altitude. Thus, they
are indeed frozen in early spring when the Tigris and the Euphrates receive
more rainfall. Al-Biruni’s interpretations appears to be linked with his concep-
tion of climates, which focused primarily though not exclusively, in latitude.*®

Lastly, the passage features an expression to designate precipitation.
Al-Birini employs here the term wuqu‘ al-andiyya, which is roughly trans-
latable as ‘dewfall’. In fact, this was also how Sachau rendered the term in
his English version of the Kitab al-atar al-baqgiya, but the context makes it
clear that al-Biruni also had in mind rain and snow, since he mentions the
latter little later on in the text. Thus the terms wuqu‘ al-andiyya and al-anda’
should be understood as referring to all naturally occurring water from at-
mospheric precipitation, such as rain and snow.

The Nile receives a longer treatment in the digression, since al-Birtuni
presents two alternative explanations for his peculiar fluvial regime. The
first theory assumes that the sources of the Nile are located south of the
Equator. Being first and foremost an astronomer, al-Birtini knows that the
seasons are reversed in the southern hemisphere. This means, he notes,
that the Nile receives more water during the dry season in the northern
hemisphere. Alternatively, the author suggests, it could be that the sourc-
es of the Nile lie north of the Equator, in which case they would be subject
to some regional rainfall regimes, as in the aforementioned case of Yemen:

As for the Nile, it grows when Tigris and Euphrates shrink. This is be-
cause its source lies in the Mons Lunae, as it has been said, beyond Assu-
an - the city the Abyssians in the southern region - either at the Equator,
or beyond it. This is, however, a matter of doubt, because those surround-
ings are not inhabited, as we said earlier. It is evident that in those re-
gions any freezing of moist substances is impossible. Therefore, it could
either be that the growth of the Nile is caused by precipitated water, as
it is evident that the water does not stay where it has fallen, but flows
off to the Nile at once, or that it is caused by the springs, that have the
most water in winter. [In the latter case,] the Nile rises in summer, be-
cause when the Sun is near us and at our zenith, it is far away from the
zenith of those regions whence the Nile originates, and it is winter there.**

Clearly, both theories assume a purely exogenous water cycle. Al-Birini’s
reliance on the model outlined by Tabit becomes more explicit as he moves
to discuss the seasonality of water springs, which directly influence the be-
haviour of fluvial regimes:

29 English and Arabic text in Biruni, The Book of Instruction, 124-5.
30 Antrim, Routes and Realms, 90-1.

31 Borroni, Boselli, “Hydraulics and Hydrology”, 178.
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Regarding the question why the water of springs is most copious in win-
ter, it is because the all-wise and all-mighty Creator intended to place
the mountains [on earth] for a number of beneficial uses, some of them
mentioned by Tabit in his book on why the mountains were created. This
reason [that interests as here] is to fulfil [his] intention of making the
water of the seas salty. Clearly, precipitation in winter is higher than in
summer, and they are higher in the mountains than in the plains. When
[this water] falls, a part of it flows away in the torrents and the remain-
ing part seeps down into the pores in the mountain caves, and there it is
stored up. Afterwards, it begins to come out from the holes that are called
springs. That is the reason why [this water] is most copious in winter: it
is because there is more of its own substance. Moreover, if these moun-
tain caves are clean and pure, the water flows out just as it is, agreeable
[to the taste]. If that is not the case, the water acquires different quali-
ties and peculiarities, the causes of which are hidden from us.**

Here, al-Biruni cites Tabit’s treatise On the Benefits of the Mountains. The
treatise appears today to be lost and the most detailed account of its content
is the aforementioned summary by Miskawayh. The Kitab al-atar al-baqiya
features only this reference to Tabit’s argument that, despite its brevity, is
nevertheless useful in confirming two points found in Miskawayh’s summary.

First, the role of mountains as collectors of rain. Al-Birtuni does not delve
into the details of how and why mountains are key in the production of rain,
but describes the functioning of a karst system in broad strokes. Second,
al-Birunl maintains that precipitation is the only source of water involved
in the regulation of fluvial regimes, thus excluding the endogenous model
of the water cycle. This is true even though he describes the karst system,
which entails subterranean waters that would be easy to explain via water
generation in the depths of the earth. More broadly, the short summary pro-
vided by al-Biriini confirms the teleological approach of Tabit’s lost treatise,
in agreement with the theses advanced in the treatise On Why Seawater Was
Made Salty on a natural world functioning towards its own regeneration.

According to al-Biruni, mountains and the karst systems he describes
play a role in defining the characteristics of water. While he does not delve
into the relation between soil and the characteristics of the water it contains
in depth, this concept had already been expounded upon in his commentary
to the naw’ of 6 January. There, the author relates that some people - it would
seem that these are common people rather than men of science - maintain
that on this day there is an hour when all the salty water of the world turns
sweet for an instant. Al-Biruni dismisses this belief:

All the qualities occurring in the water depend exclusively upon the nature
of that soil by which the water is enclosed, if it be standing, or over which
the water flows, if it be running. Those qualities are of a stable nature, not
to be altered except by a process of transformation from degree to degree.**

Al-Biruni further elaborates on the assertion that water can only change its
qualities gradually by describing the behaviour of the lake of Tinnis, a brack-

32 Borroni, Boselli, “Hydraulics and Hydrology”, 178.
33 Al-Biruni, Kitab al-atar al-baqiya, 230; Chronology, 240.
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ish deltaic lake in north-eastern Egypt which is today known as the lake of
Manzala. He relates that the lake is sweet in autumn and winter and salty
for the remainder of the year because, given the seasonality of the Nilot-
ic fluvial regimes, the lake receives different amounts of sweet water from
the river and salty water from sea according to the season.

3.5 Hydrology in the Kitab tahdid al-amakin

The Kitab tahdid al-amakin li-tashih masafat al-masakin is of special impor-
tance to the study of the connections between al-Birini’s and Tabit’s view of
the environmental role of water. Al-Birin1 devoted this book to mathemat-
ical geography and expounds on it in great detail, calculating the coordi-
nates of the city of Ghazna, where he had been brought, not entirely willing-
ly, by Sultan Mahmud in 409/1018. Seven years after his arrival in Ghazna,
in 416/1025, he completed the Kitab tahdid as a praise of Sultan Mahmud
himself. As with the Kitab al-atar al-baqiya, it is impossible to do justice to
the wide range of subjects covered by al-Birtni here.** Instead, we will fo-
cus on his paraphrase of Tabit’s treatise On Why Seawater Was Made Salty.**

Al-Biruni approaches the subject in the introductory chapter, where he
defends the merits of knowledge in general and mathematical geography in
particular. The latter, as noted by al-Biruni, is essential to Islam as a tool
for calculating the direction of the gibla for the ritual prayer. The former is
first and foremost a natural need of every mind, and moreover it forms the
basis for any materially beneficial activity that is morally sound. From these
premises, al-Birtini moves on to discuss the origin of the world and its per-
petual state of change. In these pages, he relates several historical instanc-
es of the natural landscape and human civilisation influencing each other.
Al-Biruni reports a variety of cases from various sources in which either natu-
ral catastrophes or destructive or constructive human activities dramatically
changed different waterscapes. These changes, in turn, affected the lives of
cities and peoples, leading al-Biruni to state that “civilisation demands water,
and it shifts in pursuit of it, because the former is dependent on the latter”.*

The reasoned recognition of the importance of water for all human civili-
sation serves al-Biruni a basis to discuss the natural history of water and its
role in the divine plan. Al-Birtni draws on Aristotle, the Torah, and the Quran
to explain that God changed an originally perfectly spherical, but desolate
Earth by elevating and thus drying some of its parts, while water accumulat-
ed in the sea. To explain the salinity of the sea, al-Birtuni first turns to Tabit:

He called the water that gathered in a depression a sea, and gave it the
taste of salinity. This salinity, according to Tabit, prevents the water from
getting foul, and eliminates putrefaction which would be disastrous to His
intended creatures. The sea was also intended to be a reservoir of water
for man’s special needs, and as the lives of both man and animal, which is
put in man’s service, are dependent on fresh water, and as his habitation

34 Foradiscussion of the astronomical, mathematical, and geographical aspects of the Tahdid,
see Kennedy, A Commentary upon Biruni’s Kitab Tahdid Al-Amakin.

35 The English versions of the passages from the K. Tahdid quoted here are from Jamal Ali’s
translation of the book. Al-Birini, Determination.

36 Al-Biruni, Tahdid, 52; Determination, 24-5.
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is far away from reservoirs, so God Almighty has designed the continu-
ous motion of the Sun and the Moon, and commanded them both to pro-
duce motion in the water, to evaporate it, and to lift its vapour upwards.

This short summary of the central thesis of Tabit’s treatise on seawater
further confirms what has been conveyed by Miskawayh and the content of
the only extant manuscripts. Interestingly, here al-Biruni slightly corrects
Tabit’s biocentric approach by noting that, while the divine plan for the nat-
ural world ensures the lives of all animals, the latter are in “man’s service”.
This slight change in outlook may suggest that Tabit’s biocentric vision of
the environment somewhat discorded with al-Birini’s more anthropocen-
tric one as a mainstream Muslim.*’

The passage continues briefly addressing the role of heat and winds as
the main forces behind the continuous cycle of waters, leading to a descrip-
tion of what we today call the water cycle in purely exogenous terms:

Then He commanded the winds to drive water vapour, in the form of
clouds, to desolate and waterless lands so that its rain in those lands will
refresh and sustain the lives of animals and plants over there, and its
rain on the mountains will penetrate and accumulate deep inside them,
or will remain on their tops in the form of snow. Further, the accumulat-
ed water will form rivers which will carry it back to the seas, but their
courses will run by the dwelling places of peoples and animals, who will
use the water for drinking and other utilities.*®

This paragraph is likely the clearest depiction of a purely exogenous water
cycle in Arabic sources of the period. Al-Biruni does not credit Tabit with
this idea, since this paragraph does not seem to be intended as part of the
summary of the Sabian’s treatise. Nevertheless, it seems abundantly clear
that the main source of reference for al-Birtuni on the matter is precisely
the treatise On Why Seawater Was Made Salty, since he chooses to com-
plete his discussion on seawater salinity with a dismissal of other possible
tastes that clearly echoes Tabit’s own longer discussion of the same subject:

These benefits could not have been possible, if the solute in sea water
were other than salt, because vapours of solvents, except the vapours of
solvents carry the tastes of solutes dissolved in them. For example, bit-
ter water is injurious to animals; sweet water is more readily fouled than

37 The anthropocentric character of most of the Arabo-Islamic tradition has been explained
both as a response to the text of the Revelation to Muhammad, and as a result of the adoption
of the Aristotelian and Ptolemaic cosmology. It should be noted that several modern thinkers
reject the idea that the Islamic Revelation expresses an anthropocentric point of view, argu-
ing, rather, that it is theocentric and that humans only have a peculiar set of duties and rights
in the Creation (hildfa). At the same time, there is no mention of the hilafa of humans in creation
in Tabit’s work. This concept is the cornerstone of a broader framework of Islamic discourse
on ecology. Proponents of this approach understand the natural world as necessarily Muslim,
that is, submitted to God’s will, and humans as halifa, meaning stewards or viceroys. This ap-
proach is not without opposition. In the late 1990s, for instance, Kaveh L. Afrasiabi argued that
this hierarchical, utilitarian, and anthropocentric interpretation should be left behind. Bagir,
Martiam, “Islam: Norms and Practices”; Afrasiabi, “Toward an Islamic Ecotheology”. Ozdemir,
“Towards and Understanding of Environmental Ethics”; Rizvi, “Islamic Environmental Ethics”;
Sessions, “Anthropocentrism and the Environmental Crisis”, 74.

38 Al-Biruni, Tahdid, 54; al-Biruni, Determination, 24-5.
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fresh water; acid water is repugnant, makes surfaces hard and rough, and
reacts so vigorously that it changes whatever comes into contact with it,
and it is sufficient to mention its action on iron and similar metals. Glo-
ry be to God, Most Omnipotent, Most Wise!**

These passages from the introductory chapters of the K. Tahdid show a
clear influence of the work of Tabit on al-Biriini’s thought on the environ-
ment and the role played by water in it. As is well-known, this relationship
between the two scientists is not limited to this only subject,*® but in this
case, as we hope to have shown, it puts their views at odds with a wider tra-
dition that was closely aligned with the Arabo-Islamic Aristotelian doctrine.
It may be possible to envision a link connecting the two through the Bagh-
dadi-based astronomer al-Buzgani (d. 387/997-8), who was the main teach-
er of al-Birtini's own teacher Abu Nasr Mansur.

In any case, one should not assume that al-Birtuini distances himself in any
manner from the theses he reports, citing the authority of Tabit. Although it
is true that in the passages mentioned, the wise Sabean is always duly cit-
ed, in al-Biruni’s Kitab al-jamahir fi ma‘rifat al-jawahir, he presents his own
synthesis of the water cycle. He does this specifically at the beginning of
the text, which is none other than an erudite treatise on the properties and
origins of various precious stones and metals, complemented by a treasury
of anecdotes and historical titbits related to each of these.

The introduction to the Kitab al-jamahir, however, covers a much broad-
er range of topics, and there al-Biruni, while always relying on legends, an-
ecdotes, historical facts, and his own reflections and personal experiences,
ranges from advice for married life to political doctrine, from the founda-
tions of economic theory (the value of gold is purely conventional) to the
fundamental aspects of creation, that is, the natural world.** This engaging
tour de force, which prepares the reader for the subsequent mineralogical
discussion, begins precisely with the following words:

All praise is for the Sustainer of the world, Who from the beginning to the
end is Unique, Who has ordained the survival of islam which destructs
ills and misfortunes, and [brings about] health and tranquillity, Who has
distributed food and fixed morality, Who has made struggle the source
for food in the same way in which he has made the Sun and the Moon as
the actors that uplift water towards the heaven. So, when the clouds are
filled and laden with rain, winds drive them towards dry land and flood
it with the blessing of water. Then, the earth generates plenty which for
man is wealth and for animals sustenance. Moreover, this very same wa-
ter returns to the slopes and [then] the oceans. He knows what comes to
the earth, what comes out of it, and what comes down from the heavens
and ascends towards them. Verily, he is the Knower, and He has issued
commands out of his infinite wisdom.**

39 Al-Biruni, Tahdid, 54; al-Birtni, Determination, 24-5.

40 See for instance their respective work on the Sun’s mean position on its ecliptic and its ac-
tual position.

41 Nadvi, “Al-Biruni and His Kitab al-Jamahir”.

42 Al-Biruni, Kitab al-jamahir fi ma‘rifat al-jawahir, 3. This English translation is a slightly edit-
ed version of H.M. Said published in Al-Beruni, The Book Most Comprehensive in Knowledge, 3.
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Therefore, at the opening of the Kitab al-jamahir, al-Biruni praises God for
the wisdom expressed in the mechanism of the water cycle, which al-Biruni
describes once again and in his own terms as purely exogenous.

3.6 The Water Cycle According to al-Biriini, Tabit and al-Karagi:
A Comparison

Any treatment of hydrologic or hydraulic knowledge in premodern Islam
is bound to find fruitful material in the eleventh-century treatise on the
construction of ganat entitled Kitab inbat al-miyyah al-hafiyya. Its author,
Muhammad al-Karagi (d. after 410/1019),%* hailed from the city of Karaj in
the Iranian Jibal,** early in his career, moved to Baghdad. There, he entered
the entourage of vizier Fagr al-Mulk as renowned mathematicians and held
several important positions working on the construction and maintenance
of roads, bridges, canals, and ganats. He returned later in life to Jabal and
it is there that he composed the Kitab Inbat al-miyah al-hafiya in honour of
vizier Abli Ganim Muhammad b. Halaf (deposed in 420/1029).

Al-Karagi wrote mostly on mathematics, geometry and algebra. Only a few
of his works have come down to us, and the Inbat is among what we have of
his production, and it has received some attention as a technical treatise.
In addition to the Arabic editions, of which the 1997 critical edition provid-
ed by ‘Abd al-Mun‘im is the most valuable,** there is a French translation by
Aly Mazaheri based on the 1941 edition in Hyderabad.*® The Inbat is devot-
ed to illustrating in detail the construction and upkeep of the ganat. These
underground channels of Iranian origin are a key feature of the irrigated
landscape and urban water-provisioning of the Islamic world from Central
Asia to the Western Mediterranean. Al-Karagi introduces his treatment of
the technical knowledge involved in infrastructure building and maintenance
with a concise but meaningful discussion of the general hydrological prin-
ciples that govern the natural world. The description of the water cycle and
the role of water in the ecosystem that emerges from the introductory chap-
ters of the Inbat bears interesting comparisons with the theses expounded
by al-Biriini and Tabit before him. Al-Karagi meant to provide the reader
with a general idea of the scientific consensus on the hydrology of the nat-
ural world, on which ganat technology is obviously based. Doing so, he also
conveys a clue on why it appears that scholars who affirmed the endogenous
and exogenous models of the water cycle did not actually debate each other.

Al-Karagdi adopts a purely Aristotelian starting point, stating both the
impossibility of void and the doctrine of the natural place, rejected by both
al-Biruni and Tabit, as we have seen:

And God, who is blessed and glorified, created the universe as solid, with
no voids, and He established for everything, meaning the celestial orb,

43 Vernet, “Al-Karadj1”.

44 Until the 1930s he was considered to be born in the Baghdadi suburb of Karh, and for this
reason modern scholarship knows him also under the incorrect name of al-Karhi; Solignac,
“Mohamed Al-Karagi, ingénieur hydrologue (m. 410/1019)”. On his life and work see also Soli-
gnac, Mohamed Al-Karagi, ingénieur hydrologue; Ferriello, “Problemi di storia della scienza”.

45 Al-Karagi, Inbat.

46 Al-Karaji, Eaux cachées.
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the stars, fire, air, water, and earth, a specific location for each; a location
that it seeks through its motion, if it becomes separated from it. There-
fore, dense bodies such as water and earth seek the centre, and the dens-
er body precedes the other.*”

Al-Karagi, who is only interested in water, explains that the irregular shape
of the Earth enables water to flow. Both earth and water strive to move to-
wards the centre of the universe, thereby attempting to achieve a spherical
shape. As a result, water placed in higher reservoirs will eventually flow:

When God, may He be glorified, decreed that water flowed and that it
would be moved from one place to the other, and that the Earth had both
dryland and sea, and that both dryland and sea had animals, seeds, fruits
and the various plants, minerals and other things that are necessary to
the prosperity of the earth and the life of the creatures upon it; together
with the food, drink, clothing, and the many gems and medicines that they
need, He created the earth with mountains, valleys, alluvial flans, peaks,
gullies, highlands, and chasms; all of these from many different types of
stone and soil, so that the distance between the centre of the earth and
its surface would have been unequal and that water flows from locations
distant from the centre of the earth to locations close to it.*

Here, we can appreciate a subtle echo of the biocentric principle that up-
holds Tabit’s thesis in both the Treatise on Why Is Seawater Salty and the
Treatise on the Usefulness of Mountains. More importantly, this passage
brings al-Karagi to deal with the all-important question of how water in
high elevations is replenished:

Water flows continuously from [higher] places to areas closer to the cen-
tre of the Earth, with the transformation of air to water during cold pe-
riods and in cold locations, and the transformation of water to air when
it becomes rarified during warm periods and in warm places.

This picture offers a partial and simplified version of the Aristotelian doc-
trine envisioning the transformation of water into air and vice versa, al-
though it would seem to ignore the subterranean generation of water and
describe an overall exogenous water cycle. However, in two further passag-
es al-Karagi describe this component of the endogenous model.

The first time he does so in a dubious fashion, presenting the generation
of water in the depths of the earth as a real possibility but with limited im-
pact on the overall cycle of water:

A philosopher has expressed the opinion that in the bowels of the air
(sic) which is transformed into water - on condition that the soil is very
cold - which gives rise to springs flowing along natural underground
channels and forming stagnant pools.*®

47 Al-Karadi, Inbat, 29.
48 Al-Karagi, Inbat, 30.
49 Al-Karagi, Inbat, 32.
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In the second passage dealing with subterranean water generation, al-Karagi
resorts to it as a possible explanation the reports of lakes and springs on
mountaintops. Here the author is dealing with same question that preoccu-
pied Ibn al-‘Amid, the presence of sources on mountain islands. Al-Karagi
first argues that such sources rely on a subterranean connection with a far-
away reservoir that lies higher the source on the island. Then, he completes
the picture by mentioning a different opinion:

Scientists have said: It is possible that the substance of springs on moun-
taintops is from the penetration of a great deal of vapour in the interior
of the mountain, which rises to the top and transforms into water, which
in turn appears on the summits.*°

This explanation is not intended to be fully contrarian to the circulation
of water through long-distance subterranean networks. Instead, al-Karagi
strives to provide a general but complete picture of the scientific under-
standing of his time. In this broader context the split between endogenous
and exogenous models blurs. In fact, in accordance with the customs of ad-
ab literature, the text presents the original opinions of al-Karagi and all oth-
ers that are deemed valuable and authoritative by the author.**

The broad picture provided by al-Karagi suggests that a debate about the
endogenous and exogenous models did not actually occur scholars could eas-
ily find ample middle ground between the two models. Among the texts at
our disposal, this happens most clearly in the introductory chapters of the
Inbat, where al-Karagi espouses a substantially exogenous model, while al-
lowing a complementary place to the hallmark of the endogenous model that
is the subterranean generation of water. In doing so, al-Karagi shows both
a partial departure from the Aristotelian doctrine, in which subterranean
generation of water plays a very important role in the workings of the nat-
ural world, and a hybridisation of the ideas on the water cycle put forth by
Tabit and later by al-Birtuni.

Tabit and al-Biruni are at the extreme of this spectrum, as they do not
consider the contribution of subterranean water generation even in limit-
ed cases. The divergence between al-Karagi and al-Biriini becomes clear
if we compare al-Karagi’s discussion of sources on island mountain-tops,
which we just analysed, and al-Birtni’s discussion of the lake of Sabzarud,
today known as Chasmeh Su. Al-Birtini mentions this small lake, located on
a mountain top not far from Tus, in his digression on water from the Kitab
al-Athar al-Bagiya. After discussing that water may only flow downwards,
al-of this lake, or indeed any lake, on a mountaintop, by agreeing with the
“distant reservoir” hypothesis that we find in al-Karagi. Al-Biriini envisions
three possible explanations for the presence of this lake, all relying on the
same principle of the communicating vessels: water may come from a dis-
tant “reservoir higher than the lake itself”, or from a reservoir “which lies
on the same level with the lake”, or from a natural mechanism similar to
self-feeding lamps.**

50 Al-Karadi, Inbat, 141.
51 Ghersetti, La letteratura d’adab; Salvatore, “The Islamicate Adab Tradition”.

52 Borroni, Boselli, “Hydraulics and Hydrology”, 174-5.
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Al-Biruni further mentions two lakes on mountaintops, which suggests
that he extended his description of the possible origin of the water of the
Sabzarud to be generally applicable to all similar cases. Now, while he’s
opinion on the matter is clearly in agreement with the main discourse by the
coeval al-Karagi, he does not mention the possibility of subterranean water
generation. This further confirms that he did not take it into consideration,
showing how different opinions on the water cycle existed on a continuum.

For instance, the Buwayhid vizier Ibn al-‘Amid, whom we cited earlier in
reference to his risala on the presence of sweet water sources on islands,
held beliefs closer to the Aristotelian doctrine than al-Karadi, as he iden-
tifies the most important source for water on islands in the process of sub-
terranean generation of water from air. Nevertheless, he provides two oth-
er possible explanations. In some cases, water may simply be caused by
precipitations stored in the mountains, or, he argues, sweet water could be
seawater filtered by the particular soil of some islands which does not al-
low the salty part percolate. In Ibn al-‘Amid’s thought, these two possibili-
ties appear as only complementary to the more important generation of wa-
ter that takes place in the depths of the earth.
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As we have seen, the treatise on Why Seawater Was Made Salty allows us
to understand several important aspects of Tabit’s thought about nature. It
is particularly useful to read this text in conjunction with the summaries of
the treatise On the Benefits of the Mountains that appear in later sources.

One dominant aspect of both works, as already noted by Marwan Rashed,
is Tabit’s teleological and finalistic approach to natural sciences.* This tel-
eological perspective constitutes a significant difference from the general-
ly causal discourse of many thinkers in the Arabo-Islamic Aristotelian tra-
dition. The finalistic character of both works leads Tabit to explicitly state
the end or purpose of creation.

Throughout the treatise On Why Seawater Was Made Salty, the ultimate
end or purpose is life in all its forms and beauty, encompassing plants, an-
imals, and humans on equal footing. Rather than thinking of animals and
plants primarily in terms of human needs, Tabit understands them as the
collective ultimate beneficiaries of God’s design. This same argument is laid
out as the basis for the treatise On the Benefits of the Mountains, accord-
ing to extant summaries.

Thus, Tabit sees the divine plan as perfectly rational and knowable, if its
end is duly considered. This assumption forms the basis for the scientific en-
terprise. This knowledge program is characterised by a mixture of empir-
ical observations and reasoning, both of which seem to be necessary: rea-
soning because the divine plan is rational, and observations because some
of its components - such as water - do not strictly follow theoretical princi-
ples. The end of this effort is clearly stated: human souls long for knowledge

1 Rashed, “Le meilleur des mondes”.

Marco Polo 2
DOl 10.30687/978-88-6969-790-6/004 61



Borroni
4« Conclusions

of the divine wisdom enshrined in creation. Tabit considers the intellectu-
al struggle in pursuit of this knowledge to be rewarding and never-end-
ing. However, he also seems to imply that no single part of the divine wis-
dom showcased by nature is per se forbidden or unattainable in principle.

In both treatises, Tabit’s attention focuses on water as a prominent part
of creation. Unfortunately, we do not have access to the full content of the
treatise On the Benefits of the Mountains, as Miskawayh states that his sum-
mary is only partial. However, based on what we can surmise, it mainly re-
volved around the origin of fresh water on dry land and the role played by
mountains in these processes. Regardless, it is clear that Tabit sees wa-
ter as a special component of the divine plan. Its behaviour, even in eve-
ryday observations, escapes the otherwise perfect but sterile order of the
elements. Thanks to this exceptionality, water acts as the connecting ele-
ment between dry land, the sea, and the atmosphere, playing a fundamen-
tal role in sustaining life.

Seawater salinity helps to maintain balance in this perpetual movement,
which is another defining feature of creation. The cycle of water is clearly un-
derstood here as exogenous, meaning that it excludes the generation of water
in the depths of the earth. While this position is not unique to Tabit, he ap-
pears to have been one of its strongest proponents. Important authors such
as al-Birtuni and Miskawayh referred to him on the matter. The relative suc-
cess of these two treatises in the following centuries, in the face of the more
widespread adoption of the Aristotelian endogenous model of the water cy-
cle, may have contributed to the downplaying of subterranean water gener-
ation by other authors in the Arabo-Islamic tradition. As we have seen, the
exogenous model also appears in the Rasa’il of the Thwan al-Safa’ - a collec-
tive who interestingly also shares with Tabit a similar biocentric view of the
natural world - and al-Karagi tempers his account of the scientific consen-
sus of his time on the endogenous cycle with some reluctant scepticism about
the contribution of subterranean water generation. Al-Karagi acknowledges
that philosophers and scientists assert that air transforms into water through
condensation within the earth’s depths. Since the hydrological discussion
in the K. inbat serves as a supplementary component to the book’s primary
objective, he does not extensively or emphatically explore the subjects. His
exposition allows for the coexistence of endogenous and exogenous models.
Rather than adopting definitive positions, the engineer presents a circulatory
system of global waters that operates effectively, whether or not it includes
subterranean water generation. Overall, the system primarily functions due
to the well-established closed cycle of evaporation, precipitation, and perco-
lation. Simultaneously, the theoretical possibility of continuous condensation
of water from air is left open, although it is not deemed necessary.

Fascinatingly, the most vehement opposition to the endogenous mod-
el arises from within the Aristotelian faction itself, with Abu al-Barakat
al-Bagdadi standing as the most overt critic. It is important to emphasise
that his rebuttal is grounded in empirical evidence. As Griffel noted, Abt
al-Barakat embraced the Gazalian critique of the falsafa movement, and
similar to al-Birtuni, he dismissed Avicennian taqlid (imitation) in favour of
individual inquiry and validation. Although Abu al-Barakat often accentu-
ates a philosopher’s independent reasoning, in this particular case, he dem-
onstrates a predilection for empirical evidence over authority, even when
such authority is embodied by distinguished figures like Aristotle and Ihn
Sina. This preference enables him to surpass mere rational conjectures.
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A general acceptance of what has been called ‘ambiguity’ likely led to
the blurring of boundaries between the endogenous and exogenous models,
as seen most clearly in al-Karagi. The endorsement of the exogenous model
within the hydrological cycle seems to be a minority position, yet it is suffi-
ciently prevalent among various authors, with a focal point in the Mesopo-
tamian regions of the caliphate. This observation, however, could potential-
ly be a consequence of a well-known selection bias in the surviving Abbasid
sources, due to Baghdad’s central role in cultural production at large. Un-
doubtedly, the exogenous model is more prominent in Arabic sources than
in Western European thought during the same period or even later. Future
research may examine the development of this seemingly harmonious co-
existence between the exogenous and endogenous models within the dar
al-islam. This approach might be particularly revealing for authors influenced
by Abu al-Barakat al-Bagdadi, who, in a sense, disrupted this tranquillity,
but the later developments of Islamic understanding of the water cycle af-
ter the eleventh and twelfth centuries have yet to be explored. It is my hope
that this book may serve as a useful starting point, highlighting how pre-
modern reflections on the role of water in the ecosystem can provide valu-
able insights into how past societies and intellectuals viewed the environ-
ment and our place in it.
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In today’s contemporary world, a walk through the epistemology of the hy-
drological cycle can help us frame many current problems within a broad-
er framework, reminding us to remain humble. Among all the scientific
concepts taught in schools of all types and levels across the globe, the wa-
ter cycle is one of the concepts that stays in our minds long after the end
of compulsory education. The ease of remembering this theory can be at-
tributed to its relative simplicity: water evaporates from lakes, seas, and
oceans; the vapour forms clouds; from the clouds come rain and snow that
feed glaciers and surface and underground waterways, which in turn re-
turn to the oceans, and so on.

However, the mechanism is only seemingly simple. In my training as a
hydrologist and hydraulic scientist, I learned the hard way how much stud-
ying and communicating the complexity hidden behind hydrological science
requires patience and dedication. Modern hydrology, in the western world,
can be considered to have emerged at the end of the seventeenth century,
thanks to two members of the Académie Royale des Sciences: Pierre Per-
rault (1611-80) and Edme Mariotte (1620-84).

The treatises of these two authors, De I'origine des fontaines (Perrault
1674) and Traite du mouvement des eaux et des autres corps fluides (Mari-
otte 1686), can be considered the first attempts to verify, through quantita-
tive analyses, the actual ability of precipitation to supply rivers and sources.
Before Mariotte’s work, it was difficult to recognise the Sun as the exclusive
engine of the hydrological cycle; before making accurate measurements on
the amount of precipitation and the drained areas, the belief was that sim-
ple precipitation could not fully feed the flow of rivers. Thus, it was consid-
ered necessary to ‘integrate’ the water flows derived from precipitation with
complementary theories borrowed from Aristotle’s Metaphysics or subse-
quent theories such as those of Pliny.
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Aristotle’s complementary theory to the hydrological cycle generated by
the Sun is based on the theory of humours, and he believes that water is
generated in underground cavities by condensation. Pliny’s theory alludes
to a correspondence between the microcosm (man) and macrocosm (plan-
et), where water plays an analogous role to blood by vivifying the earthly
body. These latter theories were particularly successful during the Renais-
sance period and were also adopted by Leonardo da Vinci.

In the meantime, however, if we analyse Islamic and pre-Islamic sourc-
es in parallel, we note that, despite having a good knowledge of European
and Greco-Roman hydrological notions, they espouse a decidedly more mod-
ern conception of the hydrological cycle. The Avestan tradition that sees
the sea as a purifying filter and the water cycle triggered by the Sun repre-
sents an absolutely contemporary conception of the hydrological cycle, al-
beit framed within an idea of cosmic order.

A few years ago, together with Massimiliano, I had the opportunity to
work on the technical translation of a passage from Athar al-Bagiya by
al-Biruni. In it, I observed an absolutely contemporary conception of the
water cycle, complete with an explanation of the different flow regimes of
rivers. I had already read L'estrazione delle acque nascoste. Trattato tecni-
co-scientifico di Karaji by Giuseppina Ferriello, a critical translation of Inbat
al-miyah al-hdfiya enriched by epistemological and historical analyses, as
well as extensive notes and references. I was fascinated by the modernity
of scientific ideas and the reasonableness and intelligence of some techni-
cal devices in the management of water resources. Speaking with several
fellow hydrologists, I began to question why a modern vision of hydrology
had developed significantly earlier in the Islamic world than in the Greco-
Roman European world. The simple answer is that there is, on average, less
water in those regions. However, this is clearly a hasty answer from a tech-
nician and does not truly address the question, as the two worlds commu-
nicated strongly with each other. Considerations on the aridity of the cli-
mates might be true, but they are only marginally relevant if not supported
by some evidence. Even Ancient Greece faced serious challenges regard-
ing aridity and water scarcity.

Today, when it comes to the hydrology of arid areas, the term ‘wadi hy-
drology’ is often used, as if to emphasise hydrological studies in arid areas
as secondary to a hydrological science that was born in the heart of Europe
at the dawn of the Age of Enlightenment. Hydrology, born and developed as
an applied science in France, the United Kingdom, and the rest of Europe
in particularly water-rich areas, introduces a series of interpretative and
operational tools that, when applied in different contexts (e.g. those specif-
ic to wadi hydrology), may lead to incorrect conclusions.

Just to name a few interesting authors, I suggest looking for Nick Cul-
lather, who has collected excellent work on the modernisation of the Hel-
mand basin, demonstrating the results of an epistemological and techno-
positivist bias in the hydrological field. Sara B. Pritchard has carried out
similar work on the interventions of French hydrologists in the arid colo-
nies of France in North Africa, which were unsuccessful from the perspec-
tive of water resource management.

It is therefore clear how a deep study of the epistemological development
of a discipline, especially when it is an applied discipline, is particularly in-
teresting for understanding a series of errors and bad habits that can eas-
ily manifest themselves in present times through the discipline itself. The
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challenges posed by the future are related to the management of ecosys-
tems and natural resources. Since most observers agree that future wars
will be waged over water, it becomes interesting to dissect hydrology and
natural sciences dealing with water at both historical and cultural levels.

When I came across the treaty of Ibn Qurra on seawater salinity quoted
by al-Biruni, with Massimiliano, I realised how much the relationship be-
tween sea salinity and the water cycle is a particularly current topic. Espe-
cially in the Middle East and North Africa, desalination is considered a so-
lution to water scarcity; however, for every litre of fresh water, at least one
litre of brine is obtained - a highly corrosive and sterilising waste that must
be disposed of in some way. When disposing of the brine waste on land, one
must ensure that it does not percolate and salinate the aquifer; discharg-
ing it into the sea risks sterilising entire stretches of sea due to excess sa-
linity. Many countries, especially those in the Gulf region, currently face
these technical problems.

The relationship between humans and sea salinity resurfaces strongly
here, making the translation of an unpublished treatise like the one stud-
ied here particularly interesting, even for those with a more technoscientif-
ic background like myself.
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Appendix A
English Text

In the name of God, the merciful, the compassionate, The Discourse on the
Reason Why Seawater Was Made Salty, by Tabit b. Qurra. He said: it hap-
pened between us, may God honour us, to mention seawater, the reason why
it was made salty, and what traces of knowledge there are in it, and two are
the evidences that can be counted in it. Now, were it not for the fact that in-
vestigation, observation, and contemplation of knowledge and understand-
ing of its causes is an important matter for the self, and a virtue among its
virtues, and striving for knowledge of what has been hidden from us, there
would be many things that we see, in which we would not see these signs
of the subtle wisdom of God in clear matters that are not hidden from those
who understand.

Regarding what the scholars have already deduced from this subject and
sufficiently investigated, I mean on similar questions, despite everything
that people have mentioned about it and despite its abundance and extent,
we consider it to be of little value in terms of the wisdom of God in His cre-
ation, which cannot be enumerated or exhausted. The souls continue to con-
stantly discover something about His affairs that they examine and gain
knowledge of, and they continue to be amazed by what stands before them.

This is what prompted us to engage in the current discussion about why
seawater is salty. However, what drives this inquiry is the desire to under-
stand the wisdom of God, as evidenced by the abundance of its traces that
one can find, no matter where one directs their gaze or strains the intellect.
What man obtains from [the study of] the affairs of God is patience, and from
his wisdom [he obtains] marvel, and this is a recognition of His glory and
a praise to Him. The scope of this chapter is to introduce the knowledge of
the reason why the seas were created. We will begin with this.

We say that it pertains to the wonderful wisdom of God to have creat-
ed the four elements: Fire, Air, Water, and Earth. He made their strengths
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balanced, equal, and resistant to each other by a well-devised measure, so
that none of them could be predominant and overcome one of the others,
changing its nature over the course of time until it is altered and nullified. If
this were to happen, it would cancel the existence of people, animals, plants,
and other things on Earth. Because God made all existence from the four
elements and in them lies its permanence and endurance.

Moreover, God placed these elements where they are suitable for them.
He made it so that the lighter elements are always on top of the heavier,
and the more subtle are on top of the thicker, surrounding the latter like a
sphere. He made the nature of fire, which is the lightest among them, the
highest, and the nature of earth, which is the heaviest, the lowest under-
neath. He made the nature of air lower than the nature of fire. It would be
necessary, based on this logic, that water is on top of the earth and between
the latter and the air which surrounds it, before any examination.

It is one of the wonders of God’s wisdom and the proofs of his power that,
since it was more useful and good, in the case of this element alone among
the others, he took care that the element of water would diverge from the
natural course that applied to the others. Thus, water does not stay on top
of the earth as the air surrounds the water and earth, and as the nature
of fire surrounds the air, it is sent away from much of earth’s surface and
collected together. He made it into places of collection, courses, and deep
places on its surface, which we call seas and rivers. He made earth’s sur-
face higher than all of those.

He also placed some of it inside the earth. We said that the most useful
and good was for this element, I mean the element of water, to become im-
pure and seep away on the surface of the earth. Since the earth was estab-
lished as the dwelling of the animals and the support of the plants that are
its ornament and its beauty and are securely established on it, it was neces-
sary that water become unclean with whatever it becomes unclean of. These
things and their identity are not known.

What God imposed on water was preferable than what would have oc-
curred to its state according to the aforementioned ordering, meaning that
all water would go to the seas that he made the deepest place on earth. If
water was to be removed from the earth, dryness and thirst would spread,
and the animals and plants that are on it would be greatly ruined if all wa-
ter was collected in the seas.

God made sufficient water descend on the dry land in the streams of its
valleys, in various places, and in rivers to wet the earth, preserve the plants,
and quench the thirst of the animals so that they may live. Also, he placed
some water in its interior, which evidently fulfils the benefits that we men-
tioned: the wetting of the earth even in those places from whose surface wa-
ter is removed. He does not make it burst or cast light on it as he would do
if he was doing it openly on its surface and he does not cancel in this what
the intention that he decreed and we mentioned earlier, that is the resist-
ance of the elements to each other. This action is also strengthened by the
rains that he makes fall on the earth’s surface, wetting and humidifying it.

Since it was the most beneficial and preferable, in the case of water, that
it went to the seas and some of it returned repeatedly to the land in suffi-
cient quantity to quench the thirst of the animals, plants, and population
of the earth, and to humidify the latter, this other water returning to the
earth had to be drinkable, sweet, pleasant, and suitable to the natures of
the animals and plants.
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This does not apply in the case of the sea, since the residence of the peo-
ple, animals, and plants is on dry land. He made this water sweet and it was
not necessary for seawater to be sweet. Had it been like that, all the water on
the surface of the earth would spread corruption and damage to the air, were
it not for what our Lord, the almighty, did with His subtle wisdom by prevent-
ing it. This will be understood thoroughly and completely in what follows.

About the fact that the water that is on the surface of the earth would
spread corruption and damages to the air and to what is on the earth, and
destruction to the animals and plants, this can be learned clearly from ex-
perience. If we find sweet water and it stays still for a long period of time,
it putrefies, rots, and changes its odours to the point that it corrupts the
air that surrounds it unless we cover it. This causes many grave illness-
es, pestilence and plague. We already saw pestilence occur in certain re-
gions caused by stagnating waters that corrupted the air to the point that
it caused rapidly spreading death.

About this, among the astonishing things that we saw in certain regions,
is that the smelly water. Some of it flowed to a streamlet nearby and in every
village that the streamlet crossed along its course there was a great pesti-
lence, while a place that was distant enough from its shores remained unaf-
fected, if it remained at a distance. The gravity or triviality of the pesti-
lence was proportionate to how close or distant the village was to the river.
There are many similar cases, famous and well-known among the people,
proving what we just told.

The stagnating waters that stay still for a long time are in small quanti-
ties and remain still for a brief period. We can imagine that if the waters of
the seas and the rivers were to experience the utmost and greatest corrup-
tion over a long period, it would not remain anything on the earth were it
not that God, in His subtle wisdom, regulated this ruling, preventing that
corruption from occurring.

About the water of the rivers that traverse the earth, it was necessary that
it be sweet, suitable to drink, and to sustain the flourishing of life. He prevent-
ed it from rotting by making it flow constantly, and He made their waters re-
generate in their sources from whence they come. He made it fresh because
He nullified its stay and did not affect it with the corruption that affects con-
cealed water that does not flow. Moreover, He made it so that, if it flows long
enough on the earth, it pours into the seas. About the seas, as it does not flow,
but instead water descends into it, the ruling explained before does not apply.
This way, all the reasons that lead to corruption are already reunited in it.

The first reason is that a lot of the water in it is from the water that is re-
quired, as we said before, to resist the other elements. If this corrupts, its
corruption would be given to whatever air or other element is near or far
from it. The second reason is that since it is necessary, as we said, that there
is plenty of water according to its proper measure, it is also necessary that
this quantity is collected in one place so that it does not cover or inundate
all the earth. It would not be possible for these places to have a great depth,
[[so water extends over it and is illuminated by light over its extension.

If there is much depth in a place, its purpose is to be hidden where there
is a lot of water, this also results in one of the reasons that lead to a quick
corruption of what is in similar places.]]*

1 The translation between double brackets is very tentative.
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The third reason is that the water of the seas does not flow, and the length
of its permanence in its places surpasses every imaginable measure of water
stagnating or otherwise. These smaller cases do not make apparent the size
of the damage and danger that would be in them were it not that God made
this right by making this large mass salty which, as we will explain, is the
taste that keeps corruption and the deterioration of the air and its change
at bay and its removal, in favour of freshness when this is necessary, caus-
es no harm. In fact, it is necessary that water is sweet only on dry land, as
we explained earlier. This taste that was given to the sea, as we have men-
tioned, protects it from corruption and deterioration, also maintains the
proper measure of the sea, which should not increase nor decrease, as we
will explain in what follows. Nothing is more astonishing than the fact that
He made this taste of seawater something that preserves both its state and
measure as it is desirable, and with further ensuing benefits.

That the salty taste prevents corruption and putrefaction is something
that all people know. For this reason, they obtain, if they fear that something
may be corrupted, putrefied or change its odour, as in the case of meats
and others, salinity by adding salt. Nothing more effective has been found.

This can be seen in the case of stagnating waters that may, perhaps, have
developed pestilence or corruption. A lot of salt is thrown in it, so that its
water becomes salty like seawater. [This practice] is done to cure the wa-
ter and stop the corruption that it was spreading. This thing that people do
as an expedient to protect things from corruption, was already decreed by
God. It is most perfect what God did, in the case of the seas, as he placed in
them the character of salinity, that stops fearsome corruption from spread-
ing to the air and to what surrounds it, to the point that there is no remain-
ing fraction of bodily health and wellbeing among what resides on seashores
and elsewhere.

Moreover, if man considers all the tastes, he won't find one that is bet-
ter for this purpose, for the properties that salty taste has together against
corruption, and because it does not cause damage under another aspect: the
part of odour that has in it separates from the odours of what it is mixed.
There is no taste more suitable than that salty taste that is in the sea by
that measure of salinity that is proper to it.

More precisely, of the philosophers who occupied themselves with the
fundamentals of tastes in terms of enumerating them, some say there are
eight tastes, some say there are seven tastes, and some others even less. If
man detracts from them the taste of sweet water, since it does not prevent
corruption but instead rots, as we said, when its stay still for a long time,
stagnating and not flowing, he would find that the water of the sea must not
gain that taste, that corruption was prevented in it, and change was distant
from it. Furthermore, that water should not carry the odour of the taste with
it, and should not change the taste of the air. Now, the fact is that the sour
and spicy tastes give to the air odours emanating from them, damaging the
animals and changing the air strongly. As for sweet and fatty, change and
corruption gradually affect them.

Moreover, the sweet over the course of time becomes bitter or sour, as
natural scientists explain. As for the fatty taste, over the course of time it
gives off odours and begins to smell. These two tastes are not suitable to be
the taste of seawater. So, three tastes remain: astringent and salty. The as-
tringent can produce a lot of odour while dry, and, mixed with water, does
not prevent corruption. It may have many harmful, unseemly and disgusting
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odours, like the spirits that are said to be smelled at the sources of vitriol
and yellow vitriol and other astringent things because there are strong hu-
midity and harmful odours in those places.

It remains to be discussed if it would be more beneficial for seawater to be
salty, bitter, or a taste assembled from them all. However, while bitterness
protects from corruption, it has a downside: many animals avoid it. On the
other hand, saltiness is pleasing and closer to the nature of most animals,
which consume a lot of it. If seawater had been made bitter, none of the won-
derful animals that live there would have been generated, and the creation
would have been void and empty of the divine wisdom that is revealed in the
creation of those animals and the benefits are derived who employ them.

About what God made in the small sea that is in the country of Palestine,
that which they call Dead Sea: it proves what we have said. The salty taste
is mixed with bitterness, and God made the lake’s salinity so strong that no
animal or plant can survive in it, according to Galen. He said: “Animals shy
away from it, and all fish in the rivers that flow into it flee when it comes
close to them. If someone tries to introduce fish into the lake, they will not
multiply and instead will die quickly”. This is what would happen to seawa-
ter if there was a trace of bitterness in it, or if its salinity exceeds its prop-
er bounds. This proves that the most beneficial taste is the salty taste giv-
en to it in the proper measure, not more.

We will now discuss the possibility that seawater was salty in a lesser
measure. It is clear that if the salinity were to diminish, its odours would
deteriorate. Instead, its saltiness has already been set at the least meas-
ure possible, and the proof is that this measure of salinity does not fully
achieve the goal of completely eliminating the odours of the sea and instead
something of it remains, but in a measure that is not harmful. This proves
that the measure of salinity in seawater is the desired one. If it increases,
it harms marine animals, injuring and killing them. If it decreases, it dam-
ages the animals on dry land that are reached by its odours. It is clear to
us that the most beneficial taste in seawater is that salty taste, and in the
measure that is given to it, not less and not more.

Furthermore, if [seawater’s] salinity were to be reduced, seawater would
resemble the water in swamps, generating many worms, leeches, and oth-
er organisms found in stagnant water. It would become polluted, and bugs
and mosquitoes would proliferate around it. This would be extremely harm-
ful. This proves what we have said, that it is not best for seawater to be on-
ly salty, but that it is best for it to be salty by the measure that is given to
it, and that the salinity should not be less or more than this. What we have
mentioned proves that the best and most suitable for seawater is not only
to be salty, but also to have the proper degree of salinity, neither less nor
more. Ifit deviates from this, it causes harm to animals on land or in the sea.

We have already stated that one of the benefits of this taste is that it main-
tains seawater at a stable level, preventing it from increasing over time and
overflowing and submerging its surroundings. This would be in contrast
with the purpose for which it was created. Seawater does not decrease or
increase, it maintains its quantity as it was made.

The evidence that the salinity of seawater is one of the factors that pre-
serves its measure, as it was given to it, is that all the rivers flow into it con-
stantly adding to its measure, while the heat and evaporation constantly di-
minishes its measure. Because its water is salty, it becomes denser, which
works against its further evaporation and dissolution due to its increased
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density. In fact, dense [liquids] evaporate and dissolve more difficultly than
thin [liquids.]

As long as the sea receives the benefit of the fresh water that mixes into
it from the rivers, it increases its quantity but this swiftly evaporates away
due to its thinness and does not remain there for long. Eventually, the in-
creased quantity of water is nullified, and the dense salty water returns to
its original state, dissolving and evaporating with difficulty. Seawater re-
mains in this condition, without having undergone significant changes, [al-
though] it decreases until it is joined by another addition of fresh water.

If someone wants to verify this statement, they can take a certain meas-
ure of seawater or salty water that resembles it, mix an equal amount of
fresh water or less and leave it in the Sun or elsewhere for a few days, and
check on it every day. They will find that the weight of the fresh water that
was added dissipates quickly. Afterwards, it stabilises and does not de-
crease further, except for a small diminution over a long period of time.

The evidence that seawater is dense is based on the weight of the objects
that float on it and that do not float on fresh water, such as eggs or similar
objects. Heavy ships float on seawater and do not sink, and are buoyed by
it. Objects that cannot be buoyed by seawater, sink in fresh water. As we ex-
plained, ships and boats are safer in seawater than in fresh water.

There is another remarkable aspect of God’s wisdom in making the taste
of seawater salty among all tastes. This aspect is known to those who have
received our account of the elements, because it relates to some of what we
discussed at the beginning of our discourse. I do not see any harm in briefly
mentioning it again to keep our discourse systematic and maintain its order.

We have already explained that it is necessary that the strength of the
four elements is balanced in resisting each other. Given that, the element of
water has a measure that is sufficient for resisting the remaining elements,
it would not be acceptable for it to be more or less than that and exist to-
gether with the remaining elements.

It was also necessary to that [water] traverses much of the surface of the
earth, gracing it and come to be renewed in its reservoirs so that animals
and plants have a place [to live]. As things stand, since plants and animals
on dryland need water to live, rivers come from the water of the dryland,
and it was necessary that their water was sweet. This was not necessary
in the case of the sea, because the animals and plants which require sweet
water are strictly located on dryland. As we explained, the seas, the rivers,
and all which is wet would spread corruption, decay, and deterioration to
the air and to all that is on the earth, was it not for what was done on them
to make them suitable.

The water or rivers was made suitable by making it flow. In the case of
the waters of the seas, it was not desirable that it flowed, and so it was more
prone to corruption and deterioration because, as we said, several reasons
for it were put together. This fact rendered necessary to preserve [seawa-
ter] from corruption. Now, only an overpowering taste would be able to
preserve seawater, overwhelming any other by being stronger, not lacking
in strength, and overwhelming and controlling the corrupting thing. This
[taste] is what we have been talking about so far, in the terms required.

If the mass of water was slimy, it would have been necessary to divert
it from the land, and dryness would have spread on it, while the sea would
have increased its water, exceeding its proper measure, as if earth and wa-
ter were specific to two distinct places. Water would have covered the earth
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for days until all the water disappeared, with the rivers thinning them out,
and the seas would have grown without a clear limit. God prevented these
two things from happening through His knowledge by making the water of
the sea evaporate and rise into the air through the heat of the air and Sun.
This creates clouds, which return to the land bringing rain and snow. All
this flows like in a cycle.

Here are the two things that are necessary in this chapter. They are [that
if] wetness is removed from the land, as it thins out, and dryness triumphs
over it, the rivers are emptied, and their water that benefits the land is no
more. [The other is that] the water of the sea does not increase more than
it is desirable, and it is necessary that the taste of seawater is a strong, pre-
vailing one to prevent its corruption. It is also necessary, as we said, that a
vapour rises from it, generating moisture on the land, moistening and hu-
midifying it, thus preventing dryness and lack of water, and that this as-
cending vapour has already separated from that taste and got rid of it, be-
coming sweet and pleasant, so that it does not have a strong taste or smelly
odours, as this is necessary for the water that comes from the clouds, the
rain and the snow.

These two characteristics would not be present in seawater devoid any
taste, except for the salinity that was made in it. This is because all the wet
substances that have a foul taste, if they evaporate, will inevitably carry
some of their taste and odours with them. This would result in a damaging
taste and odour in the water and it would not be suitable for drinking. The
only exception to this are wet substances that have a salty taste. The rea-
son for this is that the salty component is removable from them, it is earthy,
dense, and it seeks to move downwards, so that it does not evaporate with
them or from them.

If one wants to test this, he can observe wet substances that evaporate
due to fire. If he examines this, he will find that in what has evaporated
there are tastes different from the taste of sweet water, except in the case
of water that has this salinity. If the latter is evaporated, it becomes sweet
water, like drinking water. This does not happen with any other taste, be-
cause sour substances, such as vinegar, and astringent substances, such
as rose water, and fermented substances, such as wine and drinks, main-
tain their taste and are damaging if their tastes and odours are evaporated
or exceed in intensity and strength, as those tastes, which are not salty, re-
main in them after the evaporation. They may also gain another taste and
other odours, while the wet substances like seawater, if they are made to
evaporate, they gain a taste of sweet water. This is something that can be
proven by experiment and confirmed by measurement.

Moreover, it is not only through evaporation that the salty taste leaves
seawater. Instead, it can also leave it through sand [filtering]. Thus, if the
coasts are sandy, the water that is collected in it comes out as sweet water.
Nothing is more wonderful than the fact that the taste that God chose for
seawater has in itself the force to overwhelmingly prevent corruption and
deterioration, for as long as it is needed, and where salty taste is not need-
ed and there is a need to purify sweet water from it, it is separated as the
water evaporates without odours or taste.

From this water come rain and snow on dryland, pure and without taste.
Animals and plants have everything they need in terms of drinking water
and moist soil, and perhaps it could be said that God could have made the
taste of seawater another strong taste, other than salty, of those that become
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attached to the wet substances and remain in them during the evaporation,
[but] altering them or changing them so that no taste or odour remains in
that water. There two fundamental answers to this.

One answer is that God does not do anything without sense, and creating
a taste that does not have the two properties that were mentioned would be
a deed without sense, since there is a taste that has those two properties
is the salty taste, without going against natural order. The other answer is
that if God had made it for water like we described, it would have been evi-
dence of His power only, and not of His wisdom because he would have show-
cased His power, had he brought that to completion without wisdom in the
arrangement. The fact that things are such that [seawater] is salty is one of
the signs of both His wisdom and power.

Here ends the totality of what was presented to me and I understood of
the subtle wisdom of God in making seawater salty for this purpose and for
this compelling reasons that make it necessary. If there are further bene-
fits, they are not the first and main principles. Rather, they descend from
what we said. [Here] the book by Tabit on seawater ends.
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Arabic Text

The following text is based on a single manuscript housed in the Topkapi
Saray library collection. This manuscript consists of 13 folios and is part of a
broader compilation primarily focused on astronomical subjects. The script,
executed in the nahsi style, is characterised by its readability and the skill-
ful penmanship of the scribe, with only a few minor misspellings and punc-
tuation errors that do not hinder the overall text’s clarity.
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