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Understanding Climate:
Gifts from the Nile

Demetris Koutsoyiannis, PhD, and Theano Iliopoulou, PhD

he Nile has given not only material gifts to Egypt and the world, but

also intellectual gifts to science, especially to geoscience. The Nile

still has much to teach science—especially about climatology, as it
reflects climatic behaviors over vast areas in tropical and subtropical zones.
These climatic behaviors have been documented across time with some of its
extraordinarily long records surviving to present day. The records provide
insights to the perpetual change of climate and support quantification of
change in a stochastic framework.

Egypt to which the Greeks sail is land deposited for the Egyptians, the
river’s gift.
—Herodotus

1. Introduction

With alength of about 6,700 kilometers (km), the Nile is the longest river
on Earth. It discharges north into the Mediterranean Sea, and its western
main branch, the White Nile, goes as far south as Lake Victoria in Uganda,
the world’s largest tropical lake and second-largest freshwater lake by sur-
face area. Its eastern main branch, the Blue Nile, responsible for most of the
Nile’s discharge, has its source in the Ethiopian Highlands, beginning from
Lake Tana, the largest lake in Ethiopia. The Nile’s basin encompasses an
enormous area, about 3.3 million km?2, more than 10 percent of the African
continent, and is spread across 11 East African countries. (See Map 1, left.)

The Nile’s water flows some 20 days to arrive in Egypt from Lake Tana
along the Blue Nile, and 30 to 45 days or more from Lake Victoria along
the White Nile. The economies of the Nile basin countries are heavily
dependent on the use of water for agriculture, which accounts for more
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than half of the gross domestic product and employs more than 80 percent
of the workforce.? The Nile supplies water for domestic, industrial, and
agricultural use, hydropower generation, flood protection, and environ-
mental and ecological management. Major existing water works include
the Owen Falls Dam in Uganda, the Roseires, Sennar, and Merowe Dams
in Sudan, the High Aswan Dam in Egypt, irrigation canals in Sudan and
Egypt, and other smaller storage projects, barrages, and hydraulic works. As
part of an ongoing basin-wide economic development initiative, numerous
other projects are in planning or in construction. Among these, the Grand
Ethiopian Renaissance Dam has been under construction since 2011 and is
now near completion. When completed, it will be the largest hydroelectric
power plant in Africa, with an installed power of 5.15 gigawatts (GW), part
of which has already been installed and operated.

Almost all water flowing in the Nile is generated on 20 percent of the
basin, while the remainder of the basin is in arid or semi-arid regions. Egypt
and most of Sudan are completely dependent on the Nile for their water
uses for they lie on the arid part of the basin. Map 1 (middle) shows the part
of the basin belonging to Egypt. This image illustrates the importance of
water (blue) to the landscape and the environment and ecology (green). As
rainfall in Egypt is very low to non-existent (the mean annual precipitation
at Cairo is 27 millimeters (mm), and 1 mm at Aswan),’ the landscape’s nat-
ural color is desert beige, except for a zone extending 5 km to 10 km to each
bank of the Nile. This is green during the day and becomes bright white
during the night (Map 1, right), thanks to the lights of human civilization,
which it hosts.

The historian Herodotus (author of The Histories, considered the first
to have treated historical subjects using a method of systematic histo-
riographic investigation) called Egypt the Nile’s gift* (see motto in the
beginning of this Special Report), as the river brings not only the water
that Egypt needs, but also the soil that made it fertile. Historically, that gift
extended to much wider areas than Egypt. Since ancient times, Egypt has
exported agricultural products, particularly grain, to many countries. In the
Hellenistic period, under the rule of the Greeks (the Ptolemies), agriculture
was organized and productivity increased significantly, tripling the amount
of arable land® in Egypt and increasing trade. During the Roman period,
Egypt became known as “Rome’s breadbasket” as the Roman Empire largely
depended on grain imports from the Nile valley.

Today, Egypt exports around 350 different agricultural products, such
as potatoes, cotton, and fresh fruit, to countries in almost all continents.
Egypt’s agricultural exports amounted to more than 5 million tons per
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MAP 1
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(Middle) Part of the basin and the contrast between water availability (blue-green) and shortage (desert beige). The
locations of some of the ancient nilometers are marked, with the modern Arab and the old Greek names of the sites.
(Right) Same image as in the middle panel but taken at night, showing the nightlights and the contrast of the light

by human civilization and natural darkness.

SOURCES: Authors’ research. Nile basin is from World Bank, “Major River Basins of the World,” last updated June 25, 2019,

https://datacatalog.worldbank.org/search/dataset/0041426/Major-River-Basins-of-the-World (accessed August 23, 2024). Daytime satellite image is
from Google Earth. Nighttime satellite image is from National Oceanic and Atmospheric Administration, National Centers for Environmental Information,
“Version 4 DMSP-OLS Nighttime Lights Time Series,” https:/www.ngdc.noaa.gov/eog/dmsp/downloadV4composites.ntml (accessed August 23, 2024).
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year in 2021,° with an increasing trend,” yet it is reliant on imports, partic-
ularly of wheat.?

But the subject of this Special Report is not the material gifts of the Nile
to Egypt and the world at large. It is the gifts that the Nile has given to the
development of science, especially to geoscience. The Nile has informed
science from its cradle in roughly 600 BC to the modern day. Indeed, the
Nile still has additional lessons to offer to science—especially to climatol-
ogy, as the Nile reflects climatic behaviors over vast areas in tropical and
subtropical zones. And these climatic behaviors have been documented
across time with some of the records surviving to this day.

Mainstream science has invested in deterministic computer models of
Earth’s climate in attempts to unveil the unknown future with similarly
unknown degrees of certainty. Past information, like that offered by the
Nile, proposes an alternative path to contemplate the future and quantify
its uncertainty. This path necessarily relies on stochastics and especially on
Hurst-Kolmogorov (HK) dynamics (see “5. Reconciling with Uncertainty
and Stochastics” below), named after the British hydrologist Harold Edwin
Hurst, who devoted his lifetime to measuring and studying the Nile, and the
Soviet mathematician Andrey Nikolayevich Kolmogorov, who invented the
mathematics of this dynamics. However, only very few have understood
the value of the alternative path and the usefulness of past information,
especially that of the Nile.? This Special Report is intended to help to
spread the word.

2. The Nile as a Trigger of Science

The hydroclimatic behavior of the Nile represents the first geophysical
problem in history, posed and studied in the framework of science at its
birth. Humanity owes the first scientific perspective of the Nile’s behavior to
Thales of Miletus (c. 624/623 BC-c.548/545 BC), one of the Seven Sages of
Greece. He isregarded as the father of Greek philosophy and of science, and
his contributions include discoveries in mathematics, astronomy, physics,
geophysics, geodesy, and hydraulic technology.

Thales tried to explain the hydrological “paradox” or “puzzle” of the
Nile’s floods, that is the fact that flooding occurs in summer when in all other
rivers outflowing to the Mediterranean it occurs in winter. (See Chart 1.)
Thales’s explanation is incorrect, as he hypothesized that the winds in Egypt
are responsible for this unique behavior of the Nile. However, more import-
ant than a correct explanation is the fact that the problem was studied, for
the first time in history, as a scientific problem. Thales tried to explain a
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CHART 1

Contrast in Seasonality Between the Nile and Other
Mediterranean Rivers
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Mean monthly flows at Aswan Dam in Egypt, after naturalization of the observational
data (estimation of the natural flows based on data of regulated flows) (upper),
compared with mean monthly flows of a typical Mediterranean river, the Boeoticos
Kephisos River, located north of Athens, Greece (lower).

SOURCE: Authors’ research. SR301 ® heritage.org
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natural behavior on physical, rather than hyperphysical, grounds, which
was the standard before him.

Herodotus conveys two other theories additional to Thales’s and also
proposes his own. All of them are erroneous and some are not free of myth-
ical elements. The correct theory was proposed some three centuries after
Thales by Aristotle (384-322 BC, founder of the Lyceum and the Peripatetic
school of philosophy and author of about 400 books, many of which are lost).
He wrote a book on the “puzzle,” titled Mepl 1 To0 NeiAov dvapaoewg
(On the Inundation of the Nile), which has not survived. However, there
is a treatise in Latin titled Liber Aristotelis de Inundacione Nili (Aristotle’s
Book on the Inundation of the Nile), in short De Nilo, which is presumably
a Latin translation of Aristotle’s lost text. The treatise was left out of Corpus
Aristotelicum (Works of Aristotle), but recent developments support the
case that it is the translation of Aristotle’s genuine text.!° De Nilo starts with
the question to be answered, continues with what today would be called
a literature review, enumerating the explanations already given by other
authors about the phenomenon (including those referred to by Herodo-
tus), and then rejecting them one by one with logical arguments, until there
remains one explanation—Aristotle’s own theory. In brief, the theory is that
monsoons bring heavy rainfall to Ethiopia during the summer months, and
this causes the Nile flooding. The theory isindeed correct, as seen in Chart
2, which shows the rainfall volume in part of the Blue Nile basin in Ethiopia.

The most amazing detail about Aristotle’s tackling of the Nile puzzle
is that he verified his theory by observation. He persuaded Alexander the
Great, who was his student, to organize an expedition, in the frame of his
military campaign in Egypt. This was the first scientific expedition in his-
tory. The information about it reached the modern world in an indirect
way, as the original texts have been lost. The famous Library of Alexandria
was burned several times, while the Imperial Library in Constantinople
was destroyed in 1204 by the Crusaders, and the remaining libraries in the
city were destroyed by the Ottomans in 1453. Few books were saved, one
of which is Patriarch Photius’s (c. 810/820-893) Myriobiblon or Bibliote-
heca (wWhere Myriobiblon means “Ten Thousand Books”), composed of 279
reviews of books that he had read. This book, perhaps the first collection of
book reviews in history, written in Greek, was printed in 1611 with a Latin
translation. One of the books reviewed is a lost one titled Life of Pythagoras
by an anonymous author. The book contained the information about Aristo-
tle’s decisive contribution in solving the Nile paradox and the expedition in
Ethiopia for the theory’s verification. (See excerpt in Appendix A8. “Photius,
Mpyriobiblon or Biblioteheca, Life of Pythagoras.”)
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CHART 2
Explanation of the Peculiar Seasonality of the Nile

AVERAGE DAILY RAINFALL FOR PART OF THE BLUE NILE CATCHMENT IN ETHIOPIA,
IN BILLIONS OF CUBIC METERS PER MONTH
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Average daily rainfall volume over an area of about 74,000 square kilometers within
the Blue Nile catchment at Ethiopia (a rectangle with diagonal at points 9°N, 35°E
and 12°N, 37°E) (upper), and mean monthly flows at Aswan Dam reproduced from
Chart 1 (upper), for visual comparison (lower) .

SOURCE: Authors’ research. For more information, see Appendix B. SR301 ® heritage.org
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The above story is hardly known to modern scientists, yet several of its
aspects could be highly relevant to modern scientific developments. These
aspects are discussed by trying to answer the following questions.

o Was Aristotle’s theory on the Nile flooding accepted in his time or later
in Roman times? The reply is clearly no. Mythological views were
more charming than scientific views, and hence, they continued to be
popular during Roman times.

o When was the correct theory accepted? This question is studied in detail
by Demetris Koutsoyiannis (one of the authors of this Special Report)
and Nikos Mamassis.! The surprising answer is that it took 21 centu-
ries for the theory to be accepted—or better, reinvented, as Aristotle’s
text was lost. One would expect that, after the first quantification of
the hydrological cycle in the 17th century, the correct explanation for
the cause of the Nile’s flooding would be accepted. However, the truth
is that a new mythology was developed around a theory of the “niter,”
which was an imaginative element, abundant in the soil of Egypt that,
presumably, when activated by some strange conditions, caused the
flooding of the Nile, while rainfall in Ethiopia had a minor role, if any.
This mythical theory was popular among the most respected learned
societies in Europe (including the British Royal Society and France’s
and Germany’s scientific societies). It took the visit to the origins of
the Blue Nile of the Scottish traveler James Bruce and the publication
of his book" for the modern mythical theory to cease.

o Why was Aristotle’s incorrect geocentric system so popular while his
correct explanation of the Nile was unpopular? This question is difficult
to answer, but it is important to bear in mind that (a) the authority of
the proposer, which indeed Aristotle was, is not a sufficient condition
for a theory to be accepted, and (b) scientific truth, even if confirmed
by observation, does not necessarily lead to acceptance by the public
or even scientists.

These observations are of both diachronic and very modern interest. The
case of Aristotle’s correct theory on the Nile flooding is not the only one of
this type. Another similar case is Aristarchus’s heliocentric model, which
remained unpopular despite the fact that it was embraced by Archimedes."
Both scientific theories were kept hidden or rejected for centuries.
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3. The Nile as a Trigger of Metrology

Itis a common conviction that measurement—and thus quantification of
the Earth processes—is a modern development. Some intellectuals, such as
Bertrand Russell,'* went even further to support the idea that observation
was not practiced by ancient scientists. However, the study of the history
of Nile management reveals that measurement of its level goes back to the
depth of millennia. Some of the ancient instrumental records have survived
and constitute priceless information to understand the Earth processes
and, in particular, climate.

The Nile valley is one of the places where the earliest civilizations in
human history developed. The era of ancient Egypt follows the unifica-
tion of Upper and Lower Egypt in c. 3150 BC and starts with the Egyptian
Archaic Period also known as the Early Dynastic Period. It includes Dynas-
ties I and IT, lasting until c. 2686 BC, at the beginning of the Old Kingdom
(c.2686 BC-c. 2181 BC). With Dynasty I, the Egyptian capital moved from
Thinis to Memphis. During the Old Kingdom, also known as the Age of the
Pyramids, Egypt attained its first sustained peak of civilization. This was
the first of the three so-called Kingdom periods, followed by the Middle
Kingdom (c. 2055 BC-1650 BC) and New Kingdom (c.1550 BC-¢.1069 BC),
which mark the high points of its civilization. The periods between and after
these Kingdom periods, known as First, Second, and Third Intermediate
periods, are characterized by decline and are sometimes called the Dark
Ages.”® After the Third Intermediate period, the Late Period (672 BC-332
BC) is followed by the Hellenistic period (332 BC-30 AD, ruled by Greeks),
the Roman period (30 AD-313 AD), the Byzantine period (313 AD-641 AD),
and the Islamic period (641 AD —present).

The measurement of Earth was essential for agricultural management
in the Nile Valley, as well as the administration of the country, including
taxation; certainly, this triggered developments in metrology. Herodotus
and Aristotle agree that this happened for the first time in Egypt, but they
disagree on the real cause. Herodotus calls the measurement of Earth
geometry (YewpeTpin < yf = earth, land, and pETpov, measure; see excerpt
in Appendix A2) while Aristotle calls it mathematical arts (pabnpatikal Téyvar;
see Appendix A3). Today, it is rather called geodesy (yewdatoia < yfj = earth,
land, and Saiw, divide, that is, “division of Earth”), a term also introduced
by Aristotle (Metaphysics, 997b26). Herodotus attributes the origin of
Earth’s measurement to the practical needs, but Aristotle emphasizes the
intellectual conditions in society: “mathematical sciences originated in the
neighborhood of Egypt, because there the priestly class was allowed leisure.”
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One may speculate that both are right and that both practical needs as well
as intellectual developments are triggers of new knowledge.

However, this Special Report focuses on another type of measurement:
hydrometry, the measurement of water. From the very beginning of the Old
Kingdom, Egyptians practiced measurement of the Nile level, particularly
during the annual flood. They often kept records of the measurements,
some of which have survived. The oldest records of the Nile floods were
carved on a large stone stele during Dynasty V and include 63 levels of flood
water, which go back to the reign of King Djer early in Dynasty I (c. 3050
BC). The most valuable surviving fragment of this monument is the Palermo
Stone.'° Other fragments, either belonging to the same monument or to one
exactly resembling it in scale and arrangement, were later recovered from
the Memphis area and are kept for the most part in the Cairo Museum."”

The information inscribed contains (a) the names of the pharaohs of
Dynasties I to 'V, as well as those of their mothers; (b) their doings during
each year of their reign; and (c¢) indications of the height reached by the
Nile inundation in that particular year. The height is indicated in the mea-
surement units of Ancient Egypt: cubits, spans, palms, and fingers. The
cubit corresponds to 0.524 meters and is divided into seven hands/palms
or 28 fingers or two spans. This, known as royal Egyptian cubit, signifies the
first standard in the history of metrology. The first record of a permanent
standard is dated 2900 BC, when it was carved from black granite. The cubit
was decreed to be the length of the pharaoh’s forearm plus the width of his
hand, and replica standards were given to builders. However, in this early
metrology, which was generally kept for millennia,'® up to the 20th century
AD, neither the length of the cubit nor the number of subdivisions were
constant; for example, in some cases the fingers of a cubit are 24 rather
than 28 and there are cases where the cubit size, as re-measured today in
nilometers, is alow as 0.5 meters and as high as 0.55 meters."”

The astronomer Barbara Bell,?° who also contributed to the field of
climate history with her studies of ancient Egypt, has provided a graph
of the measurements during Dynasty I and the Old Kingdom (Dynasties
II-V), which is reconstructed here after digitization. (See Chart 3.) The
measurements form seven distinct groups, separated by periods without
measurements. The average flood level for each group of measurements is
also shown in Chart 3.

The most important observation in Chart 3 is the much higher flood
levels during Dynasty I than in those of subsequent periods. Even though
the zero point of flood level is arbitrary and there is uncertainty about
the location where the measurements were taken, Rushdi Said? tried to
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CHART 3

The Oldest Surviving Observations of Flood Levels on Earth
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Maximum annual flood levels during the Dynasty | and the Old Kingdom of Egypt (Dynasties II-V; c. 2686—c. 2181
BC) from the Palermo Stone and other related fragments, believed to have been measured at Memphis. The zero
point of flood level is arbitrary.

SOURCE: Authors’ research. For more information, see Appendix B. SR301 ® heritage.org

calculate the flood discharges represented by the measurements and to

compare them to modern day floods. Assuming that the measurements

represent the height of the flood in the Memphis basin, he asserts that the

floods during Dynasties ITI-V were of the magnitude of 130 km3 per year,
comparable to the highest discharge on the modern Nile flow record (141
kms3in 1878 AD). In contrast, the floods of Dynasty I must have been some

50 percent higher and in the range of 200 km3 per year. The direct con-
clusion is that climate used to change substantially during the era of the

earliest pharaohs.

No records have been found from the First Intermediate period (First
Dark Age). However, during the Middle Kingdom and specifically during
the reign of Pharaoh Amenembhat III, the maximum annual flood levels
were inscribed on the bordering cliffs of a constricted part of the Nile at
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Semna—Kumma in Nubia (modern Sudan, about 350 km south of Aswan).
A different method of inscription was used in this case: The highest rise
of the Nile in each year was registered by a mark, indicating the year of
the pharaoh’s reign, cut in the granite, and written in a horizontal row of
hieroglyphics, either on one of the blocks forming the foundation of the
fortress, or on the cliff, and, particularly, on the east bank.?

Lepsius® investigated these inscriptions and Said** has analyzed them.
According to Lepsius, 18 of these markings still remain. Thirteen of them
were made during the reign of Amenembhat I1I, and five were made in the
time of his two successors. One single mark only, that of the ninth year of
Amenembhat ITI, has been preserved in its original place on one of the build-
ing stones. Said® provides the measurements for 16 distinct years, which
are reproduced in Chart 4.

What is most interesting in this graph is the comparison of the measure-
ments with the flood level in modern times. According to Lepsius,?® the
latter is 11.84 meters and “according to the statements of the most expe-
rienced boatmen, does not change from year to year.” This value is agreed
with by Said who marks it as the average flood level of the 19th century. On
the other hand, the average of the measurements in Chart 4 is 18.96 meters
(or19.14 meters according to Lepsius), more than seven meters higher. This
fact was not warmly accepted by some scholars, who attributed the differ-
ence to factors like sedimentation or construction of ancient dams. These
explanations are not plausible, as discussed by Said. Change in the climatic
conditions is a simple and plausible explanation. According to Said’s*” cal-
culations, the typical Middle Kingdom floods were of the magnitude of 180
km3 per year, 30 percent higher than the highest discharge on the modern
Nile flow record (141 km3in 1878 AD). At the same time, they are lower than
the floods in the period of Dynasty I (about 200 km3 per year, as mentioned).
The direct conclusion is that climate continued to change substantially in
subsequent pharaohs’ eras (and still does so today).

Later in the Middle Kingdom period, there were two important events,
for which written information is available. The first is the famine corre-
sponding to the biblical story of Joseph and the pharaoh’s dream of the
seven fat cows and the seven skinny cows (see full text in Appendix A1),
which both Barbara Bell?® and Rushdi Said* date to an uncertain number of
years preceding 1740 BC. Specifically, Bell links this story with an inscription
in the tomb of Sobek-nakht, which was decorated in the three-year reign
of Sobekhotep II1, just prior to c. 1740 BC, and reads: “I was a man who
protected the afflicted against the powerful...who supplied the granaries of
the god...who summoned his entire energy every time he saw an insufficient
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CHART 4

Flood Levels During the Middle Kingdom of Egypt
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Maximum annual flood levels as inscribed on the bordering cliffs of a constricted
part of the Nile at Semna-Kumma in Nubia (about 350 km south of Aswan) during
the Middle Kingdom of Egypt (c. 2055 BC—c. 1650 BC) and specifically during the
reign of pharaoh Amenemhat Ill (or Amenembhet IIl; regnal c. 1860—c. 1814 BC;
Dynasty XII). The last point at 1800 BC is from the period of the reign of pharaoh
Sobekhotep (c. 1803—c. 1800 BC; Dynasty XlII). The absolute dating is uncertain, as
is the relative dating of the last point.

SOURCE: Authors’ research. For more information, see Appendix B. SR301 & heritage.org

flood.” She also refers to another, undated tomb inscription that reads, “I
gave grain to the entire country, I saved my town from famine.... [N]o one
has done what I did.” This biblical story is of great climatic importance as
it is perhaps the oldest text referring to a long-lasting drought, as well as
to the natural behavior of clustering in time of similar events (such as dry
or wet years), as first quantified by Harold Hurst.*

Benoit Mandelbrot and James Wallis® used the term Joseph effect for this
behavior, which today is more often called Hurst-Kolmogorov behavior. The
importance of the story extends to good management practices, in which
the storage of goods (in this case in granaries) during periods of abundance
can mitigate the adverse consequences in periods of shortage. Storage is
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also a practice used for water per se, traditionally with the use of cisterns,
which store water during the wet period of the year to be consumed in the
dry period, and today with the construction of large-scale reservoirs that
perform over-year regulation (that is, storing water during years of water
surplus to be consumed in years of deficit).

The second extraordinary event is a great flood inferred from two frag-
ments of a stele of the 13th Dynasty, found in Karnak, referring to regnal
year four of a Pharaoh Sobekhotep. The relevant portion reads:

Year 4, IV Shomu, the five epagomenal days under the majesty of this god
[Sobekhotep]... His majesty proceeded to the hall of this temple, Hapi [the Nile
god], the Great, has been seen coming towards his majesty and the hall of this
temple full of water. His majesty was wading in it together with the workmen.
(Emphasis added.)

This is quoted in Bell,** who following earlier researchers, identified the
pharaoh with Sobekhotep VIII and dated it to the 1600s BC. Such extraor-
dinary flood events happen often, reflecting probability distributions of
natural events which generally have heavy tails (opposite to the normal
distribution, which has light tails). This behavior has been named Noah
effect by Mandelbrot and Wallis®** and a black swan event by Nassim Taleb.3*

The next records of Nile floods that have survived are of the Third Inter-
mediate period. The maximum annual levels were inscribed on the quay
of Karnak temple in Luxor. Forty-five records were identified by Legrain®®
and studied by later researchers.?® The characteristics of the inscriptions
are similar to those in Semna—Kumma, as described above, mentioning
the name of the pharaoh and regnal year.

Ventre Pacha® listed all the flood level marks. Based on his and addi-
tional information on pharaohs’ chronologies, as well as remarks by Gerard
Broekman,? a graph is compiled in the form of a time series. (See Chart 5.)
The highest record on the quay is at 75.09 meters above sealevel (c. 685 BC
during pharaoh Taharqo’s reign), which means that the Karnak temple was
flooded at a depth of 84 centimeters above the floor of the hall. Assuming an
elevation of the Nile bed at 64 meters above sea level, building on Pacha’s
data, and making some calculations, Said* found that the largest flood is 2
meters higher than the largest modern flood of 1878. The minimum flood
recorded in this period is at 73.22 meters above sea level (c. 870s BC-880s
BC), or 9.22 meters above the assumed elevation of the Nile bed of 64
meters above sea level. According to Said, this means that the lowest flood
level of the entire record exceeds the highest one in the modern period
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CHART 5

Flood Levels During the Third Intermediate Period of Egypt
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Maximum annual flood levels as inscribed on the quay of Karnak during the Third
Intermediate Period of Egypt (c. 1069 BC—c. 672 BC). The measurements with
uncertain dating are shown as dotted lines, extending over the likely period. The
datum of the graph of 72 m above sea level is the ground level of the temple at
about 700 BC.

SOURCE: Authors’ research. For more information, see Appendix B. SR301 ® heritage.org

of measurements. This again testifies to the change of climate through
the centuries.

Measuring of the Nile levels continued in the subsequent periods, even
though records before the seventh century AD have not survived. For the
Late Period of ancient Egypt, Herodotus, who refers to the adequate level
of inundation for the flooding of the area of 15 cubits or 16 cubits, testifies:

“now, if the river rise not at the least to sixteen or fifteen, the land is not
flooded,”*® while he says that this was smaller in earlier centuries.

In the Hellenistic period, under the reign of Ptolemies, measurement of
Nile levels became more systematic, and measuring devices were installed
in several locations along the Nile. These devices were given a name for first
time, which were the Greek words niloscopeion, according to the historian
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Diodorus Siculus (first century BC), and nilometrion, according to the Greek
geographer Strabo (c. 64 BC-c. 24 AD). The modern term “nilometer”
comes from the latter name. Archeologists have identified several nilome-
ters of that era, whose locations are shown in Map 1 (middle). Remnants of
most of the devices exist today at archaeological sites.* A famous one, the
Elephantine nilometer, was mentioned by Strabo in the first century BC
(see Appendix A5) and was depicted in a drawing of 1821 by Charles-Lou-
is-Fleury Panckoucke.*

The usefulness of the nilometer is described by both Diodorus Siculus (see
Appendix A4) and Strabo (see Appendix A5). This usefulness is related to
administrative and managerial issues, rather than scientific tasks. Administra-
tors, by letting the people know the flood level and its evolution, in particular,
and the cease of the rise of flood level, helped them to better schedule their
agricultural activities, as well as to manage the operation of canals, which were
abundant in Egypt. Knowing the flood level was also important for regulating
the taxation per year, as people’s income depended on the flood level.

Hence, the flood level was important for Egyptians’ life and happiness.
According to Pliny the Elder (The Natural History; see Appendix A7), the
most desirable water depth was 16 cubits, and it brought joy to people; 15
cubits or 14 cubits removed anxiety; 13 cubits brought hunger; and 12 cubits
brought the horror of famine. Levels a bit above 16 cubits were not a prob-
lem, but beyond 18 cubits brought disaster. Accordingly, the nilometers
were marked in cubits using the Greek numbering system: IB =12, [T =13,
|IA=14,1E =15,1C =16 (the optimum), IZ =17, IH =18, 1© =19, K =20, KA = 21,
and so on. These marks became popular across Egypt.

Public feasts were celebrated in honor of the Nile and according to the
nilometer indications. Naturally, then, nilometers became sacred objects
with religious dimensions. As such, they were transplanted in other places
of the Greco-Roman world, irrelevant to the Nile, in the frame of what has
been called Egyptomania.*® For example, archaeologists have identified
structures resembling nilometers in Delos, Rhodes, Gortyn, and other sites
in Greece in sanctuaries devoted to the Egyptian goddess Isis.** Nilometers
also acquired an artistic value and were depicted in artwork and even coins.
A nice example of the Byzantine period is kept at the Louvre,* and addi-
tional examples can be found in the Encyclopaedia of the History of Science,
Technology, and Medicine in Non-Western Cultures*® and The Nile: Natural
and Cultural Landscape in Egypt.*’

In the Byzantine period, nilometers were also in use and perhaps
advanced through additional inventions (possibly by Egypt’s governor
Nicetas) in the period of the emperor Heraclius.*® At the same time, the
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Christians, in their attempt to dismantle paganism, removed sacred
nilometers from sanctuaries and placed them to Christian churches and
monasteries* and even used them for decoration of churches.*® For example,
in the Holy Patriarchal Monastery of Saint George in Cairo, a byzantine
nilometer was incorporated® (perhaps that of the fortress of Babylon) and
traces of it have survived to date.?

The most famous nilometer data are from the Islamic period. When
Arabs conquered Egypt in 641 AD, they found there several nilometers in
use, and they built more. The first known Arab nilometer is that in Helwan,
near Memphis, around 700 AD.?® It was destroyed shortly after and was
replaced by a new nilometer on the southern tip of the island of Roda in
Cairo.”* This nilometer was built in 715 AD, rebuilt in 861 AD after it had
been swept away by water, and maintained several times since. Water
entered through three tunnels and filled the nilometer chamber up to river
level. The measurements were taken at a marble octagonal column (with
a Corinthian crown) standing in the center of the chamber, graded and
divided into 19 cubits.” It is still in place as a museum and tourist attraction.
Itis nolonger in operation, as the completion of the Aswan dam regulated
the Nile’s level downstream.

Every year, the maximum flood level was recorded and communicated to
the population. In addition, the minimum water level that occurred before
the start of the flood was registered, marked as former (or ancient) water.
(See Appendix A10.)

Omar Toussoun®® compiled a table of the annual minimum and maxi-
mum water levels from 622 to 1921 (see also Said*” about the original sources
of this information). From 622 to 1470 (849 years), the record is almost
uninterrupted, but there are large gaps later. This instrumental record
of measurements surviving to date is the longest in world history. Inter-
estingly, the surviving record starts at 622, which is Year 1 of the Islamic
calendar, known as Hegira. Most probably, the measurements after 715 are
from the Roda nilometer; the measurements between 700 and 715, from
the Helwan nilometer; and the measurements between 622 and 700, from
the older Memphis nilometer (elsewhere referred to as the house of inun-
dation), which had been standing in that place since antiquity, or the newer
Byzantine nilometer in the fortress of Babylon in Cairo. One may speculate
that there existed records at Memphis before 622, too, but they were not
preserved, perhaps because this period would be judged less important
by the Arabs.

In his book, which is now in open access, Toussoun provided the values
of minimum water level both in cubits and in the metric system, in meters
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above sea level. Koutsoyiannis®® converted them into water depths assum-
ing a datum for the river bottom of 8.80 meters. Here, a zero point linearly
varying in time is used to take account of the rise of the riverbed through

the centuries, due to accumulation of sediments. According to Said,* the

floor of the Roda nilometer is at 8.15 meters above sea level and this level is

regarded as a representative zero point for the year 641. In areconstruction

of the nilometer scale in 1861, the zero point was put at 8.81 meters above sea

level. Hence, to convert the level to water depth, an estimated riverbed level

is subtracted, which is found by linear interpolation with time using these

two values (8.15 meters above sea level and 8.81 meters above sea level) and

their corresponding chronologies. This results in a rate of riverbed change

due to sediment accumulation of 53 millimeters per century. The resulting
time series of annual minimum and maximum water depths for 622 to 1470

is shown in Chart 6.

The quantified aspects of these time series are discussed in the subse-
quent sections. Undoubtedly, the information they contain is not complete,
as they do not provide any indication about the duration of flood or drought.
Also, their reliability is not as high as in modern measurements, because the
conditions under which they were taken and reported may have changed
through the centuries. Yet, the quality of the construction of the nilometer is
impressive, much higher than in modern water-level measuring devices. In
addition, there is some background information, in terms of old reporting of
some of the conditions or their consequences, which in some cases confirm
the data. Toussoun also reproduced these reported notes.

The highest maximum water level occurred in 1360 (elevation 20.05
meters, depth 11.5 meters) and indeed this is confirmed by reports. (See
Appendix Al10.) One of the lowest minimum water levels on record, that
of the 1405 (elevation 9.57 meters, depth 1.0 meter), is also confirmed by
areported note that “the Nile was dry, so that one crossed it with ford”
(Appendix A10). In other cases, the Nile is reported as even drier, that is,

“hidden in the earth, to the point that nothing remained of it” or with no
water at all (Appendix A10).°° However, the chronologies of these latter
notes do not correspond to the nilometer record.

The maximum water depth has the greatest socioeconomic importance
as it determines the annual agricultural production. Yet it does not suffice
to assess whether the production was high or low. For example, in 1295,
the year in which the lowest minimum level occurred, there is no note for
that minimum. Interestingly, the maximum is noted as 16 cubits and 17 fin-
gers, which could be interpreted as satisfactory for agricultural production.
However, the note continues: “[T]hen it [the maximum level] decreased,
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CHART 6

Roda Nilometer Time Series
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and there was a famine.” This shows the importance of flood duration, for
which no systematic information is available.

For the year 1144, in which the lowest maximum level was registered
(elevation 15.32 meters, depth 6.89 meters), there is no note. However, there
exists documentary evidence for the year 1200, in which the second-low-
est maximum water depth was registered (elevation 15.70 meters, depth
7.24 meters), by the Arab physician, philosopher, historian, grammarian,
and traveler Abd al-Latif al-Baghdadi,® who stayed in Egypt in that period.
His text goes far beyond confirming that there was a drought. It describes
extreme social behaviors triggered by the drought and the resulting
famine. An excerpt of the latter (Appendix A9) describes one of the most
horrific reactions in human history (cannibalism, including parents eating
their children).

A similar drought (elevation 15.58 meters, depth 7.25 meters) occurred in
967, and it appears that the social reactions were similar (see Hassan,®® quot-
ing the Egyptian historian Taqi el-Dine Al-Magqrizi, 1365-1441), while it was
estimated that 600,000 people died of starvation and famine-related dis-
eases—a quarter of Egypt’s population.®® Atrocities were reported in much
older periods, too. A text attributed to Ankhtifi, an officer during Dynasty
IX (2160 BC-2025 BC), inscribed in the walls of his tomb (approximately
35 km from Luxor) in Nile’s bank, contains the phrase: “All of Upper Egypt
was dying of hunger and people were eating their children.”®*

The Roda nilometer continued its operation during the Ottoman occu-
pation of Egypt (1517 to the end of the 19th century) and after that, but
later data became sparse. However, since 1870, a continuous record of
monthly discharges was kept as modern measurements of the Nile flows
have been taken at Aswan dam. Starting in 1915, the Physical Department
of Egypt (then a British protectorate) with Harold Hurst as its head, was
responsible for collecting hydrological data from the whole Nile basin in
Egypt, Sudan, and East Africa and for performing a large amount of related
research. River and lake levels were measured at more than a hundred sites
while discharge measurements were taken. Rating curves were derived to
calculate river flows, while rainfall records were collected throughout the
basin. The results of this work were published in a series of many volumes
titled The Nile Basin.®

The modern record of Nile discharge at Aswan is somewhat tricky to
compile. Up to 1965, the data are publicly available from the Global Runoff
Data Centre (GRDC).% Beyond 1965, data need to be naturalized (that is,
natural flows need to be estimated from water balance, based on observed
data of regulated flows), and are not publicly available in that form. In this
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CHART 7

Modern Record of Nile Flows — Annual
== Climatic (30-year average)
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Modern record of annual flows of the Nile at Aswan, after naturalization.

SOURCE: Authors’ research. For more information, see Appendix B. SR301 & heritage.org

Special Report, digitized published graphs are used to continue the for-
mation of the records. For the mean annual discharge up to 2018, a graph
by Kevin Wheeler and his co-authors® is digitized. For the monthly scale
up to 2001, graphs from Demetris Koutsoyiannis, Huaming Yao, and Aris
Georgakakos® and Hayana Dullah and co-authors® are also digitized. Chart
7 depicts the thus formed time series of annual flows at Aswan.

4. Lessons Still Unlearned: The Nile and Climatology

Climatology is tightly connected to analysis of data on the climatic
system (atmosphere, hydrosphere, lithosphere, and biosphere) and the
characterization of the related processes on a range of time scales, partic-
ularly large ones. (See a collection of definitions in Koutsoyiannis.”®) This
characterization is based on statistics, or better on stochastics, which is a
field wider than statistics; in stochastics, time has a hypostasis, which is
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typically absent in statistics, while time dependence of the climatic pro-
cesses is of prominent importance. In turn, climatology, the scientific field

of studying climate, is tightly connected to data, that is, observation of the

climatic processes, and their statistical and stochastic analysis.

The case of the Nile, for which instrumental data have existed for many
centuries, offers a unique opportunity to understand climate and, more
specifically, its perpetual change. And indeed, the Nile records described
above, spanning a period from the 32nd century BC to the 21st century AD,
attest to the case that climate always changed.

The three latest records (the nilometer record of annual minimum
water depth, the nilometer record of annual maximum water depth, and
the Aswan annual flow volume) allow quantification of climatic values
and their change. The most common convention for a climatic value is
the time average of a 30-year period. Therefore, in Chart 6 (nilometer)
the averages of consecutive 30-year periods are plotted, in addition to the
annual values. Observing the 30-year period from 771 to 800 (upper panel
of Chart 6), the climatic minimum depth was 2.08 meters, while from
1101 to 1130, it was 4.47 meters, more than twice as high. The variability
of the maximum water level is smaller—another unique characteristic of
the Nile. Yet, climatic variability is evident in Chart 6, as shown by the
downward and upward shifts and trends. As discussed in “3. The Nile
as a Trigger of Metrology” above, there were periods in the past with
average flood levels that were likely 50 percent higher than the highest
in the modern period.

The flow volumes of the modern period, shown in Chart 7, also show
climatic variability. Here, the span of measurements is 148 years—quite
large compared with other modern records, but much shorter compared
to the 849 years of Chart 6. Thus, for more insightful depictions of climatic
changes, the 10-year climatic values are also plotted, in addition to the
30-year ones. The most characteristic change is the downward shift of the
flow volume from 107.8 km3 per year between 1871 and 1900 to 83.6 km3
per year during the next 30-year period, from 1901 to 1930, a decline of
22.5 percent.

As simple as it may be that climate is naturally changing, the scientific
community is reluctant to accept it as a fact. It usually seeks an external
agent that causes the change, so as to blame change on that agent. The
current agent—the universal scapegoat—is human carbon dioxide (CO5)
emissions. Apparently, CO,emissions did not have an effect more than a
hundred years ago, but scientists’ imagination never fails to find external,
mostly anthropic, agents to blame.
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In the case of the downward shift of the Nile flow around 1900, that agent
was the old Aswan Dam, also known as Aswan low dam, which was con-
structed between 1899 and 1902 with a reservoir size of 5.3 km3, against 132
kms3 of the newer Aswan high dam, which was constructed between 1960
and 1970, 7 km upstream of the old dam.

The great hydrologist Vit Klemes”™ debunked the incorrect theory that
a dam with reservoir storage about 5 percent of the mean annual inflow
volume before its construction could cause a 22 percent reduction in the
inflow volume. Klemes criticized the original paper that had proposed this
explanation:

[T1Ihe authors considered only one possibility: the first filling of the old Aswan
dam which occurred in the season 1902-1903. And they did not take it as a
hypothesis to be verified but as an established fact—the one fact on which the
entire structure of their model rests.... [T]he discrete event of the Aswan dam’s
filling seemed like a self-evident cause, especially to engineers which is what
most of the authors of that paper were—an example of jumping to conclusions
about the “underlying physics,” based on personal biases rather than objective
analysis. The essence of the result of what the authors claimed to be a “rigor-
ous analysis” is the representation of the historic flow record as a time series
fluctuating about a mean which undergoes a downward jump of 22% exactly
at the time when the Aswan dam was filled.... The lack of realism of the authors’
postulated causal model (the filling of Aswan dam) for the sudden drop in

the mean flow of the Nile is exposed by the fact that, around the turn of the
century, a similar drop in the mean also occurred in precipitation over a vast
region including much of the tropical Africa and the West Indies...—a drop that
can hardly be attributed to the Aswan dam! Indeed, [the observed time series]
indicates that the drop in the Nile flows commenced already before 1900 as
did that in the tropical precipitation... but [this] was ignored because it did not
fit into the preconceived aim of fitting an “intervention” model to the data.

This is not meant to maintain that human influences on the Nile flows
remained negligible. On the contrary, after the construction of the Aswan
high dam these are very significant, and this is the reason why naturalizing
the flows for the period later than 1965 is required before utilizing them.
As the Nile approaches its outlet on the Mediterranean, human influences
become dramatic. Varis”® stated that the exploitation of the Nile water
has become so intense that little flows into the Mediterranean; only 0.4
km3 from the more than 90 km3 of water entering the Aswan high dam are
released annually to the sea. The rest either evaporates from Lake Aswan,
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irrigation systems, or arable land or is lost from the surface water pool by
way of other processes, such as infiltration. Evidently, this has substantial
environmental impacts.

Another usual agent to blame, when the data do not agree with expecta-
tions, is to denounce them (more specifically, the part of them that disagrees
with “theory”) as inaccurate or unreliable. This also happened with the Nile
flows before 1900. It was Hurst himself who defended their reliability, main-
taining that, though they were of lower accuracy, being based on measured
levels and a later rating curve, they were supported by the records from the
Halfa gauge (300 km upstream of Aswan) and by more recent flood levels.”?

The nilometer time series were also criticized even from the very pub-
lication of Hurst’s paper,” which is accompanied by relevant discussion.
Again, Hurst defended their reliability arguing that the behavior reflected
in them also appears in other records he examined.

Once blaming the data for an undesirable behavior fails, a next usual
step is to search for deterministic controls in them, which would allow even
long-range predictions. The well-known stochastic tool of power spectrum
(or another integral transform of the data) is typically employed to identify
over-annual periodicities in the time series. For example, Koutsoyiannis
and Georgakakos,” reviewing other studies, list many alleged periodic
oscillations, for example of 2.2, 4.2, 5, 7,19, 21, 64, 76, and 256 years. (See
also Said.”®) However, the claimed periodicities are suspicious.

Indeed, the plethora of periods detected for the same time series, which
are numbers asymmetric to each other, may rather indicate a stochastic
(erratic) behavior, in which every frequency could appear with certain
weight. Most of the studies suffer from one or more of the following caveats:
(a) They miss the fact that the empirical power spectrum (periodogram) is
arealization of a highly varying stochastic process, displaying many “false”
peaks and thus being far different from the (usually smooth) theoretical
power spectrum; (b) they test the significance of detected periods against
white noise, while, apparently, a white noise hypothesis is totally inconsis-
tent with the Nile’s behavior; (c) they undervalue the estimation uncertainty
in stochastic processes with high autocorrelation.

Itis not too difficult to assess whether a peak appearing in the periodo-
gram is “real,” manifesting a deterministic oscillation, or “false,” a reflection
of arandom effect. Ifitis “real,” it will appear at the same frequency if a part
of the time series is used, for example, splitting the sample in two halves
(orin three tertiaries) or sliding the starting point by a certain number of
time steps forming different sequences with same length. Such an exercise
is shown in Chart 8, which depicts a “spaghetti graph” of 12 periodograms,
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CHART 8

Spectral Analysis of the Modern Nile Flows
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Spaghetti graph of 12 periodograms, each produced from a sequence of 1,024 terms
of the monthly times series of Aswan flows. The first item of each of the different
sequences lags that of the previous sequencies by 48 months (four years). The dots
denote the average peaks in the cases that have synchrony for all 12 components.

SOURCE: Authors’ research. SR301 & heritage.org

each produced from a sequence of 1024 terms of the monthly times series
of Aswan flows with different starting points. The period is plotted on the
horizontal axis, instead of the frequency which is more commonly used in
such graphs.

Evidently, the peak that appears at the period of a = 1 year is “real” and
corresponds to Earth’s annual orbit around the sun. All 12 components of
the spaghetti graph peak at one year. Also real are the harmonics at smaller
periods, thatis, ata,= a/ ,1=1,2,34,5,6. There also appears some synchro-
nization of peaks for other periods smaller than annual, but these peaks
are small. For periods longer than one year, synchronization of peaks of all
12 components never appears at any period, which indicates that no real
peak appears.

Chart 9 provides similar information, but for the nilometer time series.
There appears some synchronization of peaks for some periods, denoted
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CHART 9

Spectral Analysis of the Nilometer Data
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prediction limit derived by Monte Carlo simulation from an HK model fitted to the
nilometer minimum and maximum water depths.
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by dots in the graph, whose magnitude is small. To quantify the statistical
significance of these peaks, a Monte Carlo simulation is used based on HK
models fitted separately to the nilometer minimum and maximum water
depths (see “5. Reconciling with Uncertainty and Stochastics” below). For
the case of minimum water depth, all peaks are below the 99 percent pre-
diction limit, indicating that the peaks are not statistically significant at
the 1 percent level. For the case of maximum water depth, there is one peak
at the period of five years that slightly exceeds the 99 percent prediction
limit. However, at that period, no peak appears at the periodogram of the
minimum water level nor at that of the modern record of flow volumes.

All in all, the quest for periodic oscillations in the Nile is not fruitful
at all. Another possible quest for deterministic controls would be to seek
low-dimensional determinism. Possible non-periodic deterministic con-
trols, or deterministic attractors, could be detected by using the entropy
notion. More specifically this is done by inspecting the information content,
expressed as an entropic dimension, of an array of m variables (where m is
called the embedding dimension) associated with the time series. From a
time series of observations x, and for increasing trial values of m, sequences
of vectors of x; of size m, dimensions d_are estimated and tested whetherd

=m ord_<m.Inthe latter case (meaning that the space where the system
dynamics lies does not cover the entire embedding space), there is evidence
for deterministic dependence of some of the variables that are coordinates
of the embedding space. The algorithmic details of the procedure, among
which is the use of a Rényi generalized entropy, a radius € and the so-called
correlation sums, regarded to provide more accurate estimates of d_can be
found in Koutsoyiannis.”” As shown in Chart 10 (reproduced from Koutsoy-
iannis and Georgakakos”®), application of the standard algorithm on the
Nile monthly flow series does not reveal any low-dimensional determin-
istic controls. For small m, the figure clearly shows that d_(e) tends to m
as € tends to 0. For higher embedding dimensions, the algorithm requires
enormously many points to provide reliable estimates;”® but, obtaining
reliable estimates with a sample size of 131 x 12 = 1,572 cannot be hoped
for. Nonetheless, the figure again shows a tendency for entropic dimensions
to equal embedding dimensions.

Some researchers have ascribed deterministic effects, which they char-
acterize as “nonstationarities,” to the rising or falling large-scale “trends”
identified by statistical time series analysis methods. This, however, is an
inconsistent view of natural variability.®°

A final issue to examine in the framework of seeking deterministic rela-
tionships is to identify causal relationships between the Nile flows and other
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CHART 10
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SOURCE: Authors’ research. For more information, see Appendix B. SR301 & heritage.org

Earth processes. The causal relationship of rainfall over the Nile catchment
to the river’s flow has been obvious since at least Aristotle’s time. On the other
hand, several researchers have identified influences of large-scale atmospher-
ic-oceanic processes, such as the El Nifio—Southern Oscillation (ENSO). Here,
examining the latter relationship requires correlating the standardized
monthly flows of the Nile with the U.S. National Oceanic and Atmosphere
Administration’s Southern Oscillation Index (SOI). The maximum correlation
coefficient appears at lag 4 (that is, four months) and is rather low, at only 0.09.
However, if the entire range of meaningful time lags is taken into account
using the impulse response function (IRF), and a method newly proposed
by Koutsoyiannis and co-authors,® then the explained variance by the
relationship reaches 26 percent. This explained variance is equivalent to
a correlation coefficient between the Nile flows and a linear expression
of lagged SOI values greater than 0.5. The IRF is shown in Chart 11 (left),
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CHART T

Potentially Causal Connection Between ENSO and Nile Flows
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Intermediate regional floods (IRFs) for Southern Oscillation Index (SOI)-Nile flow based on monthly time series of
the two quantities (left); SOI = Nile flow (potentially causal system) and (right); Nile flow = SOI (potentially
anticausal system).

SOURCE: Authors’ research. SR301 ® heritage.org

where the relevant lags range from 0 months to 6 months, signifying a
potential causal relationship, with the ENSO as the cause and the Nile’s
flow as the effect. By reversing the causality direction, an anticausal system,
as shown in Chart 11 (right), is identified which, again, suggests the ENSO
as the potential cause and the Nile’s flow as the effect.

Notably, the explained variance of 0.26 is low, if the next month’s flow
prediction is sought. For comparison, by using solely past flow values in a sto-
chastic model for medium-range prediction, Koutsoyiannis and co-authors®?
were able to achieve an explained variance of 0.67. It is possible that by also
incorporating the potentially causal relationship with the ENSO, the explained
variance would further increase and the medium-range prediction improve.

However, such predictions are meaningful only for short to medium
range. For long-term predictions, the models cannot help. Even if a process
is identified that could be regarded as a potential cause, such as the ENSO,
the future of that cause is also unpredictable. A fortiori, when investigating
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the climate, such analyses are not relevant at all. Rather, the lessons learned
from the Nile records suggest that:

¢ Climate change is perpetual,

¢ Long-term deterministic controls that could enable predictability can
hardly be identified, and, thus,

e Future climate is uncertain.
5. Reconciling with Uncertainty and Stochastics

The common perception is that what is not characterized as determinis-
ticis thought to be random, that is, uncertain. However, in a purely random
process, large time scales tend to stabilize the average. As this average rep-
resents a climatic value, the analogue of arandom process is equivalent to a
stable climate. And when there is no change, the uncertainty vanishes over
long time periods. This is illustrated in Chart 12, where the upper panel
is identical to the upper panel of Chart 6, showing the minimum water
depths of the nilometer. In the lower panel, the time order of the actual
time series is disturbed by resampling from the same time series at random.
Now, taking the 30-year time averages, also plotted in both graphs, there
are major differences. In the actual case, the climatic values change, while
in purely random case, there is almost climate stability. Thus, an actual
climatic process is more unpredictable than a purely random process.

Itis not too difficult to quantify the change within stochastics and devise
a stochastic model for climate. The concept of variance suffices to this aim.
Let us take as an example the time series of the nilometer minimum water
depths x,, x,,..., X,,, and calculate the sample estimate of the variance y(1),
where the argument (1) indicates time scale of one year. The time series of
the averages at time scale of two years is formed as:

2 ._ T1t+2 2. T3 +Ty4 (2) . Tsa7 + Tsas
:El Ll T, 9:2 - T, “eey $424 - f

and the sample estimate of variance y(2) is calculated. Forming a time
series at time scale 3, 4, ... (years), the same procedure is repeated up to
scale 84 (years):



SPECIAL REPORT | No. 301 DECEMBER 3, 2024 | 31
heritage.org

CHART 12

Enhanced Uncertainty in Natural Processes Compared — Annual
tO Random PI’OCeSSGS == Climatic (30-year average)
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of Chart 6, upper), and (lower) at arbitrary times, redistributed at random.

SOURCE: Authors’ research. SR301 ® heritage.org
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From this, the variance y(84) is estimated. Here, the maximum scale 84
is the 1/10 of the record length so that there are 10 data points, x,®¥, ..., x ©¥,
as aminimum to provide areliable estimate of the variance. Next, plotting
the sequence of variance y(k) vs. scale k using logarithmic axes, as estimated
from the time series x® =x, x®, ..., x ®¥yields Chart 13.

The logarithmic plot of the variance y(k) vs. scale k, which has been
termed the climacogram, is a useful tool to characterize both change and
uncertainty. If the time series x, represented a purely random process, the
climacogram would be a straight line with slope = -1, as implied by the clas-
sical statistical law:

7(1)
v(k) = “E

)

In real world processes, the slope is different from -1, designated as 2H - 2
and describing the scaling law:

€]

Equation (4) defines the Hurst-Kolmogorov (HK) process. The parameter
H is called the Hurst parameter and is restricted in the interval (0,1). H
is a measure of entropy production, which is closely related to change.®®
If H=1/2, then equation (4) switches to (3), and hence, the value H =1/2
signifies a purely random process. In most natural processes, the Hurst
parameterisin the interval 1/2 < H < 1. High values of H, particularly those
approaching 1, indicate enhanced change and enhanced uncertainty at large
scales or strong clustering (grouping) of similar values, elsewise known as
long-term persistence or long-range dependence. Some texts interpreted it as
long-term memory or infinite memory, but this is an incorrect and misleading
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CHART 13

Climacograms of the Nilometer Series
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Empirical climacograms (plots of the variance y(k) vs. scale k) of the nilometer series of annual minimum and
maximum water depths (left and right, respectively), along with the fitted HK models.

SOURCE: Authors’ research. SR301 ® heritage.org

interpretation.®* Values of H in the interval 0 < H < 1/2 suggest antiper-
sistence, sometimes misinterpreted as quasi-periodical oscillation.

It was the investigation of the Nile records by Hurst (for dam design and
other water resource development studies), and the observation of the huge
climatic variability in them at large time scales, that triggered the discovery
of the HK behavior, initially called the “Hurst phenomenon,” a rather unfor-
tunate name as the behavior proved to be quite common—not phenomenal.

Chart 13, in addition to the empirical climacograms of the Nilometer,
estimated from the time series for time scales one to 84 years, also shows
the theoretical HK model and its fitting to the empirical climacogram. This
fitting is not made by matching the two, but by also considering the esti-
mation bias, which is high, equal to —y(n), where n is the length of the time
series.®” Thus, the fitting error is measured as that between the empirical
climacogram and the theoretical model plus bias (marked as “HK adapted
for bias” in Chart 13). In fitting the HK model to the case of maxima, the
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CHART 14

Climacograms of the Modern Nile Flow Series
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Empirical climacogram of the Nile flows at Aswan along with the fitted HK model
plus an annual harmonic.

SOURCE: Authors’ research. SR301 & heritage.org

first two time scales were not considered as they are severely affected by the
extraordinary flood of a single year, in 1360, as discussed in “3. The Nile as a
Trigger of Metrology” above. The empirical climacograms of both minimum
and maximum water depths at the nilometer are consistent with the HK
behavior with fitted H = 0.85 and 0.82, respectively.

The modern data of Nile flows at Aswan have been processed in a similar
manner and their climacogram is shown in Chart 14.

Because the basic time scale is now monthly, the annual periodicity
is apparent in the empirical climacogram. The theoretical climacogram
should also take periodicity into account. The simplest way to do this is by
adding a single harmonic of the form A cos(2mi/12) to the signal, where i is
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TABLE 1

Hurst Parameter Estimates

Assumption Case Period H

Elevating zero point by 53 mm/century Nilometer minima 622-1470 0.85
Nilometer maxima 622-1469 0.82

Constant zero point Nilometer minima 622-1470 0.87
Nilometer maxima 622-1469 0.83
Constant zero point Nilometer minima 622-1300 0.90

Nilometer maxima 622-1300 0.84
Elevating zero point by 100 mm/century Nilometer minima 622-1470 0.87
Nilometer maxima 622-1469 0.89
None Modern flow record  1871-2018  0.87
Modern flow record  1901-2018  0.67

Estimated Hurst parameters (H) for the nilometer and Aswan time series using
different fitting periods and assumptions. The first two values and the penultimate
value correspond to the assumptions adopted in this study and are consistent with
Charts 13 and 14 in the text.

SOURCE: Authors’ research. SR301 & heritage.org

amonth counter and A is a parameter. This results in a climacogram expres-
sion y, (k) = A* sinc*(rtk) where the time scale k is measured in years® (this
expression is valid for k= m +1/2, where m is any integer). The component
y,(k) is added to that of the HK process in equation (4). The fitted Hurst
parameter in this case is H = 0.87.

To strengthen the credibility on the consistency between the HK model
and the Nile time series, a sensitivity analysis is also performed using dif-
ferent fitting periods and assumptions. Specifically, for the nilometer data:
(a) the fitting time period is restricted to 622 to 1300 in order to delimit the
inhomogeneities; (b) a constant zero point of the nilometer is assumed to
determine the water depth from the water level; (c) an elevating zero point
of 100 mm per century (instead of 53 mm per century documented above)
is assumed, which has been a common rate used in the literature (such as
in Said®”). As seen in Table 1, in all cases of alternative assumptions, the
resulting Hurst parameter values are higher than in the basic case, reach-
ing even 0.90.

For the modern data set (Aswan monthly streamflow series), for an
alternative estimate of the Hurst parameter, the period from 1871 to 1900
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is excluded. In this case the Hurst parameter has substantially decreased
to 0.67, consistently to the value reported recently by Enda O’Connell,
Greg O’Donnell, and Demetris Koutsoyiannis,® who also found for the
same period a similar value for the rainfall over the Nile basin. However,
as discussed in “4. Lessons Still Unlearned: The Nile and Climatology,” the
data from 1871 to 1900 are deemed reliable; hence, the value H = 0.87 is
reasonable and also consistent with the estimates from the nilometer for
much longer data sets.

In brief, all records suggest the omnipresence of the HK behavior, which
manifests that long-term changes are much more frequent and intense
than commonly perceived and, simultaneously, that the future states are
much more uncertain and unpredictable on long time horizons (because
the standard deviation is larger) than implied by pure randomness. Ignor-
ing or neglecting this behavior for the past undermines the understanding
of climate. Ignoring or neglecting it for future planning increases the risk
substantially. For the latter, the scientific community has invested on the
alternative of climatic model projections, even though they fail to describe
the known past. Itis very likely that the use of climate model results under-
estimates climate risk, compared to the use of measurement data combined
with stochastic HK dynamics,® and misspecifies the source of the risk as if
it was human-caused, while it has been largely natural.

6. Discussion and Conclusions

While the discussion here has focused on the water flows in the Nile and
their connection to rainfall variations in the Nile headwaters of central
Africa, these historical changes were necessarily related to atmospheric
changes on much larger scales. For example, the dry Saharan region, and
other subtropical dry regions, are due to large-scale sinking of air masses
which are directly connected to the strength of rising air and precipitation
production in the deep tropics.

The Nile has given material gifts to humanity, related to the prosperity
not only of Egypt, which according to Herodotus is itself a Nile’s gift, but in
awide area expanding into the Mediterranean, Europe, and western Asia.
Its intellectual gifts, related to science and technology, are equally import-
ant. Today, the development of technology follows that of science and data
acquisition. However, the history of the Nile shows that technological
development preceded, followed by measurement of the environment as
ameasure to increase productivity, while the development of science was
the latest part in this coevolution.
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The study of the Nile is inseparable from the birth of science, in partic-
ular geoscience, as the first geophysical problem in history was about the
Nile. Also, the first in history scientific expedition was made to confirm
Aristotle’s hypothesis that rainfall in Ethiopia was the prime determinant
of the Nile’s flow. However, there still remains much to learn from the Nile’s
behavior, particularly in climatology and hydrology.

The fact that climate always changes is well established, but seldom
appreciated in the modern era that generally relates all environmental
change to human causation (such as increasing atmospheric carbon diox-
ide). The historical evidence is commonly provided by proxy data. The
Nile is a unique case that provides such evidence by uninterrupted instru-
mental records of many centuries, complemented by interrupted records
going back five millennia. The instrumental records also serve to reveal
the stochastic dynamics of change and quantify the change in terms of the
HK dynamics.

Additional information from archaeological, documentary, and proxy
studies confirm the large climatic changes. A graph summarizing many
sources of related information can be seen in Said?® and additional infor-
mation is provided by other researchers.”” These climatic changes were
often combined with tectonic changes in geomorphology to produce cos-
mogonic results. Said®? describes how the Lake Plateau drained west toward
the Congo before the formation of the African Rift led to the presence of
Lake Victoria. The age of Lake Victoria is currently estimated to be less
than 500,000 years, which could imply a similarly young age for the White
Nile.” Both Lake Victoria and the Sudd basin of the southern Sudan were
closed basins until they overflowed toward the Nile some 12,500 years ago.”*
Amazingly, Lake Victoria seems to have dried twice in the relatively recent
past, some 14,000 and 16,000 years ago.”® A big increase (about 3 meters)
in the water level of the lake occurred as recently as 60 years ago,’® around
1960. As per the Blue Nile, calibrated radiocarbon ages for its high flows
indicate very high flood levels toward 13.9-13.2 thousand, 8.6 thousand, 7.7
thousand, and 6.3 thousand years before present.?”

For the more recent period, the changes observed have been registered
in instrumental records, by far the longest in history. With respect to future
prediction, observed data of the past, particularly quantified ones, are a
better determinate than any speculations or outputs of poorly performing
models for an imaginary future, as has been the rule for climate change,
anthropogenic or not. In the Nile case, the instrumental data are also
confirmed or complemented by written documentation in the form of hiero-
glyphic inscriptions in rocks or steles, papyruses, and books in Greek, Latin,
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or Arabic. In this respect, archaeologists have offered great assistance in
understanding the changes. Some of these sources contain information on
the intensity and consequences of famines in Egypt resulting from droughts
or floods in the Nile (Hassan’®). And, indeed, the consequences in some
cases triggered horrific social behaviors.

Many researchers attributed several discontinuities (declines or even
collapses) in Egyptian civilizations to bad climatic conditions that caused
famines. Such explanations, relying on what has been called environmental
determinism, may be true up to some point. However, the social dynamics,
including prudent and visionary administration (exemplified in several
texts relevant to Egypt), public involvement (exemplified by the wide use
of nilometers in Egypt to guide agricultural activities of the population),
and adaptation readiness may mitigate natural calamities. Hence, study of
the social dynamics may often provide better guidance than environmental
determinism.®

Changing climate has always been a potential threat to human societies
and civilization. Human intelligence, resourcefulness, and adaptability
have been weapons against this and other threats. Panic never helped to
confront threats. The recently cultivated climate panic is a speculative
manifestation of weakness and decadence. The current decadence, mostly
seen in the intellectual decline and departure from reason, is the real and
most dangerous threat.
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Appendix A: Ancient Texts References

Al. The Bible, Genesis 411
Greek text!*

AmnooTelhag 6 Dapaw éxaleoe TOVIwong:
kal £€nyayov adTov amno To0 OXUPWHATOG,
Kal €E0pnoav abToy, kai HAAagav TRV GToANV
abTol: kai AABE Tpo¢ Dapaw. Eine §¢ dapaw
TpOG lwor @, EVOTIVIOV Ewpaka, Kal © cLYKPI-
VWV 00K £€0TIV ALTO: £yw &€ AKnKoa Tepl 00D
AgyOVTWY, AKOLOAVTA O€ £VUTIVLA, CLYKPLVAL
abTd. ArtokpiBeig 5¢’lwone T Papaw imey,
avev 100 O€0D 0LK ATOKPIOACETAL TO OWTN-
plov dapaw.’EAaAnoe 6 Dapaw T wong,
Agywy, €V 1@ OTVW pov WENV €0TAVALTIApA TO
¥€og To0 motapod. Kal womep £k Tod mota-
1ol avéBatvov emta Boeg kKaAal T@ €16el kal
ekAekTal Talg oapgl, kal EVELOVTO eV TG AYEL
Kal idou emta Boeg ETepal AvéBatvov dmiow
aLT®V £k ToD toTapod, movnpat kal aioypal
TQ i8¢, kai AemrTal Talg oapély, olag ovk eidov
TolavuTag €v OAn yi Alyvumtou aloypotépag. Kat
Katepayov al emta Boeg at atoypal kal Aemtal
TAG £MTA BOAG TAG TPWTAG TAG KAAAG KAl TAG
€kAekTag. Kal eilofABov gig Tag kolAiag abt@v-
kal oL dladnAot éyevovTto, OTtLeiofABov €ig
TAG KolAlag aLT@V- kal al dYelg avT®v aioypal,
KaBa kal TV apxnv- £&eyepOeig b€ ko Onv.
Kal ei8ov mtdAwv év T¢) OTtvw povu, kai hoTep
ETTA OTAXVEG AVERALVOV €V TTUBUEVL EVITIAR-
peLg kal kaAol"AAAoL &€ EMTA OTAYLEG AeTITOL
Kal AveLo@BopOoL AVEQUOVTO £XOUEVOL AVTRV.
Kal katémiov ol €TTa oTd)LEG ol AeTtTOl KAl
Aveo@O0POL TOVG ETITA OTAYLAG TOUG KAAOUG
kal ToLG TTAAPELC: lmta 00V TOT¢ £€RyNTAlC, Kal
oUK Qv O amayyeAAwv pot avTo.

Kal einev’iwone 1@ ®apaw, T6 £VOTViov
dapaw €V EaTIv- 60 0 OO TOLE, £6€1EE TR

English text'?

The king sent for Joseph, who was quickly
brought out of jail. He shaved, changed his
clothes, and went to the king. The king said to
him, “I had a dream, yet no one can explain
what it means. I am told that you can interpret
dreams.” “Your Majesty,” Joseph answered, “I
can’t do it myself, but God can give a good
meaning to your dreams.” The king told Joseph:
I dreamed I was standing on the bank of the
Nile River. I saw seven fat, healthy cows come
up out of the river, and they began feeding on
the grass. Next, seven skinny, bony cows came
up out of the river. I have never seen such
terrible looking cows anywhere in Egypt. The
skinny cows ate the fat ones. But you couldn’t
tell it, because these skinny cows were just as
skinny as they were before. At once, I woke up.
T also dreamed that I saw seven heads of grain
growing on one stalk. The heads were full and
ripe. Then seven other heads of grain came up.
They were thin and scorched by a wind from
the desert. These heads of grain swallowed the
full ones. I told my dreams to the magicians,
but none of them could tell me the meaning
of the dreams.

Joseph replied: Your Majesty, both of your
dreams mean the same thing, and in them
God has shown what he is going to do. The
seven good cows stand for seven years, and so
do the seven good heads of grain. The seven
skinny, ugly cows that came up later also stand
for seven years, as do the seven bad heads of
grain that were scorched by the desert wind.
The dreams mean there will be seven years


https://heritage.org

40

Al. The Bible, Genesis 41 continued
Greek text continued

dapaw. Atémta ogg al kaAal, EMTa £Tn €0Ti:
Kal Ol ETITA OTAYVEG Ol KAAOL, ETITA £TN £0TI TO
gvumviov Gapaw v ot Kal al émta Boeg ai
Aemttal, at avafaivovoat dTiow aLTOV, EMTA
£TN €0TL KOl OLETITA OTAYVEG Ol AeTtTOL KAl
Avepo@Bopol, EMTA ETN 0TI E0OVTALETITA
£Tn Alpod. To &€ pApa 6 elpnka dapaw, 6oa 6
@eog Tolel, £6e1&e T Papaw. 1600 EMTA ETN
gpyeTaLeLOnvia TOAAR v Ttaon yi AlyumTou.
‘HEe1 8¢ emTa €Tn Atod peta tadta: kat ETUAR-
oovTal TAg TANOHOVAG TAG €00HEVNG €V OAN
AlyUmTw: Kal AvaAwoet 0 Atog Thv yAv. Kal
oUK ETilyvwoBnoeTal ) bONVia EMi TAG yAG Ao
To0 Alpod To0 €00pEVOL HETA TADTA: lOYLPOG
yap €oTtato@odpa. Mepl 6e Tob Sevtepoal
TO €vUTIVIOV Papaw big, OTLAANBEG EoTal TO
PAHa TO apa 100 O€0D- kal TayLVET O Oe0¢
100 motfjoat abto. Nov obv okéal GvBpwTiov
(PPOVILOV KAl CLUVETOV, KAl KATACTNOOV AVTOV
emtiyng Atyumtou. Kai motnodtw ®apaw kai
KATAoTNOATW TOTApYag €Tl TAG YAG: Kal
ATOTIEUMTWOATWOAV TTAVTA TA YEVVAHATA TAG
yNG AlyOTtTou TQV ETTA €TV TAHG €0ONViag, Kal
oLVAYAYETWOAV TTAVTA TA BPWHATA TRV ETITA
ETOV TV EPYOUEVWV TWV KAADY TOUTWV- Kal
ouvayBNTw O ottog Lo yelpa Papaw- pw-
HaTa év Tdlg TOAeot uAaOrTw. Kal éoTtal Ta
BpwpaTa Ta ME@LAAYUEVA T Y €l¢ TA ETTTA
£€1n 100 Ao0, a EcovTtal €v yi] AlyvuTiTou, Kal
oLk éxTpIRnoeTaLn yi év T Aip®.'Hpeoe 8¢ 10
pAua évavtiov @apaw, Kal vavTiov TavTwy
TV matdwv avtod....

€€NABe &€’ lwong amno mpoowTov Papaw,
kai S17ABe aoav yAv Alyorttou. Kai émoinoev
N yn €V 101G eMTa €TEOL TAG €VONViag Spay-
pata. Kat ouvryaye mavta 1a Bpupata TV
ETTTA ETQV, €V 0l AV 1 €0OnVvia v TR v Alyv-
TITOU: Kal £0nKe TA BpwHATA €V TAIG TIOAECL:

UNDERSTANDING CLIMATE: GIFTS FROM THE NILE

English text continued

when there won’t be enough grain. Itis justasI
said—God has shown what he intends to do. For
seven years Egypt will have more than enough
grain, but that will be followed by seven years
when there won’t be enough. The good years
of plenty will be forgotten, and everywhere in
Egypt people will be starving. The famine will
be so bad that no one will remember that once
there had been plenty. God has given you two
dreams to let you know that he has definitely
decided to do this and that he will do it soon.
Your Majesty, you should find someone who is
wise and will know what to do, so that you can
put him in charge of all Egypt. Then appoint
some other officials to collect one fifth of every
crop harvested in Egypt during the seven years
when there is plenty. Give them the power to
collect the grain during those good years and
to store it in your cities. It can be stored until
itis needed during the seven years when there
won’t be enough grain in Egypt. This will keep
the country from being destroyed because

of the lack of food. The king and his officials
liked this plan....

For seven years there were big harvests
of grain. Joseph collected and stored up the
extra grain in the cities of Egypt near the fields
where it was harvested. In fact, there was so
much grain that they stopped keeping record,
because it was like counting the grains of sand
along the beach....

Egypt’s seven years of plenty came to an
end, and the seven years of famine began, just
as Joseph had said. There was not enough food
in other countries, but all over Egypt there was
plenty. When the famine finally struck Egypt,
the people asked the king for food, but he said,

“Go to Joseph and do what he tells you to do.”
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Al. The Bible, Genesis 41 continued
Greek text continued

BpwpaTa TWV TEdIWVY TAC TTOAEWG TWV KUKAW
auTAg £€BnKev ev auTi). Kal cuvnyayeviwonge
ottov woel THV appov thg Bardoong moAvv
0@6dpa, Ewg oLK NBUVATO AplOUNOAval, ol yap
AV AplOpAG....

MNapAABov 6¢ Ta emta £1n TAg e0ONviag, &
£YEVoOVTO €V TQ] Y AtyuTttou. Kai Ap&§ato ta
€TTa €1 100 AipoD £pyeoBal, kaba eimev
lwor - kal €yEveTo ALOG €V Ttdon Th yi- €V 6¢€
ntdon T v AtyOmttou Aoav dpTtot. Kai émetvaoce
maoa f yn Alyomitou: £kpage 6¢ 0 A\aog pog
dapaw epl dpTwv- gie 5¢ apaw mdot
Tolg AtyuTtTiolg, mopeLeoBe TiPOG lwon e, Kal
& £Q gl Oy, motoate. Kal & Aipodg Av e
TIPOOWTIOL TIAONG TAG YAG- AVEWEE e lwon P
Tavtag TouG olITofoAQvag, Kal ETTWAEL TIACL
Tol¢ Atyuttiolg. Kal moat ai y@pat AABov ig
Alyumtoy, dyopaletv ipoglwor|p- €mekpAtnoe
yap O Aipog év maon T Yo
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English text continued

The famine became bad everywhere in Egypt,
so Joseph opened the storehouses and sold the
grain to the Egyptians. People from all over the
world came to Egypt to buy grain, because the
famine was so severe in their countries.
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A2. Herodotus, The Histories, Book 2, Chapter 109

Greek original©?

katavelpal ¢ v xwpnv Atyurtiolol anaoct
To0ToV éAeyov TOV BaciAéa [Z€owaoTpy],
kANpov ooV £kAoTw TETpAYywVoV S16ovTa, Kal
amo ToUTOU TAG TPOCdSoULG TTotoacBay, £T-
TAZAVTA ATTOPOPNV ETUTEAEELY KAT EVIAUTOV. €l
6 TIVOG ToD KANPOL O TTOTANOG TLTIAPEAOLTO,
EABWV Qv TIPOG ALTOV ECNHALVE TO YEYEVN-
HEVOV: O O€ ETEUTIE TOUG ETILOKEYOUEVOUG
Kal AVapeETPRooVTAG 00w EAACOWV O YWPOG
YEyove, Okwg ToD Aotmod kaTa Adyov Thg
TETAYHEVNG ATTOPOPNG TEAEOL HOKEEL OE poL
€vBelTEV YeWNETPIN eLpeBeToa £ THVEAAASA
emaveABelv: TOAoV peV yap kal yvwpova kal Ta
Suwdeka pEpea TAG NUEPNG TTapa BaBuAwviwv
gnabov ol EAANveG.

English translation by A. D. Godley**

This king [Sesostris, c. 2000 BC] also (they
said) divided the country among all the Egyp-
tians by giving each an equal parcel of land,
and made this his source of revenue, assessing
the payment of a yearly tax. And any man who
was robbed by the river of part of his land
could come to Sesostris and declare what had
happened; then the king would send men to
look into it and calculate the part by which
the land was diminished, so that thereafter it
should pay in proportion to the tax originally
imposed. From this, in my opinion, the Greeks
learned the art of measuring land; the sunclock
and the sundial, and the twelve divisions of
the day, came to Hellas from Babylonia and
not from Egypt.
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A3. Aristotle, Metaphysics, Book 1, Section 981b

Greek original©®

TO pEV 00V TPQTOV £iKOG TOV OTIOLAVOTV
€LPOVTA TEYVNV TIAPA TAG KOWVAG aloBroeLg
BaupalecBat LTIO TOV AVOPWTIWY PN LOVOV
51 10 Ypriotpov elval Tt TV evpeBEVTWY
AAN WG coov kal dlapépovta TOV AAAWV:
TIAELOVWV &' EVPIOKOUEVWY TEXVRV Kal TV
HEV TTPOG TAvVayKala TWV 6€ TTPOG dlaywynv
0VOQV, AEL COPWTEPOLG TOUG TOLOUTOUC EKEI-
vwv bTToAapBavecBat d1a To pn mpog yphHov
elval Tag Mo TARAg aLT@V. 60ev AdN TTAvTWY
TV TOLOUTWY KATECKEVATHEVWY Al U TTPOC
ndovnv Unde mpog Tvaykaia TOV EMmoTNUOV
eupEBNOay, Kal TPETOV £V TOVTOLG TOIG TOTIOLNG
ol mpQTOV oyOAaoav: 516 tept Alyuritov ai
HaBNUATIKAL TIPOTOV TEY VAL CUVECTNOAY, EKET
yap ageidn oxoAalewv 10 TV lepEwv £Bvog.

English translation by A. D. Godley°¢

It is therefore probable that at first the
inventor of any art which went further than
the ordinary sensations was admired by his
fellowmen, not merely because some of his
inventions were useful, but as being a wise
and superior person. And as more and more
arts were discovered, some relating to the
necessities and some to the pastimes of life, the
inventors of the latter were always considered
wiser than those of the former, because their
branches of knowledge did not aim at utility.
Hence when all the discoveries of this kind
were fully developed, the sciences which relate
neither to pleasure nor yet to the necessities
of life were invented, and first in those places
where men had leisure. Thus the mathematical
sciences originated in the neighborhood of
Egypt, because there the priestly class was
allowed leisure.
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A4. Diodorus Siculus, Bibliotheca Historica, Book 1, Chapter 36, Section 11

Greek original®”

514 8¢ TV aywviav THv €k TAg avaBacewg
100 motapol yvopEvnV KaTeoKeDAOTAL
NellookoTelov UTO TWV BACIAEWV €V TH)
Mep@et: €V ToUTw &€ TNV avaBaaoty akppig
EKPETPODVTEG Ol TNV TOUTOL SlolkNaLY £XOVTEG
££ATTOOTEANOLCLY £1G TAG TIOAEIG £TIIOTOAAG,
dlacagoivteg moooug mAYELS fi SakTVAOUG
avafEBnKkev O TOTANOG KAl TTOTE THV ApXNV
memoinTal TG EAATTWOoeWG. d1a &€ 100 TOI-
oUToUL TPOTIOU TAG HeV Aywviag AmoAveTal
TG 0 Aadg, mMLBOHEVOC TNV TAG ALENCEWG
elg TovvavTiov peTaBoAny, 10 6¢ TARBOG TMOV
€00HEVWV KAPTIWV EVBVG ATIAVTEG TIPOETIEYVW-
KAOLY, £K TTOAAQV XpOVWV TNG TapaTnpnoewg
TAUTNG TTaPA TOIG AlyuTtTiolg akplBig
AVAYEYPALHEVNG.

English translation by A. D. Godley'°®

And because of the anxiety occasioned by
the rise of the river the kings have constructed
anilometer at Memphis, where those who
are charged with the administration of it
accurately measure the rise and despatch [sic]
messages to the cities, and inform them exactly
how many cubits or fingers the river has risen
and when it has commenced to fall. In this
manner the entire nation, when it has learned
that the river has ceased rising and begun to fall,
is relieved of its anxiety, while at the same time
all immediately know in advance how large the
next harvest will be, since the Egyptians have
kept an accurate record of their observations of
this kind over along period of terms.
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A5. Strabo, Geography, Book 17, Chapter 1, Section 48

Greek original'®®

N 6¢ Zunvn kai ’'EAe@avtivn ) pev M v
Opwv TG AiBloTtiag kal THg AlyOTTou TTOAL, 1
& év 1@ Neldw mpokelevn TAg Zunvng vijoog
EVNULOTAdIW Kal v TalTN TTOALG £xouoa lepov
Kvoupidog kal velhopeTploy, kabamep Mep@lc.
£0TLOE TO VELNOPETPLOV CLVVOHW AlBW KaTe-
okevacopEvov el Tf) 6xOn Tod Nethou ppeap,
év © Ta¢ avaBdaosic Tod Neilou onpetodbvtat
TAG peyloTag Te Kal éAayioTag kal Tag Heoag:
ouvavaBaivel yap kai cuvtamnelvodTal T
TOTAP® TO £V TR @péati dwp. eiolv 0dv év
TQ Tolyw ToD Ppéatog mapaypagai, HETpa
TV TeEAelwvV Kal TV AAAWV avaBacewv: ETT-
okomo0vTEG 00V TalTAC Slacnuaivouot Toig
aAMNotg, OTwg eldeiev: mpo moAAoD yap loaotv
€K TV TOLOVTWV ONUEIWV Kal TOV NUEPDV TNV
goopevnv avapaoty kai mpodnAodol. To0To b
Kal TOTG YEWPYOIG X PNOIHOV THG TV LEATWV
TapLlelag YapLv Kal TapaywHATwY Kat SiwpLywv
Kal GAAWV TOLOVTWV, KAl TOIG YEHOOL TV
TPooOdwV Yaptv: aiyap pelfoug avaBacelg
nelfoug kal TG TPOCOdOLE LTIAYOPEVOVTLY.

English translation by H. C.
Hamilton and W. Falconer'®

Syene is a city situated on the borders of
Ethiopia and Egypt. Elephantina is an island
in the Nile, at the distance of half a stadium
in front of Syene; in this island is a city with a
temple of Cnuphis, and a nilometer like that
at Memphis. The nilometer is a well upon the
banks of the Nile, constructed of close-fitting
stones, on which are marked the greatest, least,
and mean risings of the Nile; for the water in
the well and in the river rises and subsides
simultaneously. Upon the wall of the well are
lines, which indicate the complete rise of the
river, and other degrees of its rising. Those who
examine these marks communicate the result
to the public for their information. For it is
known long before, by these marks, and by the
time elapsed from the commencement, what
the future rise of the river will be, and notice is
given of it. This information is of service to the
husbandmen with reference to the distribution
of the water; for the purpose also of attending
to the embankments, canals, and other things
of this kind. It is of use also to the governors,
who fix the revenue; for the greater the rise
of the river, the greater it is expected will be
the revenue.
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AG6. Arrian of Nicomedia, Anabasis of Alexander, Book 5, Chapter 6, Section 5

Greek original™!

Alyurttov 1e'Hpd60106 Te kal'Ekatalog ol
Aoyortiolol, A €1 6 Touv GAAou f{'EkaTaiov €0Ti TA
auel T v T Atyurttig mopata, S@pov te Tod
TOTANOD APEOTEPOL WOAVTWG OVORALOLTLY
kal 00K APaLPOTg TeKpNplolg OTLTAVT) EXEL
‘HpoboTw emibedeiktal, wg kal TRV yiv adTnv
TUXOV TOD TTOTANOD Elval ETIWVUHOV.

English translation by E. J. Chinnock'?

Both Herodotus and Hecataeus the his-
torians (unless the work about the Egyptian
country is by another person, and not by Hec-
ataeus) in like manner call Egypt a gift of the
river; and Herodotus has shown by no uncer-
tain proofs that such is the case; so that even
the country itself perhaps received its name
from the river.
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A7. Pliny the Elder, The Natural History, Book 5, Chapter 10, Sections 57-59

Latin original'®®

Incipit crescere luna nova, quaecumque post
solstitium est, sensim modiceque cancrum sole
transeunte, abundantissime autem leonem,
et residit in virgine isdem quibus adcrevit
modis. in totum autem revocatur intra ripas in
libra, ut tradit Herodotus, centesimo die. cum
crescit, reges aut praefectos navigare eo nefas
iudicatum est. auctus per puteos mensurae
notis deprehenduntur. iustum incrementum
est cubitorum XVI.

minores aquae non omnia rigant, ampliores
detinent tardius recedendo. hae serendi
tempora absumunt solo madente, illae non
dant sitiente. utrumque reputat provincia. in
XII cubitis famem sentit, in XIII etiamnum
esurit, XIIII cubita hilaritatem adferunt, XV
securitatem, XVI delicias. maximum incre-
mentum ad hoc aevi fuit cubitorum XVIII
Claudio principe, minimum V Pharsalico
bello, veluti necem Magni prodigio quodam
flumine adversante. cum stetere aquae, apertis
molibus admittuntur. ut quaeque liberata est
terra, seritur. idem amnis unus omnium nullas
exspirat auras.

Dicionis Aegyptiae esse incipit a fine Aethio-
piae Syene; ita vocatur paeninsula M passuum
ambitu, in qua castra sunt, latere Arabiae, et ex
adverso insula est ITII, Philae, DC p. a Nili fis-
sura, unde appellari diximus Delta. hoc spatium
edidit Artemidorus et in eo CCL oppida fuisse,
Tuba CCCC p., Aristocreon ab Elephantide ad
mare DCCL. Elephantis insula intra novissi-
mum catarracten IIII p. et supra Syenen XVI
habitatur, navigationis Aegyptiae finis, ab Alex-
andria DLXXXYV p.: in tantum erravere supra

English translation by J.
Bostock and H. T. Riley'*

The Nile begins to increase at the next new
moon after the summer solstice, and rises
slowly and gradually as the sun passes through
the sign of Cancer; it is at its greatest height
while the sun is passing through Leo, and it falls
as slowly and gradually as it arose while he is
passing through the sign of Virgo. It has totally
subsided between its banks, as we learn from
Herodotus, on the hundredth day, when the
sun has entered Libra. While it is rising it has
been pronounced criminal for kings or prefects
even to sail upon its waters. The measure of its
increase is ascertained by means of wells. Its
most desirable height is sixteen cubits; if the
waters do not attain that height, the overflow is
not universal; but if they exceed that measure,
by their slowness in receding they tend to
retard the process of cultivation. In the latter
case the time for sowing is lost, in consequence
of the moisture of the soil; in the former, the
ground is so parched that the seed-time comes
to no purpose. The country has reason to make
careful note of either extreme. When the water
rises to only twelve cubits, it experiences the
horrors of famine; when it attains thirteen,
hunger is still the result; a rise of fourteen
cubits is productive of gladness; a rise of fifteen
sets all anxieties at rest; while an increase of
sixteen is productive of unbounded transports
of joy. The greatest increase known, up to the
present time, is that of eighteen cubits, which
took place in the time of the Emperor Claudius;
the smallest rise was that of five, in the year of
the battle of Pharsalia, the river by this prodigy
testifying its horror, as it were, at the murder
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A7. Pliny the Elder, The Natural History, Book 5, Chapter 10, Sections 57-59 continued

Latin original continued English translation by J. Bostock and H. T. Riley continued
scripti. ibi Aethiopicae veneunt naves; namque of Pompeius Magnus. When the waters have
eas plicatiles umeris transferunt, quotiens ad reached their greatest height, the people open
catarractas ventum est. the embankments and admit them to the

lands. As each district is left by the waters, the
business of sowing commences. This is the only
river in existence that emits no vapours.
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A8. Photius, Myriobiblon or Biblioteheca, Life of Pythagoras

Greek original'®

‘OTL0l £TOLAL TIVEOLOL KATA TOV KALPOV
To0D akpaloTatou Bpoug &L aitiav TolavTnv.
‘O ALOG HETEWPOTEPOG KAl ATIO TWV HETT -
Bplviv TOMWVY APKTIKWTEPOC YIVOUEVOG AVEL
TA LYPA TA €V TAIG ApKTOLG- AUOHEVa &€ TadTa
e€aepoltal, e€aepolpeva de vevpatoltal,
Kal €K TOUTWV yivovTal ol £TcLal AVEHOL....
Exel 6 TadTa €KQEPOUEVA TIPOOTIUTTEL TOIG
oynAotdrolg dpect TG AiBloTiag, kal ToAAa
Kal aBpoa yvopeva amepydletatl VETOVG: Kal
€K TOV LETOV TOLTWV O NETAOG TTANUHLPET
100 B€poug, Ao TWV HeonpuPpvv kat Enpiv
TOTIWV pEwv. Kai To0to AploToTeéANg Empay-
HATEVOATO- ALTOG YApP ATIO TAC PUOEWCS EPYW
KATEVONOEY, Aglwoag e at AAEEavdpov TovV
Makedova eig €keivoug TOUG TOTIOUC Kal OYEL
TV aitiav TAg 100 Ne{dov avgnoewg mapa-
AaBeiv. Ad enolv wg To0To OVKETLTIPORANUA
€0TIV- WPON yap pavep®g OTLEE LETWV ADEEL
Kal <AveTtar> 10 mapddogov, <OTL> €V 101G
Enpotatolg témolg Thg Aiblomiag, év oig olte
XEWHLWV oUTe LOWP €0Ti, EupBaivel ToD BEpoug
TAe(oTOUG UETOVG YiveaBal.

English translation by Koutsoyiannis
and Mamassis'®

The Etesian winds [i.e., monsoons] blow
during the peak of the summer for this reason:
The sun, at the zenith passing from south to
north, disintegrates the moisture from the
arctics and once this moisture is disintegrated,
it evaporates and gives rise to monsoons....
When they reach the high mountains of Ethio-
pia and concentrate there, they produce rains.
These rains in full summer cause the flood of
the Nile and make it overflow, while it flows at
the northern arid regions. This was analyzed
by Aristotle, who, by the superiority of his
mind, understood it. He demanded to send
Alexander of Macedonia to these regions, and
to find, by sight, the cause of the flooding of the
Nile. That is why they say there is not a prob-
lem anymore. It became apparent by sight that
the flow is increased by these rains. And this
solved the paradox that in the driest Ethiopian
[i.e., African] places where there is no winter
nor rain, it happens that in the summer strong
rainfalls occur.
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A9.Abd al-Latif al-Baghdadt (also known as Abdallatif)

French text from De Sacy'”
Evénements de l'an 597,

Dans cet état de choses, I'an-
née 597 s'annonca comme un
monstre dont la fureur devoit
anéantir toutes les ressources
de lavie et tous les moyens de
subsistance. On ne conservoit
plus aucun espoir de la crue du
Nil; et en conséquence, déja le
prix des denrées s’étoit élevé ;
les provinces étoient désolées
par la sécheresse : les habitans
prévirent une disette inévitable
et la crainte de la famine excita
parmi eux des mouvements
tumultueux. Les habitans des
villages et des campagnes se
retirerent dans les principales
villes des provinces : un grand
nombre émigrerent dans la
Syrie, le Magreb, le Hedjaz et le
Yémen, ot ils se disperserent de
cOté et d’autre, comme autre-
fois les descendans de Saba. I1
y en’ eut aussi une multitude
infinie qui cherchérent une
retraite dans les villes de Misr
et du Caire, ou ils éprouverent
une famine épouvantable
et une affreuse mortalité :
car, lorsque le soleil fut entré
dans le signe du belier, lair se
corrompit, la peste et une con-
tagion mortelle commencerent

Greek text, Abd al-
Latif al-Baghdadr'®

TO Tpipa 10 devTepOV TiEpL
TV OUPPBAVTWY KATA TO £TOG
£BGopov kal EVvevnKooTov Kal
TIEVTAKOOLO0TOV

Kal eloqABev 10 £Tog €TTA
(tod AéovTOog), APTIAKTIKOV
elg Ta¢ éxpavoelg TAg (wig.
MpaypatianeyontelOn 6 Aaog
£k TAg avgnoewg Tob Nellou
kal avuywBnoav al Tipat kat
€0TepnOn V&atog ) Ywpa Kkat
noBaven 6 Aaog avTtig TRV
andyvwolv kai to0to [AT0]
atpooaipa @ofou ePL TAYV
metvav. Kal katépuyov ol
KATOIKOL TWV Ywplwv Kal TAG
uTtaiBpou TPOG TAG HNTPO-
TIOAELC KAl HETAVACTELTAV
ToAAOL €€ abT@V TIPOG TO Zoap
(Zuplav) kai 1o Maypepm kal
1O Xeyyadl kal TV Yepevny kal
dleomdapnoav eig TNV Ywpav
wg ol émiyovol Tod Tafa kai
SieakopmioOnoav (eig) TARpn
dlaokopTiiopov kal eloiABev
elg 10 Kdipov kal thv Meop
(dwotdtnv) £§ aut®OV Aadg
moAvdptBpog. Kal evetadn eig
avToUG ) TTETVA KAl ETIETIECEV
£ a0T@V 6 BavaTog kai katd
TNV katapaoctv Tod nAlouv €ig
TOV Kplov €poAovOn 6 anp kai
EMETEOTEV N ETUONMia Kal TO

English translation by authors

The second part about the
events in the year 597.

And entered the year seven
(of the lion), predatory in the
manifestations of life. Indeed,
the people were disillusioned
by the rise of the Nile and the
prices were raised and the
country was deprived of water
and its people felt despair and
this [was] an atmosphere of
fear about hunger. And the
inhabitants of the villages
and the countryside fled to
the metropolises and many
of them migrated to Sham
(Syria) and the Maghreb and
the Hedjaz and Yemen and
they dispersed in the land like
the descendants of Saba and
were dispersed (in) complete
dispersion and a large number
of them entered into Cairo and
Misr. And famine came upon
them, and death fell upon
them, and when the sun had
entered the sign of Aries, the
air was polluted, and epidemy
and death fell upon them. And
the famine was spread among
the poor, so that they would
eat the carrion and the dead
and the dogs and the excre-
ment and dung of animals.
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a se faire sentir ; et les pauvres,
pressés par la famine qui alloit
toujours croissant, mangerent
des charognes, des cadavres,
des chiens, les excrémens et la
fiente des animaux.

Ils allerent plus loin, et en
vinrent jusqu’a manger de
petits enfans. Il n’étoit pas rare
de surprendre des gens avec de
petits enfans rétis ou bouillis.
Le commandant de la garde de
laville faisoit briler vifs ceux
qui commettoient ce crime,
aussi-bien que ceux qui man-
geoient d’un tel mets.

J’ai vu moi-méme un petit
enfant réti dans un panier. On
I’apporta chez le prévot, et
on amena en méme temps
un homme et une femme qui,
disoit-on, étoient le pere et la
mere de 'enfant : le prévot les
condamna a étre briilés vifs.

Au mois de ramadhan, on
trouva a Misr un cadavre dont
on avoit enlevé toute la chair
pour la manger, et qui étoit
resté les jambes liées, comme
un mouton que des cuisiniers
lient pour le faire cuire.

Greek text, Abd al-Latif al-Baghdadt
continued

Bavatikov. Kat évetadn eig
TOUC TITWYOUG I TTETVA, WOTE VA
TPWYOULV TOLG TtEBapEvoug Kal
Ta Yopipla kai Tobg kuvag Kai

THV KOTIPLAV Kal Tag KaBaAivag.

Katoémv ouveéyioav todTto
HEXPLG OTOL wdnynBnoav
TPOG HIKPOUG LioLG ToD Adap
(nikpolg avBpwroug, tatdla).
Kal ouyvakig avto 16 6moiov
ETUYYAVEV TIG ETT ALTQV, TO VA
gxouv palf Twv pikpa (tatdia)
eynuévan BeBpaopéva. Kai
SlETagev O KTNTWP TS PUAAZEWS
TNV kabolv Tod mpagavtog
Tolo0TO Kai Tod ¢0BiovToc.

Kai eidov pikpov éynpévov
elg kaAaBov ka®’ 6oov mpay-
HaTLETapouoLaodn eig Tov
oikov To0 BaAf kal pet’ adtod
avnp kal yovn. loxupioBn o
KOopog, dtLoi Svo [Roav] ol
YOVETg Tou, omoTe Siétagev (O

BaAfg) TNV kadov ApeOTEPWV.

Kal ebp€On kata 10 papa-
¢aviov ig TV Alyumtov
avBpwmog, Tod omoiou
Tpaypatt aneyuvpvwonoav
TA OOTA €K TNG OAPKOG Kal
£aywon kal TapePeLVeY O
Buwpag wg kapvouy ol payetpot
HE TOV AUVOV.
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English translation by authors
continued

Then they continued this
until they went so far as to eat
the little sons of Adam (little
people, children). And it was
frequent that they have with
them little (children) baked
or boiled. And the owner of the
ward (commander of the city)
ordered the burning of him
who committed this and him
who ate such a dish.

And I myself saw a little one
baked in a basket, as indeed
appeared in the house of the
wali [governor], along with a
man and a woman. The world
became convinced that the
two [were] his parents, so
he (the wali) ordered the
burning of both.

And a man was found during
Ramadan in Egypt, whose
bones were indeed stripped
from the flesh which was eaten,
and the chest remained as the
cooks do with the lamb.
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A10. Ancient Information Quoted by Toussoun (1925)

French text by Toussoun'?®

p. 455

Enlan 278 de ’'Hégire (891 apres J.-C.), le
sage et docte Aboul Farag, fils d’El-Djouzi, dit
que le Nil d’Egypte se cacha dans la terre, au
point qu’il n’en resta rien; ce que 'on n’avait pas
encore vu ni avant ni depuis I'Islam.

Enl'an 333 de ’'Hégire (944 apres J.-C), il
ne restait plus d’anciennes eaux dans le bassin
du Méqyas, et 'on ne put prendre la hauteur du
fleuve, avant la crue, que sur larive du coté de
Gizeh. Celte année, ’eau monta a 14 coudées
16 doigts; ensuite elle baissa, et pendant neuf
années consécutives, la crue ne parvint pas une
seule fois 4 16 coudées; ensuite elle baissa, et
pendant neuf années consécutives, la crue ne
parvint pas une seule fois a 16 coudées.

. 477

En 'an 761 de ’'Hégire (1360 apres J.-C.),
quand on prit la hauteur des anciennes eaux,
on trouva 12 coudées, et il y eut ouafa desle 6
Misra; selon Magqrizi, dans ses Khitat, la crue,
cette année, fut de vingt-quatre coudées, ce que
quelques-uns ont contesté; mais le témoignage
de Maqrizi est confirmé par le sheikh Djelal
el-Din el-Soyouti, qui, dans son livre intitulé
Kaoukeb el-Rodah, atteste que « cette année,
le Nil crit d’environ vingt-quatre coudées,
comme le dit Maqrizi », et cela, sous le regne
d’El-Malik el-Nacer Hassan fils de Mohammed
fils de Qalaoun, qui ordonna que I'on cesserait
de proclamer la hauteur de la crue, parce que
I'on craignait une inondation générale. Les
grandes eaux se soutinrent ainsi, sans diminuer,
jusqu’au 25 Baba, ce qui causa une extréme
désolation parmi le peuple. La chaussée du

English translation by authors

In the year 278 of the Hegira (891 AD),'*° the
wise and learned Aboul Farag, son of El-Djouzi,
said that the Nile of Egypt was hidden in the
earth, to the point that nothing remained of
it; something that had not been seen before or
since Islam.

In the year 333 of the Hegira (944 AD),'*
there were no longer any ancient [former]
waters'?? left in the basin of the nilometer, and
the height of the river could be taken before
the flood only on the shore of the Giza side.
That year, the water rose 14 cubits 16 fingers;
then it fell, and for nine consecutive years the
flood never once reached 16 cubits.

In the year 761 of the Hegira (1360 AD),'*
when we took the height of the ancient waters,
we found 12 cubits, and there was wafa'?* from
the 6th Misra;'*® according to Magqrizi, in his
Khitat, the flood this year was twenty-four
cubits, which some have disputed; but Maqrizi’s
testimony is confirmed by Sheikh Djelal el-Din
el-Soyouti, who, in his book entitled Kaoukeb
el-Rodah, attests that “this year, the Nile grew
by about twenty-four cubits, as Maqrizi says,”
and that, under the reign of E1-Malik el-Nacer
Hassan son of Mohammed son of Qalaoun, who
ordered that one would cease to proclaim the
height of the flood, because one feared a general
flood. The high waters continued thus, without
diminishing, until the 25th of Baba,'** which
caused extreme desolation among the people.
The Fayoum causeway became impassable, the
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French text by Toussoun continued

Fayoum devint impraticable, les jardins de

I'ile de I’Eléphant furent submergés, ainsi que
les chemins de Shoubra et d’El-Minieh. Les
eaux s’étendirent jusqu’aux premieres maisons
d’El-Husseinieh : elles encombrerent les

puits, s’ouvrirent un passage par le bassin de la
mosquée de Hakem, et détruisirent plusieurs
habitations de I’ile de Rodah, qui finit par étre
entierement submergée. Elles intercepterent
en plusieurs endroits le chemin de Boulag, et
renverserent un grand nombre de maisons.
Cette affreuse inondation subsista dans toute
saforce jusqu’a la fin de Baba; jamais on n’en
avait vu de pareille en Egypte ni avant ni depuis
I’'Islam. Le peuple se rendit au désert et invoqua
Dieu pour la diminution des eaux: ce méme jour
elles diminueérent, en effet, de quatre doigts.
Ces grosses eaux furent suivies de la peste, qui
ravagea toute I’Egypte.

p. 480

Enl’an 807 de ’'Hégire (1404 apres J.-C.), le
Nil fut a sec, si bien qu'on le traversait a gué, et
I’'on passait ainsi du Caire a Gizeh. La hauteur
de anciennes eaux ne fut que de 1 coudée 10
doigts; on la prit du coté de Gizeh; ensuite le
fleuve criit et parvint aux termes du ouafa; mais
il ne monta guére an dela. C’était sous le regne
d’El-Nacer Farag, fils de Barqoug.
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English translation by authors continued

gardens of Elephant Island were submerged,

as well as the paths of Shoubra and El-Minieh.
The waters spread as far as the first houses of
El-Husseinieh: they blocked the wells, opened
a passage through the basin of the mosque

of Hakem, and destroyed several dwellings

on the island of Rodah, which ended up being
completely submerged. They intercepted the
road to Boulaq in several places and overthrew
alarge number of houses. This dreadful inun-
dation continued in full force until the end of
Baba; never had the like been seen in Egypt
before or since Islam. The people went to the
desert and invoked God for the reduction of the
waters: that same day they decreased, in fact, by
four fingers. These great floods were followed
by the plague, which ravaged all of Egypt.

In the year 807 of the Hegira (1404 AD),'?’
the Nile was dry, so that one crossed it with
ford, and one thus passed from Cairo to Gizeh.
The height of ancient waters was only 1 cubit
10 fingers; they took it from the side of Gizeh;
then the river grew and reached the limits of
the ouafi; but he scarcely ascended further.

It was under the reign of El-Nacer Farag,
son of Barqougq.
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Appendix B: Additional Chart Sources

Chart 2:

Chart 3:

Chart 4:

Chart 5:

Chart 6:

Chart 7:

Chart 10:

The origin of the rainfall data is the NCEP/NCAR Reanalysis 1 by the National Centers for Environmental Prediction (NCEP) and the National
Center for Atmospheric Research (NCAR), which are publicly available and were retrieved through the climexp platform (http://climexp.knmi.
nl/). Also, see E. Kalnay et al., “The NCEP/NCAR 40-Year Reanalysis Project,” Bulletin of the American Meteorological Society, \ol. 77, (1996),
op. 437-472.

Bell (Fig. I) and Said (Fig. 2.15) after digitization. B. Bell, “The Oldest Records of the Nile Floods,” The Geographical Journal, Vol. 136, No. 4
(1970), pp. 569-573, and R. Said, The River Nile: Geology, Hydrology and Utilization (Oxford, UK, Pergamon Press, 1993).

Said, The River Nile: Geology, Hydrology and Utilization, p. 145, and R. Lepsius, Letters from Egypt, Ethiopia, and the Peninsula of Sinai (London:
Henry G. Bohn, 1853), pp. 509 and 510.

For each measurement, the year of reign of the respective pharaoh was taken from Ventre Pacha, “Crues modernes et crues anciennes du

Nil,” Zeitschrift fir Agyptische Sprache und Altertumskunde, Vol. 34, No.l (1896), pp. 95-107, https://archive.org/details/zeitschriftfr3dbrug/
page/94/ (accessed October 3, 2024). To infer the dating of each measurement (red dot) the years of reign of the kings were taken from
Wikipedia. Additional information was taken from G.PF. Broekman, “The Nile Level Records of the Twenty-Second and Twenty-Third Dynasties
in Karnak: A Reconsideration of Their Chronological Order,” The Journal of Egyptian Archaeology, Vol. 88 (2002), pp. 163-178. The datum of the
graph of 72 meters above sea level is the ground level of the temple at about 700 BC (Said, Fig. 2.24).

The origin of the data is O. Toussoun, Mémoire sur I'Histoire du Nil, Vol. 2, Imprimerie de Linstitut Francais D’Archéologie Orientale, Cairo, Egypt,
1925, https://archive.org/details/MIE_9/ (accessed October 3, 2024), while D. Koutsoyiannis, “Hydrology and Change,” Hydrological Sciences
Journal, Vol. 58, No. 6 (2013), pp. 1177-1197, has made the record available online (https;//www.itia.ntua.gr/1351/).

Before 1965: Global Runoff Data Centre (GRDC). After 1965: K.G. Wheeler et al., “Understanding and Managing New Risks on the Nile with the
Grand Ethiopian Renaissance Dam,” Nature Communications, Vol. 11, No. 1(2020), p. 5222, (Fig. 2 after digitization).

Estimated entropic dimensions d_ (¢) versus length scale ¢ for embedding dimensions m =1to 8 calculated from the series of standardized
monthly flows of Nile assuming time lag 6. D. Koutsoyiannis and A. Georgakakos, “Lessons from the Long Flow Records of the Nile:
Determinism vs. Indeterminism and Maximum Entropy,” 20 Years of Nonlinear Dynamics in Geosciences, conference in Rhodes, Greece,
June 2006, https:;//www.researchgate.net/publication/266343449 _Lessons_from_the long_flow_records_of the Nile_Determinism_vs_
indeterminism_and_maximum_entropy (accessed October 3, 2024).
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The information for the year 891 AD is not verified in the nilometer record, in which a minimum level of 5 cubits 17 figures is registered. However, low
minima are registered in years 879 and 880 (1 cubit 11 fingers).

Probably it means 945 AD as the low-level measurement was taken before June 945, corresponding to the month Dhu al-Qidah of year 333 of the
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