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Pepper –widely used,  but rarely
found (in archaeological evidence)
Apicius (ca. 400 CE): 478 recipes, 369 with pepper

Dolium with 7.5 kg pepper,
Port of Berenike in Egypt

Pepper pot from the Hoxne Hoard
(England, 5th cent. CE)



A ship coming from Muziris with a very valuable
cargo (138 t pepper, 60 boxes of nard) 
(ÖNB, P. Vindob. Graec. 40822, SB XVIII 13167)



Through the
Monsoon…

50 days 90-120 days

50 days



Archaeological evidence: garnet from India via 
Byzantium to Merovingian graves, 5th-7th cent. CE

Pieces with garnet from India

Warrior of Planig (Rheinland-
Pfalz), early 6th cent. CE



The burial ground of Aschheim in Germany: 
Coral and cowrie shells from the Red Sea, 
plague bacteria in the bones and teeth

Lancet Infect Dis. 2014, 14: 319–326



Palaeogenetic tests shows where 
the bacterium came from



The Fall of Rome, climate and
disease – an old debate

2nd edition, 2014



Ellsworth Huntington, 1915/1917:  „many of the great
nations of antiquity had risen or fallen in harmony with
favorable or unfavorable conditions of climate“

Ellsworth Huntington (1876-1947)



William Henry Samuel Jones (1876–
1963) and Malaria, 1907

„It is not pretended,
that malaria was the
sole cause, but it is
certain, that the
disease gave full
scope to other
disintegrating factors.
(…) Malaria made the
Greek weak and
inefficient; it turned
the sterner Roman
into a bloodthirsty
brute.“ (p. 85)

2002



J. Donald Hughes (1933-2019), 1975: 
„An environmentalist movement did not exist in 
Rome“

„The Romans´ failure to
adapt their society
and economy to the natural
environment in
harmonious ways is one of
the causes of the decline
and fall of the Roman 
Empire, if not in fact the
basic and underlying one.“ 

(p. 128)



Welcome to the Anthropocene?



„When did we become a 
geological superpower?“

2018



Early starts of the Anthropocene:
10,000 BCE or 1610 CE ? (Lewis/Maslin 2018)



The Anthropocene as framework
for research and analysis

“The Anthropocene finds its 
most radical expression in 
our acknowledgment that 
the familiar divide between 
people and the natural 
world is no longer useful or 
accurate. Because we shape 
everything, from the upper 
atmosphere to the deep 
seas, there is no more 
nature that stands apart 
from human beings.” 

(Purdy 2015, p. 9)
2015



The Anthropocene in 
Byzantine Studies (Goldwyn 2017)

2017

“This new environmental context 
requires a new language, a new 
set of concerns, for thinking about 
scholarship in general 
(anthropogenic climate change 
and its various causes, 
manifestations, and possible 
solutions have become virtually 
all-consuming in atmospheric 
sciences, oceanography, and 
related hard sciences) and in 
thinking about literary criticism 
and humanities scholarship in the 
Anthropocene.”

(Goldwyn 2017, p. 9)



Climate 2018, 6, 90; doi:10.3390/cli6040090



The Byzantine Anthropocene: consilience (humanities
– sciences), vulnerability and resilience (instead of 
collapse)

http://climatechangeandhistory.princeton.edu/

20
https://link.springer.com/journal/10745/46/3/page/1

http://climatechangeandhistory.princeton.edu/
https://link.springer.com/journal/10745/46/3/page/1


„Archives of nature“ and „archives of society“ 
(Christian Pfister)

From: Mauelshagen 2010 21



Geodatabase of Historical Evidence on Roman 
and Post-Roman Climate (MCCORMICK et al. 2012)

https://dataverse.harvard.edu/dataset.xhtml?persistentId=hdl:1902.1/22615 22

https://dataverse.harvard.edu/dataset.xhtml?persistentId=hdl:1902.1/22615


Number of climatic events recorded in written sources for the eastern 
part of the Roman Empire and the successor states, 100 BCE- 800  CE 

(MCCORMICK et al. 2012) 

23M. MCCORMICK et al., Climate Change during and after the Roman Empire: Reconstructing the Past from 
Scientific and Historical Evidence. Journal of Interdisciplinary History 43, 2 (2012) 169–220



A catalog of meteorological phenomena in 
Byzantine sources, 300-1500 (Telelis 2004)

E. Xoplaki et al., The Medieval Climate Anomaly and 
Byzantium. Quaternary Science Reviews 24



Instrumental measurements of precipitation, temperature or 
pressure in the Mediterranean before the 20th century 
(cf. LUTERBACHER et al. , 2012 – 2k-Project)

25



Tree rings as climate archives
From: Glaser, 2008

26



Climate Proxies from 
Speleothems for NW Asia Minor, 
1654 BCE-1800 CE

red: 50-years moving average

27



Pollen analyzes and sediments as archives of 
climate and human activity

28

Izdebski et al. 2016



Xoplaki et al., Human Ecology (2018) 46:363–379 29



Camenisch u. a., 2016 30



The climate as a complex system

Aus: Mauelshagen, 2010
31



Weather, climate 
and climate change

Aus: Schönwiese, 2006, 2008



Teleconnections between climate systems 
and global history

33
From: McMichael, Climate Change and the Health of Nations (2017)



Climate history globally (and schematically): 
from the "Roman Climate Optimum" to the “Late antique 
cold period" and the "Medieval Climate Optimum" to the 

"Little Ice Age"

Northern Hemisphere Temperatures (200-2000 CE) (Winter Temperatures
(1961-90 = 0); from: E. LO CASCIO – P. MALANIMA, Cycles and Stability.
Italian Population before the Demographic Transition (225 B. C.–A. D. 1900).
Rivista di Storia Economica 21/3 (2005)

34



The "Roman Climate Optimum“ 
in Central Europe

35



Not so „optimum“ everywhere
in the Roman Mediterranean

“The map shows that in each century
some regions were experiencing
drier conditions (i.e., decreased
average precipitation levels),
whereas others were experiencing
wetter conditions. Although there
were places, such as Palestine,
where wetter conditions did indeed
prevail over the entire two centuries,
in many other places it was quite
different. To claim that the Roman
Climate Optimum was warm, wet,
and stable in both the southern and
northern halves or in much of the
Roman Empire (…) is a clear
exaggeration.”
Haldon et al., Review of Harper, 2018

36



The beginning of the transition to the “late antique 
cold period”, 2nd-3rd cent. CE: from the "Antonine 
plague" to the imperial crisis of the 3rd century?

37
2006

From: McCormick 2013

From: Harper/McCormick 2018



Biotransfers and a new„disease ecology“ in 
the Imperium Romanum (Harper 2017)



“Germs are far deadlier than Germans” [?] 
(Harper, Fate of Rome, p. 18) –

the Antonine Plague, 165-180 CE

39Orthopoxvirus variola



The „Plague of Cyprian“ (249-262 CE), 
Egypt, and the Crisis of the 3rd century

40

“We possess roughly 
22,000 papyri dated to the 
third century CE (according 
to a search in the online 
database papyri.info, which 
includes all edited papyri). 
(…) Should we thus not 
expect to find multiple
references among the 
papyri to a mass mortality 
event of that scale? We do 
not.”
Haldon et al., Review of 
Harper, 2018

Ebola virus



The transition between antiquity and the Middle Ages in Western 
Europe seen from a climatic point of view: The “Vandal minimum”?

41

Reconstruction of the course of precipitation and temperature conditions in Central 
Europe, 400 BCE – 2000 CE (from: U. BÜNTGEN et al., 2500 Years of European Climate
Variability and Human Susceptibility. Science 331 [February 2011] 578-582).



The Huns, the “Völkerwanderung" 
and the climate (4th-5th centuries CE)

42
From: Cook 2013

338-
377



Volcanic
forcing

and
tempe-
rature

reconstru-
ctions

from the
Altai

43
di Cosmo et al., Climatic Change 2017
https://doi.org/10.1007/s10584-017-2111-0



The late antique 
climate change in 
global perspective

44Brooke 2014

From: Harper 2017

El Niño–Southern Oscillation



Different climate signals and regional diversity 
in the Roman Empire for the 4th-5th cent. CE

45McCormick et al. 2012

https://www.vox.com/the-big-
idea/2017/10/30/16568716/six-ways-climate-
change-disease-toppled-roman-empire

https://www.vox.com/the-big-idea/2017/10/30/16568716/six-ways-climate-change-disease-toppled-roman-empire
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http://drought.memphis.edu/OWDA/

http://drought.memphis.edu/OWDA/


Precipitation and drought data from the
OWDA, 300-500 CE

47



Precipitation and
drought data from the

OWDA, 300-500 CE
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Italy

Iberian Peninsula

Latium



A Mediterranean of „micro-
regions“ und „micro-ecologies“ 
(Horden/Purcell, The Corrupted
Sea)

From: Wagner 2011



„Imperial Ecology “ – “particular flows of resources and 
population directed by the imperial center on which its 
success and survival depended” (Sam White 2011)

50



The Imperium Romanum as
„virtual water network “

Brian J. Dermody et al., A virtual water network of the 
Roman world. Hydrology and Earth System Sciences, 2014
http://www.hydrol-earth-syst-sci.net/18/5025/2014/hess-
18-5025-2014.html

http://www.hydrol-earth-syst-sci.net/18/5025/2014/hess-18-5025-2014.html


The „urban metabolism“ of the imperial centre as
one core of the imperial ecology

Imperial Rome was “an example
of a system that could only
maintain its size (…) on the basis
of a political system that
guaranteed the supply flows. The
drastic shrinking was not due to
an ecological collapse but to an
institutional breakdown. The
metabolism of such large systems
is not robust because it cannot
maintain itself without a huge
colonized hinterland. It has to
reduce its population to a size
that is in balance with its
economically and ecologically
defined hinterland.”
P. Baccini – P. H. Brunner,
Metabolisms of the
Anthroposphere. Analysis,
Evaluation, Design. Cambridge,
Mass. – London ²2012, 58.

52



The urban metabolism and forest management to north of
Rome, 1st-5th cent. CE (dendrophori; B. Graham )

S. Mensing et al., 2700 years of Mediterranean environmental change in central Italy: a synthesis of sedimentary and cultural records to
interpret the past impacts of climate on society, Quaternary Science Reviews 116 (2015) 72-94.
Benjamin Graham and Raymond Van Dam, Modelling the Supply of Wood Fuel in Ancient Rome. (Late Antique Archaeology 12) (Leiden 2018),
pp. 148–159

http://edh-www.adw.uni-
heidelberg.de/iiif/edh/HD016837.manifest.json

http://edh-www.adw.uni-heidelberg.de/iiif/edh/HD016837.manifest.json


The collapse of the imperial system in the
Roman West: „institutional breakdown“?

54



The Roman East: Shivta, settlement and 
agriculture in the late antique Negev



The end of settlement and agriculture 
in the Negev around 540 CE

https://doi.org/10.1016/j.quascirev.2015.07.022
(Izdebski u. a. 2016) 56

J. Ramsay et al. / Journal of Archaeological Science: Reports 9 
(2016) 718–727
Y. Tepper et al. / Journal of Arid Environments 145 (2017) 81-89

https://doi.org/10.1016/j.quascirev.2015.07.022


The Dust Veil-event of 536 CE

https://www.historicalclimatology.com/blog/something-cooled-the-world-in-the-
sixth-century-what-was-it

“And it came about during this year that a 
most dread portent took place. For the Sun 
gave forth its light without brightness, like 
the Moon, during this whole year, and it 
seemed exceedingly like the Sun in eclipse, for 
the beams it shed were not clear nor such as 
it is accustomed to shed. And from the time 
when this thing happened men were free 
neither from war nor pestilence nor any other 
thing leading to death.“
(Procopius, IV.14, 328–29)

https://www.historicalclimatology.com/blog/something-cooled-the-world-in-the-sixth-century-what-was-it


The „Late Antique Little Ice Age“ (LALIA)
(536 - ca. 660 CE [?])

U. Büntgen et al., Cooling and 

societal change during the Late 

Antique Little Ice Age from 536 to 

around 660 AD, Nature Geoscience, 

online 8. Februar 2016: 

http://dx.doi.org/10.1038/ngeo2652
58

http://dx.doi.org/10.1038/ngeo2652


The connection between climate-cooling 

and the "Justinianic plague"

59



Monocausal explanatory models
(Keys, 2000)

60



„Climate, Disease and the End of 
an Empire“ (Harper 2017)

2017
61



https://vimeo.com/235744243
62

https://vimeo.com/235744243


63



The extended „LALIA“ of Harper

64



Lee Mordechai and Merle 
Eisenberg: Re-Visiting the 
Justinianic Plague and its 
Impacts (Princeton 2018)

“The evidence for the maximalist
interpretation of plague is weak,
ambiguous, and should be rejected.
(…) Work on the Justinianic Plague
often shows a strong tendency
towards catastrophism as well as
representative bias and confirmation
bias. Our talk concludes that the
Justinianic plague had an overall
limited effect. Although on some
occasions the plague might have
caused high mortality in specific
places, leaving strong impressions
on contemporaries, it neither caused
widespread demographic decline
nor kept Mediterranean populations
low. Any direct mid- or long-term
effects of plague were minor at
most. ” 65

Victims of the 3rd pandemic in Manchuria in 
the winter of 1910/1911



New changes at the borders of empires from the second half 
of the 6th century onwards: Turks, Avars, Bulgars, Khazars, 
Lombards, Slavs, Tibetans, Arabs

SASANIAN

EMPIRE

ARABS

TIBETAN

EMPIRE

SLAVS

66di Cosmo et al., Climatic Change 2017
https://doi.org/10.1007/s10584-017-2111-0

https://doi.org/10.1007/s10584-017-2111-0


The crises of the 6th and 7th centuries, the 
Arab expansion and the "end of antiquity"?

67
Ward-Perkins 2005



The urban metabolism, Egypt and the imperial 
ecology (4th-7th cent. CE):  163,000 tons/y at 540 CE

-



The emergence of the 
Byzantine-Arab Frontier (al-thughūr)

“When a great and innumerable army of
Arabs gathered and surged forwards to
invade Roman territory, all the regions of
Asia and Cappadocia fled from them, as did
the whole area from the sea and by the
Black Mountain and Lebanon as far as
Melitene and by the river Arsanias [Murat
Nehri] as far as Inner Armenia [the region
of Theodosiupolis/Erzurum]. All this
territory had been graced by the
habitations of a numerous population and
thickly planted with vineyards and every
kind of gorgeous tree; but since that time it
has been deserted and these regions have
not been resettled.”
J.-B. Chabot, Anonymi auctoris chronicon ad annum
Christi 1234 pertinens (CSCO 109). Louvain 1937
(reprint 1965), 156–157; The Seventh Century in the
West-Syrian Chronicles, introd., transl. and annotated
by A. Palmer. Including two seventh-century Syriac
Apocalyptic Texts, introd., transl. and annotated by S.
Brock with added Annotation and an historical
Introduction by R. Hoyland. Liverpool 1993, 62.



The pollen record in the Nar Gölü
(Cappadocia; Haldon et al. 2014)



The shrinking of cities and coinage in the 
Byzantine Empire, 7th-9th cent. CE

71



Extreme events: volcanic eruptions, climate forcing („year without
summer“, 1815), and ice cores in Greenland (McCormick / Dutton
/ Mayewski 2007)

72



763 CE: Icebergs at the Bosporus
In the same year, starting in early October, there was very
bitter cold, not only in our land, but even more so to the
east, the north, and the west, so that on the north coast
of the Pontos to a distance of 100 miles the sea froze from
the cold to a depth of thirty cubits. The same happened
from Zikchia to the Danube, including the river Kouphis,
the Danastris, the Danapris, and Nekropelai, and the rest
of the coast as far as Mesembria and Medeia. All this ice
was snowed upon and grew by another twenty cubits, so
that the sea became indistinguishable from land: (…) In
the month of February of the same 2nd indiction this ice
was, by God's command, split up into many different
mountain-like sections which were carried down by the
force of the winds to Daphnousia to and Hieron and, by
way of the Straits reached the City and filled the whole
coast as far as the Propontis, the islands, and Abydos. Of
this I was myself an eyewitness, for I climbed on one of
those [icebergs] and played on it together with some
thirty boys of the same age. Some of my wild and tame
animals also died. Anyone who so wished could walk
with-out hindrance as on dry land from Sophianai to the
City and from Chrysopolis to St Mamas and to Galata.
One of the icebergs struck the jetty of the Acropolis and
crushed it. Another huge one struck the wall and shook it
greatly so that the houses on the inside partook of the
quake. It then broke into three pieces and ringed the City
from the Mangana to the Bosporus,rising in height above
the walls.

The Chronicle of Theophanes Confessor, A. M.
6255 (transl. MANGO/SCOTT, p.600-601)

A frozen Bosporus in the 
winter of 1929



Pollen analyses and sediments as archives of 
climate and human activity

74

Izdebski et al. 2016



Climate history and the transition from the late 
antique cold period to the medieval climate anomaly 
in the 9th century CE

Old World Drought
Atlas
(http://drought.me
mphis.edu/OWDA/) 

Comparison of Summer Temperatures in Central Europe and Central Asia, 500-900 CE (Preiser-Kapeller 2017)

http://drought.memphis.edu/OWDA/


The 9th century as the end of the long late 
antiquity (see also Preiser-Kapeller 2018)?



77

The extreme winter of 839-840 CE, Kyrgyz attacks, the capture of 
Karabalgasun and the collapse of the Uyghur Empire

di Cosmo et al., Journal of Interdisciplinary 
History, XLVIII:4 (Spring, 2018), 439–463

Tree-ring reconstruction of June–September scPDSI during the Uyghur period, 
with positive values in gray and negative values in black



Summary: Environmental and climatic 
history of late antiquity

From: Adam Izdebski and Michael Mulryan
(eds.) Environment and Society in the Long 
Late Antiquity (Late Antique Archaeology 12). 
Leiden, October 2018. 
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Further perspectives: 
empires as ecosystem

Analyzing the Ottoman Empire as an ecosystem opens up
Ottoman historical realities in all their complexities to reveal
sets of relationships among resources, peoples, ideas, animals,
and places in which all the elements of the system are
connected to and dependent upon one another. A change or
perturbation in any one part of the environment affects all
others. The idea of the Ottoman Empire as an ecosystem of
collective dependence and determination foregrounds how the
smallest and largest of imperial actors were connected, across
time and space, through means of exchange, administration,
and mutual reliance. The example of irrigation in Ottoman
Egypt we have examined in this book clearly shows how
farmers in sometimes very remote parts of the empire were in
constant dialogue with the palace in Istanbul and how the two
worked together to make the countryside productive. Peasants
used the empire and the empire used the peasants. A volcano
in Iceland, rats in northern India, timber stocks across the
Mediterranean, water buffalos in villages throughout Egypt –
all of these impacted the Ottoman Empire and must be
brought into our analytical frame to properly understand the
empire´s history. (…) An ecological approach to the Ottoman
Empire reveals how the empire´s variegated geographies,
overlapping chronologies, and connected histories functioned
across space and time and how small changes in one part of
the empire affected places, ideas, and peoples across the
imperium and beyond.

Alan Mikhail, Under Osman´s Tree. The Ottoman Empire,
Egypt and Environmental History. Chicago 2017, 199-200.

Barberini Diptych (6th cent.; 
Louvre)



Further perspectives: entanglements and interplays between ecological
networks across scales from the cell to the capital

https://www.cell.com/trends/plant-science/fulltext/S1360-1385(17)30216-9

3D Yersinia pestis model.jpeg

http://i.imgur.com/beWFfc7.jpg

Preiser-Kapeller 2016

https://www.cell.com/trends/plant-science/fulltext/S1360-1385(17)30216-9


Further perspectives: combining network models with
data of paleo-environmental and socio-economic dynamics

OWDA - Reconstructions of summer wetness and dryness 
across the Eastern Mediterranean 



Thank you very much for your attention!

http://oeaw.academia.edu/JohannesPreiserKapeller/Talks

http://rapp.univie.ac.at/

http://climatechangeandhistory.princeton.edu

http://oeaw.academia.edu/JohannesPreiserKapeller/Talks
http://rapp.univie.ac.at/
http://climatechangeandhistory.princeton.edu/

