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“Numbers exert a magic spell on human minds,

particularly if they are presented with the help of computers.”!

In the last decade, historical and social studies have been confronted with a new kind of
scientific research on natural as well as social, economic and historical phenomena
based on the concept of complex systems; one may even speak of a “complexity turn”.2
Quantitative and mathematical methods and models are used to analyse social processes
and structures, and it is suggested that these models capture dynamics of real-world
phenomena and even have some predictive value.? At the same time, these new methods
claim to be more adequate for the analysis of social and historical dynamics than earlier
attempts at the “calculation” of history which were based on the mechanistic thinking of
19th century natural sciences; one prominent researcher in the field of “historical
dynamics”, Peter Turchin, even claims that only with these methods “historical sociology
(will) become a theoretical, mature science” *

Especially the theses of Peter Turchin, Professor of Ecology and Evolutionary Biology,
found favour (but also critics) among various scholars in the fields of socio-historical
research - but less so among specialist historians. One cause for the appeal of Turchin’s
model may be his usage of relatively comprehensible mathematics; a reviewer gratefully
wrote “the author eschews the hyper-parameterized, computer-dependent approach found

in many contemporary modelling efforts, and instead focuses on variants of three basic and

*Email: Johannes.Preiser-Kapeller@oeaw.ac.at | http://www.oeaw.ac.at/byzanz/historicaldynamics.htm.
An abridged version of this paper has been presented at the International Medieval Congress in Leeds
(UK) in July 2010.
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well understood differential equation models: the exponential, logistic, and predator-
prey.“> The reviewer may have in mind models such as those of Wolfgang Weidlich in his
book on “Sociodynamics”; for his model for “the rise and fall of interacting social groups”
Weidlich used 15 Key-variables and 30 “Trend-functions” and at the same time stated:
“we restrict the model to one sector or one dimension of social life”.6 Peter Turchin on
the contrary claimed to be able to explain in his book “Historical Dynamics” on 240

pages “Why States Rise and Fall”.”

But can these models really provide any further insight into the development of a
medieval society such as Byzantium? One limiting factor is the necessity to provide
statistical material in order to evaluate the appropriateness of a quantitative model -
material which in most cases for the Byzantine period simply does not exist. To evaluate
for instance Weidlich’s model of “the rise and fall of interacting social groups” we would
need figures for the numbers of followers of the various political and ecclesiastical
factions in 14th century Byzantium. Turchin’s simpler models demand less specific data,
but still rely mostly on historical statistics to a degree which we are not able to provide
on the basis of Byzantine sources.

The core of Turchin’s framework is his “demographical-structural theory”, for which he
developed further concepts which he borrowed from the 14th century Arab historian Ibn
Khaldun and the American sociologist Jack A. Goldstone.8 According to this theory, the
internal stability of a premodern state depends primarily on the dynamics of its
population, more precisely on the number of producers and of members of the elite.?
The growth of the producing population depends not only on the “Malthusian”
constraints of premodern agriculture, but also on the demands of the elite; high
population numbers and especially high numbers of elite members lead to socio-
economic instability, to higher intra-elite competition and finally to civil war or even
state breakdown which in turn effect population decline until balance within the system
is restored. Turchin’s model produces cycles of the rise and decline of population

number and state power with a duration of 200-300 years; therefore, he calls them

5 Ph. A. ScHRODT, Review in Contemporary Sociology 34/2 (2005) 214.

6 W. WEIDLICH, Sociodynamics. A Systematic Approach to Mathematical Modelling in the Social Sciences.
Mineola, New York 2000, 115-147.

7 TURCHIN, Historical Dynamics (Subtitle).

8 Cf. ]. A. GOLDSTONE, Revolution and Rebellion in the Early Modern World. Berkeley 1991.

9 TURCHIN, Historical Dynamics 118-149.
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“secular cycles”.10 In order to test his model, Turchin needed data on the development of
population, the size of the state’s elite and the occurrence of instability within a
premodern state. As everybody who has ever taken a look on the statistical source basis
for premodern Europe would expect, Turchin made use of what he considered “the best
data set: the population history of England and Wales between 1080 and 2000 C.E.”,
augmented by data on the number of English aristocrats and a so-called “instability
index”, which measured the years of socio-political instability per decade through the
centuries.!! Turchin claimed to be able to identify “secular cycles” in the development of
pre-modern England. Subsequently, Turchin and his colleague Sergey A. Nefedov - of
course successfully - looked for “secular cycles” in medieval and early modern France,
but also in statistically less well documented periods such as late medieval and early
modern Russia or Republican and Imperial Rome??; in order to have a statistical basis,
they used other data such as the temporal distribution of temple building activity or the
number of coin hoards per decade as indicators for instability!3 — but as one reviewer
has stated, this data is clearly of “questionable reliability”14. And even “the best data set”
for medieval England should have been used with great caution, since there is a
relatively wide range of alternative population estimates.1> Still, the overall trends in
data could be interpreted in a way which supports the validity of the Turchin-Nefedov-
model.

But what of Byzantium? Various scholars provide some very rough estimates for
population figures, but since we possess no evidence of an empire-wide census and
documents only for some villages in 14th century Macedonia for instancel¢, “it is not

possible to procure exact population figures at any time for any territory within the

10 TyRcHIN, Historical Dynamics 150-169. This is also the title of his second book-length study on these
models together with Sergey A. Nefedov: P. TURCHIN - S. NEFEDOV, Secular cycles. Princeton - Oxford 2009,
esp. 1-34. For an overview on the theory see also P. TURCHIN, Long-Term Population Cycles in Human
Societies. http://cliodynamics.info/PDF/RevSEC.pdf.

11 TyRrCHIN, Historical Dynamics 155; TURCHIN - NEFEDOV, Secular cycles 35-80.

12 Cf. TURCHIN — NEFEDOV, Secular cycles 81-302.

13 Cf. also P. TURCHIN — W. ScHEIDEL, Coin hoards speak of population declines in Ancient Rome. PNAS
106/41 (2009) 17276-17279 (http://cliodynamics.info/PDF/HoardCens_PNAS.pdf).

14 N. BONNEUIL, Review in History and Theory (May 2005) 266; cf. also ]. A. TAINTER, Review in Nature
427/No. 6974 (2004). http://www.nature.com/cgi-taf/DynaPage.taf?file=/nature/journal /v427 /n6974/
full/4274 88a_fs.html.

15 B. M. S. CAMPBELL, English Seignorial Agriculture 1250-1450 (Cambridge Studies in Historical Geography
31). Cambridge 2000, 407 (Table 8.07), and ]J. HATCHER - M. BAILEY, Modelling the Middle Ages. The History
and Theory of England’s Economic Development. Oxford 2001, 29 (fig. 2).

16 See A. E. LAIOU-THOMADAKIS, Peasant Society in the Late Byzantine Empire. A Social and Demographic
Study. Princeton - New Jersey 1977; IDEM, The Human Ressources, and IDEM, The Agrarian Economy,
Thirteenth-Fifteenth Centuries, in: IDEM (ed.), The Economic History of Byzantium. From the Seventh
through the Fifteenth Century. Washington, D. C. 2002, 47-55 and 311-375.
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realm of (...) the Byzantine state”, as Johannes Koder has stated.1” Also on the size of the
Byzantine “elite” one finds some estimates; for the 11th and 12th century for instance, the
number of aristocratic families was calculated on the basis of prosopography by
Alexander Kazhdan and Silvia Ronchey, who also included some statistics on the
“duration” of families in their excellent study® - but of course they did not provide any
information on the quantitative ratio between the elite and the rest of the population. At
least it is possible to construct an instability index for Byzantium after Turchin’s
example. Helpful lists of rebellions, usurpations, etc. can be found in the works of
Friedhelm Winkelmann for the 8t and 9th century and of Jean-Claude Cheynet for the
10th to 13t century, for instance.1® But one has to ask which unstability-events should be
interpreted as symptoms of an underlying general crisis dynamics - a rebellion in a
small provincial town provoked by a greedy local tax official, for example? In Turchin’s
studies, this question is not answered. We introduced some kind of threshold in order to
include only over-regional and instability phenomena of wider significance in our list.
Our instability index (see fig. 1) for Byzantium begins where Turchin’s index for Rome
ends in 280 AD and ends in the year 1400, since the small size of the Byzantine polity
after the middle of the 14th century raises some doubts on the applicability of the model
which Turchin developed for “large scale agrarian empires”.20 As a gaze at the graph
shows, of course we could identify several of Turchin’s secular cycles for the Byzantine
instability trajectory if we choose various 200-300 years periods, for the time from
1150 to 1400 AD for instance (see fig. 2). But since we do not have any corresponding
data on the population trajectory or other elements of the demographic-structural
framework, an evaluation of the model as it has been done for England, France, etc.
seems impossible. More interesting seems the observation (also indicated with the trend

line, see fig. 1) that the intensity of instability grew during these more than 1000 years;

17 ]. KoDER, Der Lebensraum der Byzantiner. Historisch-geographischer Abrif3 ihres mittelalterlichen
Staates im ostlichen Mittelmeerraum (Byzantinische Geschichtsschreiber, Ergdnzungsband 1). Nachdruck
mit bibliographischen Nachtragen, Wien 2001, 150; cf. also D. STATHAKOPOULOS, Population, Demography,
and Disease, in. E. JEFFREYS - ]. HALDON - R. CORMACK (eds.), The Oxford Handbook of Byzantine Studies.
Oxford 2008, 309-316.

18 A, P. KAZHDAN - S. RONCHEY, L’aristocrazia bizantina dal principio dell’XI alla fine del XII secolo. Palermo
21999, 199-220 and 239-246.

19 F. WINKELMANN, Quellenstudien zur herrschenden Klasse von Byzanz im 8. und 9. Jahrhundert (Berliner
Byzantinistische Arbeiten 54). Berlin 1987, 34-35; ].-Cl. CHEYNET, Pouvoir et contestations a Byzance (963-
1210) (Byzantina Sorbonensia 9). Paris 1996, 19-156. For the remaining centuries, the data was collected
from standard literature on Byzantine history.

20 Cf. also P. TUuRcHIN, Dynamical Feedbacks between Population Growth and Sociopolitical Instability in
Agrarian States. Structure and Dynamics: eJournal of Anthropological and Related Sciences 1/1 (2005)
Article 3. http://escholarship.org/uc/item/0d17g8g9.
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but this phenomenon may as well depend on the larger number of sources which we
possess for the later centuries of Byzantine history (an aspect which Turchin also did
not take into consideration). A primary weakness of Turchin’s demographic-structural
model with regard to the Byzantine case is also that it completely ignores external
influences on the system such as foreign invasions, climate changes or plagues,
phenomena, which seem especially relevant for the development of Byzantium.
Therefore we modified the basic demographic-structural model?! and introduced into
the equations randomized influences on the reproduction rate of the population (to
“simulate” external invasions, plagues, etc.), on the constraints of population because of
the productive area (territorial losses or gains) and on the limitations of the ability of
the state to exploit the population (strong and weak regimes). If we start with a
population of 0.5 (meaning that the population has half the size of the maximum in
relation to the carrying capacity of the state’s territory) and a state income of 0.2
(meaning that 20% of the total production are absorbed by the state and its elite) for
instance, we find all kinds of trajectories (in the model, one timestep equals one
generation): some look like Turchin’s secular cycles (see fig. 3), but others show long
periods of depression (see fig. 4) or have a stable downward trend (see fig. 5) (the same
holds true if we choose other initial values for the parameters). So does our modified
model explain anything? As the renowned French historical demographer Noél Bonneuil
has stated in his review of Turchin’s first book: “it is one thing to create possible
scenarios; it is another to believe that such scenarios, dependent on arbitrary values of
five parameters, have more general explanatory power.”22 One could say that we
contaminated Turchin’s model with our randomisations of these parameters. But to cite
Bonneuil once more: “When simulations fit observed data reasonably well, it is wise to
wonder about the extent to which the number and significance of the parameters made
it possible.”23 As anyone only slightly familiar with complex dynamic systems knows,
logistic models such as the one of Turchin always show cyclic trajectories within a
certain range of values of the basic parameters, such as the reproduction rate (r) of the

population for instance (see fig. 6 and 7); but with just a little increase, the trajectory

21 For the unmodified equations see TURCHIN, Historical Dynamics 123 and 208-211.
22 BONNEUIL, Review 265-266.
23 BONNEUIL, Review 270.
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becomes much more unpredictable (see fig. 8), even “chaotic” (see fig. 9) and sometimes
leads to collapse after a few time steps (see fig. 10).24

Therefore, it may be more profitable to look at some other properties of the model than
to attempt to fit its trajectory to one constructed on the basis of historical data and
estimates of uncertain reliability; as Bonneuil wrote: “the theory of dynamical systems
can bring much more to history than the application of equations yielding cycles.”?> We
can learn from a complex system based on relatively simple equations such as the one
we have inspected that even small changes in environmental, demographic or socio-
economic parameters can have an unexpected, sometimes even dramatic effect on a
polity.26 Complex systems are understood as large networks of individual components,
whose interactions at the microscopic level produce “complex” changing patterns of
behaviour of the whole system on the macroscopic level, which are hard or almost
impossibly to predict. These systems show a nonlinear character, which means that they
answer to certain stimuli (actions of individuals on different scales or external
influences, for instance) not in a linear way (which would mean that the output is
proportional to its input), but because of the interactions between the parts of the
system these stimuli can be reinforced (or weakened) through feedback mechanisms in
an unexpected way, as we have seen. Change within complex systems is described as
transition between alternative (more or less) stable states or “attractors”.2’” Chaos in
terms of complexity theory means that small differences in the initial state expand
exponentially with time, such that the system’s long-term behaviour is fundamentally
unpredictable, but this “unpredictable behaviour can result from completely
deterministic rules”. At the same times, a chaotic attractor “is always bounded. One can
draw a box around it from which it will not escape. (...) the precise dynamics cannot be
predicted, (but) the range of behavior can be described”.28 These bounds we can also

observe in the simple randomized Turchin-model; one interesting phenomenon is that

24 Cf. KI. MAINZER, Thinking in Complexity. The Computational Dynamics of Matter, Mind, and Mankind
(Springer Complexity). Berlin - Heidelberg 52007, 57-60.

25 BONNEUIL, Review 269.

26 Or to speak with Bonneuil once more, we observe “broken threads, sudden switches from one regime to
another, temporary stagnations, discontinuity, unexpected futures.”, cf. BONNEUIL, Review 269.

27 Cf. MAINZER, Thinking in Complexity; IDEM, Komplexitat (UTB Profile). Paderborn 2008; H. MILLER - S. E.
PAGE, Complex Adaptive Systems. An Introduction to Computational Models of Social Life (Princeton
Studies in Complexity). Princeton 2007; M. MITCHELL, Complexity. A Guided Tour. Oxford 2009; cf. also L.
HERBST, Komplexitiat und Chaos. Grundziige einer Theorie der Geschichte. Munich 2004. See also S. GALAM,
Sociophysics: a personal testimony. http://arxiv.org/ftp/physics/papers/0403/0403122.pdf, and Y. BAR-
YaM, Dynamics of Complex Systems. http://necsi.org/publications/dcs/index.html.

28 M. SCHEFFER, Critical Transitions in Nature and Society (Princeton Studies in Complexity). Princeton 2009,
37-54.
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the trajectory for state income never much exceeds the value of 0.2 (which means, as
already mentioned, that 20 % of the total production are absorbed by the state and its
elite), no matter which values we choose for the initial parameters (see fig. 11-14 for
examples). That there is a limit for the proportion of total production which the state is
able to claim we would have assumed before; but the same holds true for the model. The
value of 20 % is interestingly very well within the range which Jacques Lefort and
Angeliki Laiou proposed in their model calculations in the volumes of the Economic
History of Byzantium and also Peter Fibinger Bang did in his recent book on “The Roman

Bazaar” for imperial Rome.2°

There is also “real world” data from Byzantine sources which indicates that complex
dynamic processes are relevant for the understanding of Byzantium. One example which
hints at the patterns of distribution of demographic and economic potential within the
regions of the Late Byzantine empire is the analysis of a list of contributions from 33
bishoprics to the Patriarchate of Constantinople in the year 1324, which we executed
(see fig. 15).30 This contribution list is part of a document in the Register of the
Patriarchate of Constantinople.3l As we analysed this distribution of values with
statistical means, we detected that the model which fitted the data best is a “power
law”.32 Power law distributions have been identified for many phenomena for which
underlying complex dynamics are assumed33; one of the most prominent of these
distributions is the so called “Zipf-Law”, named after the linguist George Kingsley Zipf,
who first observed it for the frequency of words in English texts, but later also for the
distribution of the populations of settlements.3*+ According to the classical Zipf-

distribution, the second largest city in a country or region would have one half of the

29 A. E. Laiou (ed.), The Economic History of Byzantium from the Seventh through the Fifteenth Century.
Washington, D. C. 2002 (3 Vol.), 304 and 1154-1155; P. F. BANG, The Roman Bazaar. A comparative study
of trade and markets in a tributary empire (Cambridge Classical Studies). Cambridge 2008, 84-93.

30 ], PREISER-KAPELLER - E. MITsIou, Hierarchies and Fractals: Ecclesiastical Revenues as Indicator for the
Distribution of relative demographic and economic Potential within the Cities and Regions of the Late
Byzantine Empire in the early 14th Century (under review).

31 H. HUNGER - O. KRESTEN et. al., Das Register des Patriarchats von Konstantinopel, Vol. I (Corpus Fontium
Historiae Byzantinae 19/1). Vienna 1981, nr. 88, Ins. 39-73 (September 1324); ]. DARROUZES, Les regestes
des actes du patriarcat de Constantinople. I/5: Les regestes de 1310 a 1376. Paris 1977, nr. 2119.

32 R? = 0.926, which means that the model can explain 92 % of the variations within the list.

33 Cf. A. CLAUSET - A. C. ROHILLA SHALIZI - M. E. ]. NEWMAN, Power-law distributions in empirical data.
http://arxiv.org/PS_cache/arxiv/pdf/0706/0706.1062v2.pdf.

34 Cf. G. K. ZIpF, Human Behavior and the Principle of Least Effort. An Introduction to Human Ecology.
Cambridge, Mass. 1949.
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population of the largest city, the third largest city one third of the population of the

largest city, et cetera. This can be expressed with the formula:

Py =Pq/r?

where P(y is the population of the city of the r-ranked city within the totality of the
sample, P the population of the largest city, r the rank of the city (1, 2, 3, ...) and Z is a
constant in the order of magnitude of 1.35 This rank-size rule has been empirically
studied in many regions throughout the globe for various time periods; many cases
satisfy Zipf's law very closely with values for Z around 1, whereas in other cases rank-
size distributions of populations of cities obey power-law behaviour, but have a different
power exponent Z (see the example of England in 1377, fig. 16).3¢ The distribution from
Byzantium in 1324 (see fig. 15) yields a value of Z = 0.93 and shows the same patterns as
other quantities which have been used for the formation of a settlement rank-size
hierarchy; therefore it can be connected with the pattern of distribution of demographic
and economic potential within the Byzantine Empire of this time.3” The working of the
process which generates these patterns is still under discussion; but most probably they
result from the complex interactions within the network of settlements and their
hinterland which produce an uneven distribution of demographic and economic
potential and a hierarchy of cities.38 This hierarchy can also be connected with the
classic model of central place hierarchies developed by Walter Christaller in 1933, which

Johannes Koder has used for the analysis of the Byzantine urban system.3°

35 1. DE VRIES, European Urbanization, 1500-1800. London 1984, 85-87; R. R. LAXTON - W. G. CAVANAGH, The
Rank-Size Dimension and the History of Site Structure from Survey Data. Journal of Quantitative
Anthropology 5 (1995) 329-332; C. A. SMITH, Types of city-size distribution: a comparative analysis, in: A.
VAN DER WOUDE - ]. DE VRIES — A. HAYAMI (eds.), Urbanization in history: a process of dynamic interactions.
Oxford - New York 1990, 20-22; M. FujitA - P. KRUGMAN - A.J. VENABLES, The Spatial Economy. Cities,
Regions, and International Trade. Cambridge, Mass. - London 2001, 215-219; M. E. ]. NEWMAN, Power laws,
Pareto distributions and Zipf’s law. http://arxiv.org/PS_cache/cond-mat/pdf/0412/0412004v3.pdf, 1-2.
36 On the basis of data from G. HARRISS, Shaping the Nation. England 1360-1461 (The New Oxford History of
England). Oxford 2005, 274; cf. also the studies mentioned in fn. 35.

37 For the entire argument see PREISER-KAPELLER - MITSIOU, Hierarchies and fractals.

38 Cf. FujiTA -KRUGMAN -VENABLES, The Spatial Economy 215-219. A. LAIOU - C. MORRISSON, The Byzantine
Economy (Cambridge Medieval Textbooks). Cambridge 2007, 130-132, 195-200, speak of a “powerful
trend towards city autonomy” and a “more independent existence” of the Empire’s cities in the 14t
century.

39 ]. KoDER, The Urban Character of the Early Byzantine Empire. Some Reflections on a Settlement
Geographical Approach to the Topic, in: The 17th International Byzantine Congress. Major Papers. New
Rochelle, N.Y. 1986, 155-187; IDEM, Land Use and Settlement: theoretical Approaches, in: J. HALDON (ed.),
General Issues in the Study of Medieval Logistics. Sources, Problems and Methodologies. Leiden - Boston
2006, 159-183; cf. also PREISER-KAPELLER — MITSIOU, Hierarchies and fractals.
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So, as already mentioned, the interactions and connections between components of a
system - regions, cities, but also groups, cliques or individuals - produce the complex
patterns we observe. A already well established method for the recording, analysis and
visualisation of such connections is network analysis.#? It has been used in historical
studies for decades, also by scholars of the Western middle ages*!, much less so by
Byzantinists — with the exception of Margaret Mullett’s book on Theophylact of Ochrid
and Giovanni Ruffini’s recent study on 6t century Egypt.#2 What may make this method
more acceptable for the sceptic historian is the fact that it allows him or her to directly
construct the nodes and ties of a network on the basis of the sources and than to analyse
the outcome; one has not to attempt to find evidence for the explanatory value of a
certain model which has been constructed in advance. As an example we re-constructed
the network of the Byzantine village priest Basileios Aroules from Radolibos in
Macedonia (see fig. 17) on the basis of a register of dues for the Athos monastery of
Iviron from the year 1316; there the following entrance can be found: “The priest
Basileios Aroules, has (a woman) Helene, a son, the priest Konstantinos, from him a
daughter-in-law Anna, another son Chalkos, a daughter Maria, from her a son-in-law
loannes, one house, one ox, a vineyard of nine modioi; the total tax amount is two
hyperpyra. loannes, the shoemaker, his son, has (a woman) Zoé, the sons Daniel und
Basileios, a house, a vineyard of three modioi; the total tax amount is one hyperpyron.
Michael, the shoemaker, his other son, has (a woman) Eirene, a daughter Anna, a house, a
vineyard of three modioi; the total tax amount is one hyperpyron.”43 One can recognize the
variety of ties which we find in this (and other) document(s) and which connected

Basileios Aroules with the members of his family as well as with the members of his

40 For an overview cf. A.-L. BARABASI, Linked. The New Science of Networks. Cambridge 2002. The now
,Classic* handbook on network analysis is St. WASSERMANN - K. FAUST, Social Network Analysis: Methods
and Applications (Structural Analysis in the Social Sciences). Cambridge 1994; recent comprehensive
works are: D. JANSEN, Einfiihrung in die Netzwerkanalyse. Grundlagen, Methoden, Forschungsbeispiele.
Wiesbaden 32006; F. VEGA-REDONDO, Complex Social Networks (Econometric Society Monographs).
Cambridge 2007, and M. O. JACKSON, Social and Economic Networks. Princeton 2008.

41 P. BEARMAN, Relations into Rhetorics: Local Elite Social Structure in Norfolk, England: 1540-1640.
Piscataway, New Jersey 1993; D. R. WHITE - U. C. JoHANSEN, Network Analysis and Ethnographic Problems.
Process Models of a Turkish Nomad Clan. Oxford 2005; Qu. VAN DOOSSELAERE, Commercial Agreements and
Social Dynamics in Medieval Genoa. Cambridge 2009; in general cf. R. V. GouLD, Uses of Network Tools in
Comparative Historical Research, in: ]. MAHONEY — D. RUESCHEMEYER (eds.), Comparative Historical Analysis
in the Social Sciences. Cambridge 2003, 241-269. A “classic” study is J. F. PADGETT - Ch. K. ANSELL, Robust
Action and the Rise of the Medici, 1400-1434. The American Journal of Sociology 98/6 (1993) 1259-13109.
42 M. MULLETT, Theophylact of Ochrid. Reading the Letters of a Byzantine Archbishop (Birmingham
Byzantine and Ottoman Monographs 2). Aldershot 1997; G. R. RUFFINI, Social Networks in Byzantine Egypt.
Cambridge 2008.

43 Actes d’lviron III. Texte, ed. J. LEFORT et. al. (Archives de I’Athos 18). Paris 1994, 74, Ins. 69-71 (original
text in Greek).
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parish and the village, but also with the local bishop (as his superior), the
representatives of the monastery of Iviron (as the lord of the manor) and the local
officials of the state (who composed the register of dues)*4; through the medium of these
actors Basileios Aroules could - hypothetically - even get linked with the highest
authorities of the Patriarch and the Emperor in Constantinople (see fig. 17); the famous
dictum of “only six degrees” which separate an individual from any other#® is also valid
for Byzantium.

In historical study, network analysis until now mainly has been used to evaluate the
position of individuals within the network, their relevance and influence on the basis of
the number of their links (“degree”) or the number of other nodes for which they could
function as a bridge (“betweenness”).4 But other aspects of recent research in the field
of what is now called complex network analysis are of equal interest for historians. As
we have already seen in the case of Basileios Aroules, there exist different kinds of ties
connecting him with his social environment. Michael Szell, Renaud Lambiotte and Stefan
Thurner from the Vienna Complex Systems Research Group#’ argued in their recently
published paper on ,Multi-relational Organization of Large-scale Social Networks”:
“Human societies can be regarded as large numbers of locally interacting agents,
connected by a broad range of social and economic relationships. (...) Each type of relation
spans a social network of its own. A systemic understanding of a whole society can only be
achieved by understanding these individual networks and how they influence and co-
construct each other (...) A society is therefore characterized by the superposition of its
constitutive socio-economic networks, all defined on the same set of nodes. This
superposition is usually called multiplex, multi-relational or multivariate network.”48

This multiplexity of networks “defined on the same set of nodes” provides a framework
not only for the conceptualisation of social, economic, religious, political, etc. ties within,
but also beyond the borders of Byzantium; would Aroules have lived in a village in

Bithynia in the 1340s for instance (see fig. 18), we could still observe a similar family

44 This and other networks in this proposal were created with the software packages Pajek, cf. W. DE Nooy
- A. MRVAR - V. BATAGEL], Exploratory Social Network Analysis with Pajek (Structural Analysis in the Social
Sciences). Cambridge 2005, and ORA, cf. http://www.casos.cs.cmu.edu/projects/ora/.

45 WASSERMANN - FAUST, Social Network Analysis 53-54; D. ]. WATTS, Small Worlds. The Dynamics of
Networks between Order and Randomness (Princeton Studies in Complexity). Princeton - Oxford 1999,
11-40.

46 On these parameter cf. WASSERMANN - FAUST, Social Network Analysis 100-107, 189-191; JACKSON, Social
and economic Networks 38-39, 59-65.

47 See http://www.complex-systems.meduniwien.ac.at/about/.

48 M. SZELL - R. LAMBIOTTE - St. THURNER, Trade, Conflict and Sentiments: Multi-relational Organization of
Large-scale Social Networks, cf. http://arxiv.org/PS_cache/arxiv/pdf/1003/1003.5137v1.pdf.
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and social network, but the landlord would now be an Ottoman sipahi as holder of a
timar which he had received from the Emir Orhan Bey.#® On the other side, if the
Ottoman authorities allowed it, a local priest could still have a bishop or a metropolitan
as superior, who would have been elected by the Patriarch and the synod in
Constantinople, with the consent of the Emperor.50 As Daniel H. Nexon in his recent
study on “The Struggle for Power in Early Modern Europe” has demonstrated, this
concept of network allows us to analyse relations between different political and
religious communities and authorities in medieval and premodern times in a better way
than within the framework of classic international relations which is based on the
modern concept of the nation state.>!

A second relevant aspect of recent network studies is once more connected with the
phenomena of complex systems; the combination of individual components into larger
scale networks results in the emergence of new patterns and characteristics. Therefore,
networks should not only be analysed at the level of individual actors or smaller groups,
but also at the level of the total network.52 We re-constructed for instance on the basis of
the Prosopography of the Palaiologean Era the network of the “dynatoi”, the powerful
noblemen and state functionaries, for the period between 1310 and 1341, with 187
nodes (see fig. 19).53 One of the most striking characteristics of this network is of course
that we recognise two centres of gravity; these are the two emperors who were
competing for power in the 1320s, Andronikos II Palaiologos and his grandson

Andronikos III Palaiologos. We also can identify various clusters which represent the

49 On the changes in villages under Ottoman rule cf. the papers in: A. BRYER - H. LOWRY (eds.), Continuity
and Change in Late Byzantine and Early Ottoman Society. Birmingham - Washington, D. C. 1986.

50 Cf. Sp. VrYONIS, The Decline of Medieval Hellenism in Asia Minor and the Process of Islamization from
the Eleventh through the Fifteenth Century. Berkeley 1971, and for an overview ]. PREISER-KAPELLER, Der
Episkopat im spidten Byzanz. Ein Verzeichnis der Metropoliten und Bischofe des Patriarchats von
Konstantinopel in der Zeit von 1204 bis 1453. Saarbriicken 2008, LIII-LVI.

51 D. H. NExON, The struggle for power in early modern Europe. Religious conflict, dynastic empires and
international change (Princeton studies in international history and politics). Princeton - Oxford 2009, 20-
66; cf. also H. KLEINSCHMIDT, Das Mittelalter in der Theorie der internationalen Beziehungen. Hamburg
2007.

52 Cf. the literature in fn. 36 and R. ALBERT - A.-L. BARABASI, Statistical Mechanics of Complex Networks.
Reviews of Modern Physics 74 (2002) 48-97.

53 E. TRAPP et al. (eds.), Prosopographisches Lexikon der Palaiologenzeit. CD-ROM-version, Vienna 2001.
On the political and social history of this period cf. A. E. LAlou, The Palaiologoi and the World around them
(1261-1400), in: ]. SHEPARD (ed.), The Cambridge History of the Byzantine Empire, c. 500-1492.
Cambridge 2008, 803-833; D. M. NicoL, The Last Centuries of Byzantium 1261-1453. Cambridge 21993,
152-184; G. WEIss, Joannes Kantakuzenos - Aristokrat, Staatsmann, Kaiser und Moénch - in der
Gesellschaftsentwicklung von Byzanz im 14. Jahrhundert. Wiesbaden 1969; K. P. KYRRES, To Bulavtiov
kata Tov IA" aiwva. ‘H mpwn @aots Tod éu@uiiov TOAELOL Kai 1) TPWTH cUVSLOAAayT TV 00 'AvEpovikwy
(1321). Leukosia 1982; D. S. KYRITSES, The Byzantine Aristocracy in the Thirteenth and Early Fourteenth
Centuries. Dissertation, Cambridge, Mass. 1997; K.-P. MATSCHKE - F. TINNEFELD, Die Gesellschaft im spéten
Byzanz. Gruppen, Strukturen und Lebensformen. Cologne - Weimar - Vienna 2001.
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most important noble families whose members all possessed important positions in the
state; the largest cluster is that of the imperial clan of the Palaiologoi itself. In order to
evaluate the network in its totality, we constructed a random network with the same
basic parameters as a benchmark so that we could identify some special features. We
compared the two networks with regard to the “three robust measures of network
topology” (see fig. 20)>*: average path length (or average distance between two nodes;
the path length between two directly connected actors is 1), the clustering coefficient (a
measure of the likelihood that two associates of a node are associates themselves. A
higher clustering coefficient indicates a greater “cliquishness”) and the average degree
(the average number of nodes an actor is directly connected with). Although we used the
same average degree for the random network, the differences between the two
networks with regard to path length and especially clustering coefficient are significant.
This indicates that the distances between the nodes in the network of Byzantine dynatoi
were smaller than what could be expected for a network of this size (the “small world”
phenomenon which has also been observed for many real world modern networks>3), at
the same time, the “cliquishness” among the Byzantine aristocracy at this time is high, a
characteristic which supports a more decentralized flow of power and influence within
the network. This result of network analysis converges with the internal situation in
Byzantium - civil war, intra-aristocratic competition - at this time. Yet of course
influence and power were not equally distributed among the dynatoi; this becomes
evident if we compare the distribution of degree (the number of nodes every node is
connected with) of the dynatoi-network with the random network (see fig. 21 and 22).
While in the later case the degree is very equally distributed around its average value,
the degree-distribution for the dynatoi-network is much more unequal and shows
similarities with the power law-distribution we observed for the cities in 1324. Again,
this is a phenomenon now well known from many studies on modern day larger scale
networks; it has been connected with a preferential attachment process, which means
that emerging ties between nodes are distributed among individuals according to how
much they already have, so that those who already have receive more than those who

have not.>¢ This would also be very much the case within a stratified elite such as we

54 As Réka Albert and Albert-Laszlé Barabasi have called them, cf. the citation in fn. 52; cf. also JACKSON,
Social and Economic Networks 56-65.

55 Cf. WaTTs, Small Worlds; ALBERT - BARABASI, Statistical Mechanics of Complex Networks.

56 ALBERT — BARABASI, Statistical Mechanics of Complex Networks (also for further literature); JACKSON,
Social and Economic Networks 130-134.
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observe it in later Byzantium; also a cumulative distribution of the “points of nobility”
determined by Kazhdan and Ronchey for the aristocratic families in the 11th and 12t
century which we calculated suggests a similar dynamic process for the unequal
distribution of power and influence within the elite (see fig. 23).57

Finally, we also compared the network of the Byzantine dynatoi with the network of the
“powerful” in a neighbouring emerging polity, that is the network of Osman Bey which
Karen Barkey constructed for her book “Empire of Difference” (see fig. 24) (we are well
aware of the problems of any such reconstruction on the basis of early Ottoman
chronicles).>8 The network of the then significantly smaller incipient Ottoman state is of
course also smaller than the Byzantine one and consists of 43 nodes. As the comparison
of some key figures demonstrates (see fig. 25), this smaller size results in a lower
average distance between the actors and a higher average potential speed for the flow of
information, resources etc. The network of the dynatoi is significantly more stratified
(11 network levels vs. 3 network levels); but although the Ottoman network is more
than four time smaller, the Clustering Coefficient of the Byzantine network is higher,
which once again indicates the high “cliquishness” within the Byzantine aristocracy.
That the network of Osman Bey in contrast is more centralized with regard to the
potential flow of influence, resources etc. is indicated by the higher centralization values
for closeness (which measures the average distance between one node and all other
nodes) and degree (cf. also the degree distribution of the Osman Bey-network, see fig.
26), whereas the higher betweenness centralization of the dynatoi-network hints again
at a higher de-centralisation of cliques and influence which gave actors the opportunity
to establish themselves as brokers. Thus, our analysis shows a highly stratified, more de-
centralised network of the Byzantine “powerful” confronted with a smaller, flexible
Ottoman network, in which the potential flows of power and resources are more
centralised in the hand of the ruler.

Finally, Alexander Kazhdan and Giles Constable shall be cited once more: “It is (...)
necessary to be very careful with Byzantine numerical data and to keep constantly in mind
how meager they are and how strongly their evaluation depends upon subjective

principles, which underlie all statistical investigations. Neither simple human calculations

57 KAZHDAN - RONCHEY, L’aristocrazia bizantina 239-246. For similar observations with regard to the
wealth distribution within the medieval Hungarian aristocracy see G. HEGYI - Z. NEDA - M. A. SANTOS, Wealth
distribution and Pareto’s law in the Hungarian medieval society. http://arxiv.org/PS_cache/physics/pdf
/0509/0509045v1.pdf.

58 K. BARKEY, Empire of Difference. The Ottomans in Comparative Perspective. Cambridge 2008, 48-55 and
65-66.
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nor the more intricate and sophisticated work of a computer can provide a completely
objective picture or create a secondary source of unshakable significance. But despite its
many limitations and restrictions, statistical evidence provides better, clearer, and more
reliable conclusions than the accumulation of occasional and separate examples.”>°

The combination of “separate examples” from the historical sources into models and
networks allows us to observe the emergence of new patterns which hint at complex
dynamics behind various aspects of late Byzantine society, economy and politics. As
complexity studies give us an opportunity to understand better interrelations and
mechanisms which form our reality, they may as well provide new insights into the

emergence of the past reality of Byzantium.

59 KAZHDAN -CONSTABLE, People and Power in Byzantium 177.
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Instability Index of Byzantium, 280-1400 AD (before 395 AD for the Eastern half of

the Roman Empire)
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Fig. 1: Instability Index for Byzantium, 280-1400 AD
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Fig. 2: Instability Index of Byzantium, 1150-1400 AD
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Fig. 4: A ,Dark Ages“- trajectory of the randomized Turchin-model
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Fig. 6: A population trajectory in the basic Turchin model (r = 3.5)
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Fig. 7: A population trajectory in the basic Turchin model (r = 3.7)
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Fig. 8: A population trajectory in the basic Turchin model (r = 3.9)
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Fig. 9: A population trajectory in the basic Turchin model (r = 4)
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Fig. 10: A population trajectory in the basic Turchin model (r = 4.1)
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Fig. 11: A trajectory of state income in the randomized Turchin-Model (So = 0.2)
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Fig. 12: A trajectory of state income in the randomized Turchin-Model (So = 0.0)
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Fig. 13: A trajectory of state income in the randomized Turchin-Model (So = 0.5)
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Fig. 15: The distribution of contributions from 33 bishoprics to the Patriarchate of

Constantinople, 1324 (in hyperpyra)
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Fig. 17: The network of the Byzantine village priest Basileios Aroules in Rabolibos,
Macedonia (1316)
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A hypothetical “Aroules-network” in a village in Bithynia in the 1340s

Fig. 18
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Fig. 19: Visualisation of the network of the dynatoi (the powerful), 1310-1341 (n = 187),
with Emperor Andronikos II Palaiologos and Emperor Andronikos III Palaiologos as two
centres of gravity

Fig. 20: A comparison between the network of the dynatoi and a random network with the
same basic parameters

Network of the dynatoi (n = 187)

Average path length 2.9254

Clustering Coefficient 0.2933

Average Degree 3.0214
Random network (n = 187)

Average path length 4.4706

Clustering Coefficient 0.0146

Average Degree 3.0214
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Fig. 21: Cumulative degree distribution for the random network

Cumulative degree distribution for the random dynatoi-network
(n=187)

frequency

6 8 10 12

o
N
E

degree

Fig. 22: Cumulative degree distribution of the network of dynatoi, 1310-1341
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Fig. 23: Cumulative distribution of “points of nobility” among noble families in Byzantium,
976-1204 AD (data from: KAZHDAN - RONCHEY, L’aristocrazia 239-246)
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Fig. 24: The network of Osman Bey, 1324 (after: K. BARKEY, Empire of Difference. The

Ottomans in Comparative Perspective. Cambridge 2008, 49).
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Fig. 26: Cumulative degree distribution of the Osman Bey - network
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