Chapter 7
Globalization of Ancient Knowledge: From Babylonian

Observations to Scientific Regularities
Gerd Grafhoff

7.1 Science and Myth

Since the problem of demarcation between science and pseudoscience entered the
history of science, the issue has troubled accounts of Babylonian intellectual ac-
tivities. Astrology, magic, alchemy, divination, healing procedures and even me-
teorology seemed to flourish in the pseudoscientist camp, while only the newly
emerging mathematical disciplines such as astronomy had the distinction of being
a science.

This differentiation seems to separate two completely different intellectual
activities. While the objectives of science include the acquisition of truth and the
avoidance of errors by following methodical procedures, with reasonable decisions
being made about the appraisal of hypotheses and the acquisition of empirical
data, these goals are absent in the pseudosciences, which serve other, ideological
orientations than those of truth. Consequently, their methodology does not neces-
sitate the acquisition of knowledge and empirical observation. They do not serve
the rational control of hypothetical supposition (Koch-Westenholz 1995; Rochberg
1999, 2004). Even as late as 1989, Otto Neugebauer was still inclined to hypoth-
esize that there existed two cultures in Babylon (Neugebauer 1989, 393). Ulla
Koch-Westenholz supports the received view on the nature of Babylonian omens.
This study argues against almost all the major claims of the received view, and
may, therefore, serve as a contrasting approach; in this paper, statements labelled
as numbered “theses” aim to highlight the differences between the statements and
the following general assessment by Koch-Westenholz:

The legendary character of the “historical” omens, and the impossibil-
ity of some of the ominous events (such as the moon being eclipsed on
the 20th day), strongly suggest that whatever was the basis of Babylo-
nian divination, it was not empirical fact. Empirical observation may
have played its part, but it was not fundamental. The solution must
be sought elsewhere. Our own natural sciences are based on a premise
so simple that it is usually taken for granted: things behave according
to universally valid laws. It is our task to discover those laws, and the
means to do so is observation, supported by the controlled experiment.
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In a similar fashion, Babylonian divination is based on a very simple
proposition: things in the universe relate to one another. Any event,
however small, has one or more correlates somewhere else in the world.
This was revealed to us in days of yore by the gods, and our task is to
refine and expand that body of knowledge. The means to do so is mys-
tical speculation supplemented by observation. There is no evidence
that the Mesopotamian scholars ever attempted to verify the results
of their speculations by experiment. Nevertheless, the Neo-Assyrian
astrologers undoubtedly believed in their craft and found it confirmed
by events. For example, in Las 298, Akkullanu tells the king that “the
series says in connection with this nisan eclipse: ‘If Jupiter is present
in the eclipse, all is well with the king, a noble dignitary will die in his
place. Did the king pay attention to this? A full month has not yet
passed (before) his chief judge lay dead!” (Koch-Westenholz 1995, 18—
19)

Since we know, from the surviving correspondence, the titles, work designations
and even the salaries of the scholars who worked for the kings of the period,
one can incontrovertibly state that no professional distinction existed between the
realm of divination and the practice of scientific activities. If there had been a
methodological distinction between practitioners of astrology and divination and
those of mathematical astronomy, then it would be implausible to ascribe such a
schism to the people.

Thesis 1 No two cultures of scholars in ancient Mesopotamian societies existed,
divided by the application of methodological scientific inquiry on the one hand and
mythical reasoning on the other.

The confirmation—or refutation—of this thesis needs to take into account the
inferential treatment of an object of knowledge: if it is taken as the unequivocal
assumption about conclusions and if it carries the burden of proof, this is taken
to be a good indication that the people consider the assumption to be knowledge.
Errors in their beliefs may be possible. The question of what is knowledge or what
is known in antiquity cannot be adequately answered by reflective philosophical
statements. Neither can it be decided upon by a linguistic analysis of words such
as episteme or techne, nor even by the philosophical analysis of Plato’s view of
knowledge as justified true belief. More important is the practice of how knowledge
is established and used in a critical epistemic context.

Thesis 2 In ancient societies knowledge is characterized by the way it is estab-
lished and is used for inferential derivations, and its potential to criticize other
propositions.

This movement away from content to the function of knowledge should lead to
the classes of ancient texts being revised as either scientific or mythical according
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to modern disciplinary boundaries. Even the acclaimed distinction between mythos
and logos needs to be reassessed accordingly.

A good example of how disciplinary distinctions can mislead the systematic
interpretation of texts are the so-called astronomical diaries.! The title alone might
send someone off in the wrong direction. For instance, the diaries record not only
astronomical events, but also a large class of other equally important occurrences.
Furthermore, it is all but clear whether they were recorded and compiled in the
way that we write diary entries today. The diaries record weather phenomena
processed by the same people for the same purpose as astronomical events, even
though, in modern terms, these data belong to different realms of knowledge with
possibly different methodological treatments. Closer inspection might establish
that this group of texts is crucial to our understanding of the workings of early
science.

7.2 Empirical Basis

It has only recently been established that, as a systematic compilation of obser-
vational data, the group of Akkadian texts called the astronomical diaries, dating
mostly from the Seleucid era, is the foundation of Babylonian astronomy (Grafihoff
1997).

One oft-cited tablet of the diaries stands out on account of certain remarkable
entries. In all other respects—reported content and formal linguistic structure—it
is representative of the group of texts. The following translation and emendation
is given by Bert van der Spek. Although the beginning of the tablet, which would
include the complete date, is missing, the date can be reconstructed as year 5 of
Darius III, month 6. It then continues in the following typical schematic manner:?

Day 13 [20 September]: Sunset to moonrise: 8°. There was a lunar
eclipse. Its totality was covered at the moment when Jupiter set and
Saturn rose. During totality the west wind blew, during clearing the
east wind. During the eclipse, deaths and plague occurred.

Day 14: All day clouds were in the sky.

Day 15: Sunset to moonrise: 16°. There were clouds in the sky. The
moon was 3 2/3 cubits below [the star] Alpha Arietis, the moon having
passed to the east. A meteor which flashed, its light was seen on the
ground; very overcast, lightning flashed. [...]

Daily entries concerning astronomical or meteorological events cover the period
until the end of that month. The tablet concludes with a small section on com-
modity prices and the planetary positions in the zodiac signs for that month.

IPuyblished in three volumes, (Sachs and Hunger 1988, 1989, 1996).

2Cited after Spek, http://www.livius.org/di-dn/diaries/astronomical_diaries.html. Hermann
Hunger has a slightly different reading and amendment, cf. (Hunger and Pingree 1989, 175-179).
The content is fundamentally the same.
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That month, the equivalent for 1 shekel of silver was: barley [lacuna]
kur; mustard, 3 kur, at the end of the month [lacuna]; sesame, 1 pan,
5 minas. At that time, Jupiter was in Scorpio; Venus was in Leo, at
the end of the month in Virgo; Saturn was in Pisces; Mercury and
Mars, which had set, were not visible. That month, the river level was
[lacuna).

The sensational additional entry of this tablet reports the downfall of the empire
and the defeat of Darius III by Alexander the Great at the battle of Gaugamela:

On the 11th of that month, panic occurred in the camp before the king.
The Macedonians encamped in front of the king.

On the 24th [1 October], in the morning, the king of the world [Alexan-
der| erected his standard and attacked. Opposite each other they
fought and a heavy defeat of the troops of the king [Darius] he [Alexan-
der] inflicted. The king [Darius], his troops deserted him and to their
cities they went. They fled to the east.

This report is not only remarkable because of the events that it records. For
the dissemination of knowledge it is important to note that the reports on these
events were written after they had occurred, looking back at the end of the month.
Meanwhile, the main scholar and his colleagues compiling the diaries continued to
observe and record their observations in the traditional way. Like other new empire
builders before him, Alexander in all respects allowed the scholarly tradition to
continue, independent of the sometimes radical political and ideological changes
the new leaders introduced. From all that we know about Babylonian astronomy,
scientific practice and its results maintained their value, irrespective of contextual
cultural differences.

Thesis 3 In Mesopotamia scientific practices and knowledge acquisition persist
throughout periods of social change. Scientific knowledge remains largely unaffected
by changing cultural contexts and serves the same purpose to different users.

At first glance the events seem to have been observed in a casual way and
chronologically noted by one scholar. Yet a systematic analysis of these reports
shows that they were formally and strictly arranged for each month, so that the
entries resemble monthly reports containing systematic observations, and that
canonical guidance was provided. Letters between the kings of the period and
their scholars prove that this text group was indeed carefully assembled and that
the kind of events included was well defined. The latter does not vary as the
observers change. The organization of different observers at different places is
even an attempt to ensure that the observations were as complete as possible and
that other scholars double-checked the content. These texts systematically cover
categories of events, which were specifically selected for a theoretical task.
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Obv.

1: year 156, month xi, (the 1st of which was identical with) the 30th (of
the preceding month), sunset to moonset: 18°; measured(?) (despite of)
clouds(?) [...]

2: night of the 1st, all night very overcast; the south wind which was slanted
to the east blew [...]

3: the south wind which was slanted to the east blew. Night of the 2nd, all
night very overcast; to [...]

4: the south wind blew. Night of the 3rd, all night very overcast. The 3rd,
clouds were in the sky. Ni[ght of the 4th, (...)]

5: the moon was 4 cubits below h piscium. The 4th, clouds and thin fog
were in the sky [...]

6: in the afternoon, very overcast, the south wind blew. Night of the 5th,
clouds were in the sky; the moon was 6 cubits below a arietis,

7: the moon having passed [...] cubit to the east; all night very overcast, the
south wind blew.

Even though the observations cover six centuries, they are remarkably constant
in composition. They constitute late Babylonian empirical records, which, after
centuries of refinement, have a remarkable precision and temporal range of validity.

The signatures of the observers were not commonly recorded. In contrast to
the diaries, as Mathieu Ossendrijver showed, theoretical astronomical texts au-
thored in Uruk show the names of the tablets’ ‘owners’ and those of the scribes.
Figure 7.1 shows the temporal distribution of scholarly activities undertaken in
Uruk during the Seleucid era, the years of which form the diagram’s y-axis. A ver-
tical bar represents the time period during which scholarly activities were carried
out. The shallow (grey) bars show the scribe’s activities; the solid (black) bars
the activities of a tablet’s “owner.” Every tablet carries two names—that of the
owner and that of the scribe—which are connected in the diagram by means of
horizontal lines. The continuous (grey) background colour of the diagram shows
that the activities were undertaken by only a few families. Although in most cases
the owner and scribe came from the same family, there are notable exceptions.
A scholar always started his career as a scribe. Once promoted to “owner,” he
is never recorded as working as a scribe again. Some entries make it clear that
the ‘owner’ checked the validity of the tablet produced by the scribe. Therefore,
the main function of the owner’s name on the tablet was to take responsibility
for its validity. The system established a form of quality control at the report
and copy producing level. The diaries are one level higher: reports were collected
for the monthly reports, from which the diaries were then compiled at a central
place—the palace or the library. A critical examination and comparison of the
texts with synchronous observations were probably undertaken.
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Even when the observations were carried out by several people at different
places, their reports were collected, critically examined and synthesized into one
representative datum, which consequently lost its individual observational back-
ground. The names of the observers are no longer an indication of the tablets’
validity. Both the astronomical events as well as the summarized economic data
were gathered in standardized ways. They were not exposed to the coincidental
market observations of scholars who happened to be buying items at the weekly
market. The astronomical diaries thus record types of events that were shaped
and selected on the basis of centuries of theoretical reflection. The precise astro-
nomical meaning of the recorded events could, therefore, be decoded (Grafihoff
1997).

Thesis 4 As a source of empirical data, the astronomical diaries were systemati-
cally checked by a group of researchers. This communal effort was required in order
to obtain a comprehensive and reliable data resource. Consequently, the empirical
data therein are more than just the “protocol sentences” of individual observers.

The long-term comparison of observations made at different places and some-
times with time differences of several centuries requires that the meaning of the
terms describing the recorded events is constant and well controlled. A global
distribution of the key concepts is, therefore, a precondition for finding patterns
in the reoccurrences of natural events. If the meaning or practice of recordings
and measurements had changed over the centuries or had been given new rules,
the observational records would then have become incommensurable. As a re-
sult, ancient scholars tried to ensure that scholars were well trained and certifiably
qualified in order to guarantee a common understanding.

Thesis 5 The astronomical diaries are formal, observational recordings of momen-
tous events that took place in the fields of astronomy, meteorology, economics and
state, which were documented in the form of monthly reports.

7.3 Regularities as Scientific Hypothesis

7.3.1 First-Order Regularities

The meteorological patterns of events are self-evident and they link the major
classes of events recorded in the diaries: the fate of the state strongly depends
on the fortunes of agriculture, which depend on the weather, which changes pe-
riodically with the seasons. The latter are defined by characteristic astronomical
events, the most significant of which are the so-called heliacal risings and settings
of celestial objects: shortly before sunrise (or sunset) an object rises (or sets) and
becomes visible to the observer before the sun outshines the other objects. Stars
typically have one day in the solar year when their heliacal rising occurs shortly
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before the sun rises in the east. Therefore, they are the best indications of spe-
cific days in the year. Since planets move across the stars, they do not signify
specific dates in the solar year. Therefore, the first-order regularities of meteo-
rological events describe events that reoccur on the same date of the solar year:
spring, harvest, heavy rains and dry seasons. For Mesopotamia this works with
impressive precision. Yet even these successful regularities could be improved. The
methodology for improving regularities can be studied in the case of the history of
astronomy: lunar eclipses are an important matter and they need to be accurately
predicted. A first-order regularity would state that lunar eclipses can only occur
at full moon, or on day 12 or 13, sometimes on day 14, of the month. If taken to
be a material conditional, the regularity would be false, since we observe many full
moons without an eclipse taking place. This does not make the regularity false!
Ancient astronomers did not take these regularities to be material conditionals but
as features which express ceteris paribus regularities: under additional (often un-
known) conditions, an event will occur given its preconditions. A search for these
additional ceteris paribus conditions could prove to be particularly enlightening
about the development of early mathematical astronomy in Mesopotamia.

7.3.2 The Concept of Signs

A citation from Hermann Hunger and David Pingree lays down the standard view
of the kind of knowledge that early Babylonian scholars were seeking:

Omens can also be classified according to their predictions: some omens
concern the king, the country, or the city; others refer to private indi-
viduals and their fortunes. One thing is to be kept in mind: the gods
send the signs; but what these signs announce is not unavoidable fate.
A sign in a Babylonian text is not an absolute cause of a coming event,
but a warning. By appropriate actions one can prevent the predicted
event from happening. The idea of determinism is inherent in this
concept of sign. The knowledge about the signs is however based on
experience: once it was observed that a certain sign had been followed
by a specific event, it is considered known that this sign, whenever it
is observed again, will indicate the same future event. So while there
is an empirical basis for assuming a connection between sign and fol-
lowing event, this does not imply a notion of causality. (Hunger 1999,
5)

Though somehow empirically based, what exactly this kind of knowledge was re-
mains obscure. Signs are certainly not absolute causes (who ever said that they
were?), but what is the epistemology of a “warning”? Ancient scholars undoubt-
edly wanted to obtain knowledge about the connections between certain events,
so that they could intervene and perhaps prevent an otherwise probable future
event from occurring. Medical doctors find themselves in the same diagnostic and
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therapeutic situations: symptoms are analyzed in order to deduce unknown causes
for illnesses, which hopefully can be cured or even prevented from happening. Yet
this would only work if causal interactions were presumed, which is precisely what
the Babylonians did for all kinds of regularities.

Thesis 6 In Babylonian scholarship there is no methodological difference between
causal reasoning, which aims to obtain knowledge about causal reqularities, and
causes that are indicated by signs. This applies to all kinds of domains of knowl-
edge—from medical and meteorological to economical and astronomical knowledge.

AHBHHZC F
. Y
Sign
Event

Figure 7.3: An epiphenomenal causal diagram for signs and effects.

The reason for the widespread misunderstanding of early empirical science is the
following interpretation of expressions of regularities:

Almost all omens are formulated as conditional clauses, “if x happens,
then y will happen.” The first part is called the protasis, the second
part the apodosis. (Hunger 1999, 5)

It is common opinion that the logical form of omens, like many other Akkadian
sentences that express regular occurrences, has the logical form of a material con-
ditional: if-then relations are logically false only if the antecedent is true and the
consequent false.

Yet, a number of different meanings could be read from the grammatical form
of the construction, which starts with the word Summa, and is followed by the
antecedent or protasis and then by a consequent (apodosis):
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1. material conditional: “if socrates is a philosopher, then he is a wise man.”
2. definitional assignment: “if he is a bachelor, he has no wife.”
3. causal regularity: “if you strike the match, it will light.”

4. decisional sentence: “if you obey, you will succeed.”

For the interpretation it is sufficient to study the use of such regularity expressions
in order to determine their meanings.

Thesis 7 Ezxpressions of reqularity in early science denote complex causal struc-
tures such as epiphenomena.

7.3.3 Rules of Inference

In A Babylonian Diviner’s Manual, an ancient text edited by Leo Oppenheim,
some rules of inference are articulated for the ancient scholar:

The signs in the sky just as those on the earth give us signals. [...]
Their good and evil portents are in harmony [i.e., confirming each
other]. The signs on earth just as those in the sky give us signals.
Sky and earth both produce portents; though appearing separately,
they are not separate [because| sky and earth are related. A sign that
portends evil in the sky is [also] evil on earth, one that portends evil
on earth is evil in the sky. When you look up a sign [in these omen
collections], be it one in the sky or one on earth, and if that sign’s evil
portent is confirmed, then it has indeed occurred with regard to you
in reference to an enemy or to a disease or to a famine. Check [then]
the date of that sign, and should no sign have occurred to counteract
[that] sign, should no annulment have taken place, one cannot make [it]
pass by, its evil [consequences] cannot be removed [and] it will happen.
(Oppenheim 1974, 203-205)

The following list of regularities is grouped according to phenomena. It is clear
that the finding of regularities is an empirical question. The protasis is described

as:
(25)  “if the sky is constantly covered with a haze”

(26)  “if after the sun has moved higher,
a star shoots and comes to a stop in front of it”

(27)  “if the planet Venus becomes stationary in the morning
and its critical dates”

(28)  “if the planet Mars which has seven names is seen
on the day of (its) opposition”

(29)  “if the opposition of moon and sun”
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(30)  “if the first visibility of the moon and its ‘tiaras’ ”
(31)  “if the moon is constantly surrounded by a halo
from the first to the fifth (var. thirtieth) day”
(32)  “if a star is seen that has a crest in front and a tail behind
and the sky turns light”
(33)  “if Adad sends lightning and his ‘hand’ is seen together
with the lightning”
(34)  “if the constellation Pegasus is seen in the month Nisannu”
(35)  “if a rainbow that is curved like the intestine(s) is seen in the sky”

The diviner’s manual predates the diaries. Its author does not disclose how

empirical records or observations should be evaluated in order to obtain regulari-
ties. Yet, it is made clear in the following passage that regularities are not material
conditionals. Rather, they are to be communicated in such a way that additional
unknown causal factors are taken into account and because of which a predicted
event might not occur.

It is important that all regularities are temporally determined. Therefore, all
regularities are intrinsically linked to time periodicities, which are determined by

(47-52) These are the things you have to consider when you study the
two collections [called] “if from the month Arahsamna on” [and] “if
a star has a crest in front.”” [when] you have identified the sign and
[when] they ask you to save the city, the king and his subjects from
enemy, pestilence and famine [predicted] what will you say? when they
complain to you, how will you make [the evil consequences] bypass
[them]?

astronomical periods.

The last sentence serves as a warning (and encouragement) to scholars to practise
according to scientific standards (although it is not called that). “Perfectly” in

(53-63) In summa twenty-five tablets with signs [occurring] in the sky
and on earth whose good and evil portents are in harmony you will
find in them every sign that has occurred in the sky [and] has been
observed on earth. This is the method to dispel [them)]:

(57-63) Twelve are the months of the year, 360 are its days. Study the
length of the year and look [in tablets] for the timings of the disap-
pearances, the visibilities [and] the first appearance of the stars, [also]
the position of the Tku star at the beginning of the year, the first ap-
pearance of the sun and the moon in the months Addaru and [...] Flu,
the risings and first appearances of the moon as observed each month;
watch the ‘opposition’ of the Pleiades and the moon, and [all] this will
give you the [proper] answer, [thus] establish the months of the year
[and] the days of the months, and do perfectly whatever you are doing.
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this context means that the scholar should make his observations according to
standards, that is, according to reliable traditional practices and instructions. By
concluding the text in this fashion, the author also makes it clear that perfect
execution is something that can be verified by the community. Indeed, there exist
a number of texts in which reports made by different scholars on the same events
are critically compared.

Some of the observations recorded in the diaries are clearly derived from reg-
ularities—they are noted as such (“nu pap”)—which indicates that there was a
need for a complete or nearly complete set of observations. This was especially
important for establishing the reliability of causal inferences—if one wants to en-
sure that regularities with no or only a few exceptions were recorded in the past.
A complete set of observations is again vital when it comes to time recording, since
everything that ensues depends on the proper recording of events in relation to
the genuine astronomical time scale:

(64-65) Should it happen to you that at the first visibility of the moon
the weather should be cloudy, [the water clock(?)] should be the means
of computing it, should it happen to you that at the disappearance of
the moon the weather should be cloudy, the water clock[?] should be
the means of computing it.

This is also valid when it comes to making weather prognostications. The following
text is particularly interesting, since it contains instructions on how to obtain rules
for forecasting the weather, rules that also apply to other meteorological texts:

[...for rain and flood] water do you have a prediction.

[...] month Ajjaru; for Jupiter 72, 24 (or) 12 years;

[for Venus] 16 (or) 8 years; for Mercury 46, 21 (or) 13 years;

[for Mars| 47 years; for the sun 36 (or) 54 years;

for the moon 18 years.

5 [so much earlier] it was too early, it will be too early (also) now;
so much earlier it was too late, it will now be too late (also).

6 [so much earlier] there were clouds, there will be clouds (also) now;
so much earlier there was thunderstorm, there will thunderstorm
(also) now.

7 [much] earlier there was heavy rain, there will be heavy rain
(also) now; so much earlier ...it was, it will be ...now.

8 [much] earlier ...it was, is will be ...now;
so much earlier it was downpour, it will be downpour (also) now.

9 [much] flooding was during Adad, it will be flooding during adad

(also) now; predict mass flood.

1
2
3
4

The above rules assume a principle of determinism in conjunction with as-
tronomical periodicities, which always takes into account that additional factors

3Edited by Hermann Hunger.
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on the conditional part are necessary for the future event is to occur or fail to
occur. The text is made up of three parts: astronomical periods, then the state-
ment that some constant time shifts can be applied, concluded by the enlisting
of weather phenomena of increasing importance. This is a schema to build regu-
larities of weather prognostications that work as well as schemes for astronomical
predictions.

Thesis 8 The text of the diviner’s manual contains instructions on how to make
empirically valid weather prognostications.

7.3.4 The Construction of Causal Regularities

There exists an information flow schema that closely follows the instructions of
these and similar tables.
1. The empirical basis is a chronological record of suspicious signs and events,
with characteristically first-order regularities.

date; event;
do signy
ds Signs
dy signs
ds events

2. correlations: date;[sign, and signs] — event;
3. periodicities: date; + period[sign; and signs] — eventy
4. sign periodicities: date; + period — [signi and signs)

The methodology of the functional understanding of these regularities follows those
of causal reasoning (Grafihoff and May 2001; Grahoff and Baumgartner 2004).

Thesis 9 The application of the rule of causal reasoning generated knowledge
about the correct regularities concerning astronomy, medicine, meteorology and
other epiphenomenal structures.

Once the empirical content of the diaries had been decoded, the question of
the origin and development of Babylonian astronomy could be newly formulated.
Otto Neugebauer participated in this reappraisal in the last two years of his life.
Noel Swerdlow (1998) attempted to explain the genesis of planetary theory from
the kind of observations that are recorded in the diaries, while the most plau-
sible reconstruction of lunar theory was published by Lis Brack-Bernsen (1993;
1997). As early as the sixth century BCE, the first schematic calendars, in which
astronomical regularities were employed, came into use. However, we still lack a
comprehensive picture of the genesis of later Babylonian astronomy.
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The transmission of knowledge in antiquity was first surveyed by Neuge-
bauer in 1945 (Neugebauer 1945). It is now clear that, during the Babylonian
period, knowledge was disseminated to all neighbouring cultures without under-
going change; its superiority was incontrovertible. The analysis of the diaries and
their pivotal role as the empirical basis for various branches of the sciences in an-
tiquity are also evidence that science was, already then, a global enterprise: even
empirical knowledge by this time assumed well-established public criteria of those
events that were the subject of scientific inquiry. Thus, in conclusion each datum
in the diaries possesses generality, independent of places, cultures and contexts.
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