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Abstract: The paper is designed to explain several nonlinear effects inherent to social 

movements. The authors rely on the ideas and tools of self-organized criticality (SOC) 

theory to interpret mechanisms of protest outbreaks in history. The subject of the study is 

the numerical series reflecting the dynamic of peasant unrest in Russia from 1857 to 1900, 

and the intensity of urban riots in Russia in 1917–1918. Pink noise, an attribute of SOC, 

can be identified in some of the numerical series. Thus, it can be argued that those 

respective societies had significant transformational potential because pink noise may 

forebode avalanches – abrupt system-wide transformations. In such social systems, large-

scale social movements could be inspired by ordinary factors to then grow intermittently. 

Microscopic social problems generate macroscopic perturbations. Pink noise and 

consequent avalanches were produced as a result of deep internal processes which were 

barely noticeable to external observers – politicians, intellectuals, civil servants. In the 

studied historical episodes, the processes leading to social upheaval would not be 

extinguished in the periods of social and political stability. The authors bring forward a 

typology of protest activity based on the color/type of noise identified in the numerical 

series studied. 

Keywords: self-organized criticality, pink noise, protest movements. 
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Movimentos sociais analisados no contexto da teoria da Criticalidade Auto-

Organizada 

 

Resumo: O artigo tem o objetivo de explicar alguns efeitos não lineares inerentes a 

movimentos sociais. Os autores se baseiam em ideias e ferramentas da teoria da 

Criticalidade Auto-Organizada (SOC, na sigla em inglês) para interpretar mecanismos de 

eclosão de protestos na história. O objeto do estudo são as séries numéricas que refletem 

a dinâmica de levantes camponeses na Rússia de 1857 a 1900 e a intensidade de distúrbios 

urbanos em 1917-1918. O ruído rosa, um atributo da SOC, pode ser identificado em 

algumas séries numéricas. Portanto, pode ser argumentado que essas respectivas 

sociedades tiveram um significativo potencial transformacional, tendo em vista que o 

ruído rosa pode pressagiar avalanches – transformações sistêmicas abruptas. Em tais 

sistemas sociais, movimentos sociais em larga escala podem ser inspirados por fatores 

comuns para então crescerem intermitentemente. Problemas sociais microscópicos geram 

perturbações macroscópicas. O ruído rosa e as avalanches consequentes foram 

produzidos como resultado de processos internos profundos que eram pouco percebidos 

por observadores externos – políticos, intelectuais, servidores públicos. Nos episódios 

históricos analisados, os processos que levaram à sublevação social não poderiam ser 

debelados nos períodos de estabilidade social e política. Os autores apresentam uma 

tipologia de atividades de protesto baseados na coloração ou tipo de ruído identificado 

nas séries numéricas estudadas. 

Palavras-chave: Criticalidade Auto-Organizada. Ruído rosa. Movimentos de protesto 

 

 
Problem, hypothesis, tasks 

 

eft ideas and radical political practices have had numerous periods of decay and 

of explosive growth alike. This is a reflection of a strange social movement 

dynamic which underpins the political left. Many cases in history show that 

following a long period of stagnation, protest activity would rise sharply. Submissive 

peasants set fire to the estates. Law-abiding burghers trashed police stations. Royal 

lawyers established republics. Mass-scale left leanings appeared/revived so rapidly that 

rebellions and revolutions seemed uncalled for, and even the left-wing politicians did not 
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see them coming. Thus, at the beginning of 1917, Vladimir Lenin said that revolution in 

Russia was a matter of the remote future. 

It can be assumed that radical social movements emerge in response to a powerful 

extraordinary factor (a war, economic crisis, natural disaster) and extinguish as soon as 

this factor is eliminated.  

Another point of view is that social movements are determined by deep and ongoing 

factors rooted in the social system, in daily routine practices, and in norms of social 

interaction. To an external observer (politicians, intellectuals, civil servants), the 

processes building up to outbreaks may be imperceptible, and the defects of the social 

system may seem insignificant until right before they bring it to collapse. In this 

paradigm, extraordinary factors are not viewed as essential contributors, but only as 

triggers or even abstract speculations developed by historians in the aftermath of the 

event.  

How can we discover and measure the latent protest/transformational potential? 

How can we explain rotation between social stability and outbreaks? How can we 

describe mechanisms and prerequisites of abrupt social upheavals? In this article, we will 

attempt to answer these questions. 

In the natural sciences, similar effects are explained with the help of self-organized 

criticality (SOC) theory developed by a number of researchers, in particular Per Bak, 

Chao Tang, and Kurt Wiesenfeld (1988). We will try to show that SOC theory is 

applicable and heuristically efficient in social sciences as well.  

Traces of SOC were identified in two historical processes studied. The first one is 

peasants’ protest activity in European Russia over a few decades that preceded the first 

Russian revolution of 1905–1907. The second process is urban protest activity in Russia 

in 1917–1918, namely over the course of the February and October revolutions, and also 

at the beginning of the civil war. 

 

Approaches 

When a system is in criticality state, any event, however minor, will have not only 

local, but system-wide implications. Hence, even a short and weak impulse may initiate 

cause-and-effect waves which do not extinguish. Such waves overlap, and then they 

intensify or weaken each other. Self-organized criticality may only appear in the systems 

having a number of prerequisites; thus, they comprise a multitude of elements and causal 

loops. Also, there may not be any material constraints to the interaction between the 
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elements. The main parameters of a system in the state of criticality change in pink noise 

mode (1/f-noise), which is believed to be an attribute of SOC. Pink noise (Figure 1) is a 

process which consists of ups and downs, each of which, in turn, is an aggregate of smaller 

ups and downs, and so on. Pink noise is a fractal process, in which each element is similar 

to the aggregate (MANDELBROT, 1982). 

Systems in the state of criticality are prone to abrupt and crucial transformations – 

avalanches, when one or several key parameters break down. This is why pink noise is 

considered to be an indicator of rapid and drastic system transformations. However, there 

are known critical systems with specific sustainability mechanisms that have existed for 

an indefinitely long period of time, although permanent anticipation of disaster is a 

normal state for such systems. 

Self-organized criticality theory pretends to provide a universal explanation of the 

nature of pink noise and its effects. Pink noise and avalanches are caused by microscopic 

processes. SOC theory binds microscopic dynamic in a system to changes in a multitude 

of its tiniest elements. Very weak impact can initiate processes resulting in an avalanche. 

It can be an external impulse or a random event. If a system has certain intrinsic 

properties, then causal loops will not allow impulses to extinguish. Numerous interacting 

elements within the system will not equilibrate. However, for a long period of time, 

catastrophic processes do not manifest themselves. As a rule, an avalanche emerges 

abruptly, causing system parameters to drop to infinity. This can mean a social upheaval 

or an earthquake, mass loss of animals or disastrous flooding of a river.  

Avalanches are nonlinear effects, when the cause and effect ratio is no longer 

commensurate. Ordinary microscopic factors can generate extraordinary macroscopic 

events. The previous day or year, some trivial factors seemed to have no real effect, but 

then suddenly they cause a disaster.  

An external observer must think that an avalanche happens unexpectedly, for no 

reason. But there is always a reason, of course. Besides, using SOC theory, we can 

identify systems on the verge of an avalanche relatively easy. Pink noise can be calculated 

accurately and then serve as an indicator of system situation. 
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Figure 1. Example (А) and spectrogram (B) of pink noise. 

 

Source: D. Zhukov, V. Kanishchev, S. Lyamin. 

 

Figure 2. Example (А) and spectrogram (B) of white noise. 

 

Source: D. Zhukov, V. Kanishchev, S. Lyamin. 

 

Figure 3. Example (А) and spectrogram (B) of red noise. 

 

 

Source: D. Zhukov, V. Kanishchev, S. Lyamin. 
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Although pink noise has a significant share of random elements, it is fundamentally 

different from the chaotic white noise (Figure 2). White noise is a process which has no 

memory or regularities.  

On the contrary, red (Brownian) noise is a conservative evolutional process with a 

great, though short-term memory (Figure 3). In this case, each and every event is 

determined by its antecedent. Random deviations are only possible within a narrow range. 

We believe that changes in the signal type/color may be an indicator that can help 

identify when and which major changes occurred or are currently occurring in the studied 

system. Moreover, identification of pink noise in a signal enables us to bring forward 

SOC-based hypotheses and interpretations. 

The subject of this study is numerical series/signals reflecting the number of protest 

events over certain time segments within the total period studied. 

Spectrum analysis can detect pink noise. By means of fast Fourier transform, the 

complex signal is broken down into an array of harmonics. Each harmonic is a simple 

signal with constant frequency and amplitude. Spectrograms are normally built in double 

logarithmic space. Axis х shows the frequency of each harmonic, and axis у its power, 

which is proportionate to squared amplitude. A complex signal consists of numerous 

harmonics, which look like an assembly of points on a spectrogram. If this assembly of 

points follows a power law, then the power law exponent allows for identifying the 

process as pink or red (Brownian) noise, or for making a hypothesis on the presence of 

white noise. 

The power trend line is defined by a formula (1), where f is frequency, S is power, 

and α is the power law exponent: 

 

 (1) 
 

Exponent α defines the slope of the straight line on the spectrogram (Figures 1B, 

2B, 3B). If α ≈ 1, it means pink noise. If α ≈ 2, then the noise is considered to be red. 

If α ≈ 0, then the straight line is parallel to axis х. Such a signal can possibly be 

white noise. But since identification of white noise requires extensive data and special 

tests, we can only speculate hypothetically about the presence of white noise in our data.  
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A standard R2 tool was used to verify the trend. The closer R2 was to 1, the more 

solidly the trend line approximated the points on the spectrogram. Low R2 combined with 

α approaching 0 means there were no patterns inherent to pink noise, which overall was 

enough for our interpretations.  

 

Literature 

In nature, many systems have been discovered to emit pink noise. They include 

fluctuations in river heights, quasar light emissions, electrical activity of the human brain, 

the frequency of traffic jams, and many more. Pink noise can be viewed as the voice of 

the Universe.  

Bak described pink noise as follows: 

There are features of all sizes: rapid variations over minutes, and 

slow variations over years… The signal can be seen as a 

superposition of bumps of all sizes; it looks like a mountain 

landscape in time, rather than space. The signal can, equivalently, 

be seen as a superposition of periodic signals of all frequencies. 

This is another way of stating that there are features at all time 

scales. Just as Norway has fjords of all sizes, a 1/f signal has 

bumps of all durations. (BAK, 1996, p. 21-2). 

To illustrate how widely it occurs in nature, he used the term “punctuated 

equilibria”:  

Large intermittent bursts have no place in equilibrium systems, 

but are ubiquitous in history, biology, and economics… The 

complex status is on the border between predictable periodic 

behavior and unpredictable chaos. […] Systems with punctuated 

equilibria combine features of frozen, ordered systems with those 

of chaotic, disordered systems. Systems can remember the past 

because of the long periods of stasis allowing them to preserve 

what they have experienced through history, mimicking the 

behavior of frozen systems. Meanwhile, they can evolve because 

of intermittent bursts of activity. (BAK, 1996, p. 29–31, 143). 
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A number of researchers have contributed to the expansion of ideas and 

methodology of SOC theory into a wide array of sciences (including the social sciences): 

Donald Turcotte (1999), Donald Turcotte and John Rundle (2002), Mark Buchanan 

(2000), Gregory Brunk (2001, 2002a, 2002b), and Georgy Malinetskii (2013). 

In his article “Why Do Societies Collapse?” Brunk declared:  

I advance a theory of the collapse of societies that is based on self-

organized criticality, which is a nonlinear process that produces 

sudden shifts and fractal patterns in historical time series. More 

generally, I conjecture that weak, self-organized criticality is 

ubiquitous in human systems. If this conjecture is correct, it 

would not only explain the source of total societal collapses but 

the pattern of most other sorts of human calamities and even the 

frequency distribution of many mundane day-to-day events 

(BRUNK, 2002b, p. 195).  

In another work, he raises questions about the nature of abrupt social 

transformations in history: 

Why do distributions of historical data almost always contain a 

few extreme events that seem to have had a different cause from 

all the rest? Why do so many of our “lessons of history” fail to 

predict important future events? As people, organizations, and 

nations become increasingly sensitive to each other’s behavior, 

trivial occurrences sometimes propagate into sudden changes. 

Such events are unpredictable because in the self-organized 

criticality environment that characterizes human history, the 

magnitude of a cause often is unrelated to the magnitude of its 

effect (BRUNK, 2002a, p. 25). 

Theoretical and survey works (BORODKIN, 2005) contain numerous assumptions 

that SOC theory is applicable and heuristically efficient in the social sciences. Thomas 

Kron and Thomas Grund (2009) made a philosophical generalization that modern society 

has attributes of criticality. But outside economics, there are only a handful of articles that 

aim to prove the presence of SOC in specific social processes.  
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One of the earliest attempts to identify SOC in social reality was the research paper 

by David Roberts and Donald Turcotte (1998) on military conflicts. Having reviewed the 

statistics of wars since the fifteenth century authors concluded the following: 

One can qualitatively discuss the breakdown of order in the world 

in a similar manner to the “forest fires” in the forest-fire model. 

In the forest-fire model, sometimes a match starts a fire and 

sometimes it does not. Some fires are large and some are small... 

In terms of world order there are small conflicts that may or may 

not grow into major wars. The stabilizing and destabilizing 

influences are clearly very complex. The results we have shown 

indicate that world order behaves as a self-organized critical 

system independent of the efforts made to control and stabilize 

interactions between people and countries (ROBERTS and 

TURCOTTE, 1998, p. 357). 

Lars-Erik Cederman (2003) also discovered power laws in the history of wars. 

Michael Biggs (2005) detected power laws in class conflicts in Chicago and industrial 

strikes in Paris in the late nineteenth century. In 2014, Simone Picoli et al. (2014) 

published a paper demonstrating power-law distribution in a number of violent events in 

Iraq, Afghanistan, and Northern Ireland.  

Dmitry Zhukov, Valery Kanishchev, and Sergey Lyamin (2016) discovered the 

presence of pink noise in historical data. This proved the hypothesis that changing noise 

color is a good indicator of force, direction, and time of transformations in the social 

system in question. Identifying the type of noise makes it possible to typify social systems 

and evaluate their potential for outbreaks. Ichiro Shimada and Tomio Koyama (2015) 

studied the dynamic of electoral preferences in Japan. Researchers showed that SOC 

effects may be indicative of the system’s readiness for social transformations. Raymond-

Alain Thietart (2016) found SOC effects in a large corporation. 

Self-organized criticality effects are very often identified in agent-based models 

(TURCOTTE, 1999). Simulation models, especially the evolution model (SNEPPEN et 

al., 1995), play a very important role in SOC theory. 
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Peasant unrest in Russia in the second half of the nineteenth century 

Sources 

Primary numerical series were sourced from a database put together based on the 

available printed documents. We measured the intensity of peasant unrest by six-month 

periods in most governorates of the European Russia from 1857 to 1900. Examples of 

primary numerical series are provided in Figure 4. The database and its compilation 

method and sources are available on the website of the Center for Fractal Simulation 

(http://ineternum.ru/bd-pr/). Protest activity was related to the results of peasant reforms 

of the 1860s, when the fields, forests, and water resources allocated to peasants were far 

below their needs, and the quality of these resources was at times inferior as well. 

 

Figure 4. Peasant unrest in several governorates of Russia, 1857–1900 

 
Source: D. Zhukov, V. Kanishchev, S. Lyamin. 

 
 
Results 

Numerical series were subjected to spectrum analysis, which allowed identification 

of power-function distributions (Table 1). 
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Table 1. Power-function distributions in the dynamic of peasant unrest in Russia, 1857–
1900 

 

Governorate 
Number of 

events 
α R2 

Vladimir 377 0.81 0.383 
Vologda 152 0.82 0.763 
Voronezh 299 1.09 0.576 
Vyatka 313 0.88 0.665 
Kazan 390 1.00 0.694 
Kaluga 335 0.70 0.348 
Kostroma 165 0.71 0.315 
Kursk 381 1.51 0.750 
Moscow 279 0.96 0.473 
Nizhni 
Novgorod 

360 0.85 0.447 

Novgorod 428 1.09 0.607 
Olonets 100 1.46 0.624 
Orenburg 88 0.53 0.244 
Orel 509 1.67 0.723 
Penza 443 1.19 0.621 
Perm 192 0.54 0.186 
Petersburg 150 1.03 0.494 
Pskov 179 0.76 0.636 
Ryazan 318 1.55 0.678 
Samara 404 0.98 0.475 
Simbirsk 240 0.53 0.259 
Smolensk 741 1.43 0.500 
Stavropol 105 1.15 0.663 
Tver 209 0.99 0.543 
Ufa 172 1.52 0.702 
Yaroslavl 113 0.55 0.227 
Saratov 731 0.93 0.541 
Tambov 339 0.93 0.502 
Tula 220 0.88 0.498 

 
 
Figure 5 represents some of the spectrograms that show different types of results. 
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Figure 5. Spectrogram of intensity of peasant unrest, 1857–1900. 

 

A – Vologda governorate (α = 0.82; R2 = 0.763); B – Kursk governorate (α = 1.51; R2 = 0.75). 
Source: D. Zhukov, V. Kanishchev, S. Lyamin. 

 

Interpretations 

We believe that red noise (α ≈ 2) is inherent to mature protest movements, designed 

and organized by some revolutionary force. But in most governorates studied, numerical 

series showed signs of pink noise. This gives evidence of a SOC process. Internal 

properties of local peasant communities determined a significant social potential for rapid 

growth in protest activities set off by very trivial factors.  

In the second half of the nineteenth century, European Russia had run out of 

resources for extensive agricultural development, as there was no more virgin land left to 

plow. A demographic increase brought about a drastic reduction in the average area of 

land per peasant. As a result, labor efficiency and marketability (ratio of commodity 

output to the total output) remained extremely low. Low profitability and excessive 

manpower hampered introduction of intensive agricultural technologies in the peasant 

economy. A phenomenon of agrarian overpopulation developed in Central Russia. In 

short, peasant population was facing a dead end. In addition, a significant share of the 

Russian territory lies in areas of high-risk farming, and the nineteenth century 

technologies could not ensure enough harvest every year.  

Peasants’ farming activities were regulated by the local community, which 

prevented differentiation to ensure the survival of all its members. The community was 
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the main self-organizing institution, which handled both external and internal threats. But 

as traditional survival mechanisms were becoming increasingly ineffective, the 

community started to unwillingly produce social activism.   

Even in those years in which peasants were calm, this did not mean that the 

processes leading to social outbreaks had faded out or disappeared. The protest dynamic 

on Figure 4 appears to be fading, but already in 1905 Russia was faced with agrarian 

revolution.  

 

Urban riots in Russia in 1917–1918  

Sources 

Primary numerical series were sourced from a database on about 1200 urban riots 

in Russia registered in the archives of the Ministry of Interior of the Provisional 

Government and People’s Commissariat of Internal Affairs of the Soviet government. It 

includes mob punishment of policemen and other officers; trashed retail outlets and theft 

of goods, including alcohol (Russia implemented a dry law during World War I); and 

other similar misdoings. The database is open to the public (http://ineternum.ru/bunti/). 

Based on this database, we put together numerical series reflecting the intensity of 

urban riots by week in the period from February 2017 until August 2018 – that is, during 

the February and October revolutions and at the beginning of the civil war. Examples of 

such series are shown in Figure 6. 

 

Figure 6. Intensity of urban protests, 1917–1918 

 

Source: D. Zhukov, V. Kanishchev, S. Lyamin. 
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Results 

Power law exponents and R2 are presented in Table 2. Examples of spectrograms 

are shown in Figure 7. 

 
Table 2. Identification of pink noise in the dynamic of urban riots, 1917–1918. 

Region 
Number of 
events 

α R2 

Total Russia 1172 0.72 0.637 
Volga region (Middle Volga)  147 0.29 0.122 
Ukraine and Moldavia 165 0.99 0.581 
Central industrial area 
(excluding Moscow) 192 

0.24 0.210 

Central Black Earth Region 80 0.24 0.093 
Moscow 90 0.49 0.314 
Petrograd 194 0.76 0.319 

 

 

Figure 7. Spectrograms of the dynamic of protest activity, 1917–1918 

 

А – total Russia (α = 0.72; R2 = 0.637); B – Volga region (α = 0.29; R2 = 0.122). 
Source: D. Zhukov, V. Kanishchev, S. Lyamin. 

 

Interpretations 

In most regions, the power law exponent is close to zero, which is not pink noise. 

Apparently, in this case we are dealing with chaotic numerical series. It seems that large 

regions lacked social cohesion and did not accumulate and channel enough protest 
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potential (with the exception of Petrograd, Moscow, and also Ukraine). But on a national 

scale, urban riots in 1917–1918 did have elements of pink noise (Table 1, line 1). This 

shows that overall, Russian society was in the state of SOC. Microscopic events and 

processes generated outbursts of different scale, including avalanches that would span the 

whole country.  

Traditional institutions of urban self-organization – guilds – were born from 

medieval corporations. They were not designed to encourage social activism, but in the 

new conditions they degraded or mutated. 

Reforms of the 1860s spurred population mobility. Cities became flooded with 

peasants looking for means to sustain themselves. Industrial facilities needed but a small 

part of the fresh labor force. By the beginning of the twentieth century, the resulting 

“peasantization” and marginalization of the cities had become massive. Most 

townspeople’s welfare and social status were shaky and uncertain. The world and civil 

wars added to this the devastation in the middle classes – tradesmen, homeowners, 

salespeople, and small proprietors, who faced the threat of falling into the lower classes 

of wage workers. The idea was very frustrating for a petit bourgeois; it made them 

rebellious and spurred them to join forces with lower classes.  

Thus, while peasant migration into the cities was not enough to solve their 

problems, it did cause major imbalance in the cities. 

 

Conclusion 

Communities in which protest activities show signs of white noise probably do not 

have internal drivers and consistent motives for protests. In this case, social movements 

are caused by brief and occasional factors which disappear just as easily as they arise.  

We assume that red noise is indicative of highly organized protest movements. In 

the historical episodes studied, we did not see this effect in pure form.  

A type of protest activity indicated by pink noise presents the highest threat to 

system stability. Self-organized criticality is inherent to societies prone to explosive 

growth in protests due to their intrinsic properties. In such societies, avalanches 

(outbreaks of small- and medium-scale activity) may be caused by very ordinary and 

weak factors. On the microscopic level, some critical processes do not fade out even in 

periods of social inactivity. As a result, from time to time, a specific combination of such 

processes may generate outbreaks of activity which to an external observer may appear 

to have no apparent reasons.  
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It did not take a powerful and prominent destabilizing factor to provoke such 

avalanches. Even if there was an extraordinary factor, it was a pretext rather than the main 

cause. 

A social outbreak is a manifestation of transformational potential within a system. 

We assume that such potential existed in the studied historical episodes and many other 

societies in the past, just as it exists today in people’s daily lives and their business 

practices, behavior, interaction codes, and so on.   

In the early twentieth century, the political forces in Russia could spot the critical 

processes to some extent, but they did not realize their true transformational potential. 

Conservative and liberal parties were capable of neither channeling the protest potential 

into the legitimate political field nor de-escalating tensions through reforms. In 1917, only 

the left radical forces found themselves on top of the wave, much to their own surprise.  

 

 

Acknowledgement 

This study was conducted with financial support from the Russian Foundation for Basic 

Research (Project №. 17-06-00082а, “Application of self-organized criticality theory in 

the study and simulation of social systems and historical processes”). 

 
References 

BAK, Per. How Nature Works: The Science of Self-Organized Criticality. New York: 
Copernicus, 1996. 
 
BAK, Per; TANG, Chao; WIESENFELD, Kurt. Self-Organized Criticality. Physical 
Review A, v. 38, n. 1, p. 364-74, 1988. 
 
BIGGS, Michael. Strikes as Forest Fires: Chicago and Paris in the Late Nineteenth 
Century. American Journal of Sociology, v. 110, p. 1684-1714, 2005. 
 
BORODKIN, Leonid. Methods of Complexity Science in Political History Studies. 
International Trends, v. 1, p. 4-16, 2005. [In Russian] 
 
BRUNK, Gregory. Self-Organized Criticality: A New Theory of Political Behaviour and 
Some of Its Implications. British Journal of Political Science, v. 31, p. 427-445, 2001. 
DOI:10.1017/S0007123401000163. 
 
BRUNK, Gregory. Why Are So Many Important Events Unpredictable? Self-Organized 
Criticality as the ‘Engine Of History.’ Japanese Journal of Political Science, v. 3, p. 25-
44, 2002a. DOI:10.1017/S1468109902000129. 
 



Acesso Livre n. 8   jul.-dez. 2017 
 

91 
 

BRUNK, Gregory. Why Do Societies Collapse? A Theory Based On Self-Organized 
Criticality. Journal of Theoretical Politics, v. 14, p. 195-230, 2002b. 
DOI:10.1177/095169280201400203. 
 
BUCHANAN, Mark. Ubiquity: The Science of History or Why the World Is Simpler Than 
We Think. London: Weidenfeld & Nicolson, 2000. 
 
CEDERMAN, Lars-Erik. Modeling the Size of Wars: From Billiard Balls to Sandpiles. 
American Political Science Review, v. 97, p. 135-150, 2003. 
 
KRON, Thomas; GRUND, Thomas. Society as a Self-Organized Critical System. 
Cybernetics & Human Knowing, v. 16, n. 1-2, p. 65-82, 2009. 
 
MALINETSKII, Georgy. Theory of Self-Organization: On the Cusp of IV Paradigm. 
Computer Research and Modeling, v. 5, n. 3, p. 315-366, 2013. [In Russian] 
 
MANDELBROT, Benoit. The Fractal Geometry of Nature. New York: W. H. Freeman, 
1982. 
 
PICOLI, Simone; del CASTILLO-MUSSOT, Marcelo; RIBEIRO, Haroldo; LENZI, 
Ervin; MENDES, Renio. Universal Bursty Behaviour in Human Violent Conflicts. 
Scientific Reports, v. 4, p. 1-3, 2014. 
 
ROBERTS, David; TURCOTTE, Donald. Fractality and Self-Organized Criticality of 
Wars. Fractals, v. 6, n. 4, p. 351-357, 1998. DOI:10.1142/S0218348X98000407. 
 
SHIMADA, Ichiro; KOYAMA, Tomio. A Theory for Complex System’s Social Change: 
An Application of a General ‘Criticality’ Model. Interdisciplinary Description of 
Complex Systems, v. 13, n. 3, p. 342-353, 2015. DOI:10.7906/indecs.13.3.1. 
 
SNEPPEN, Kim.; BAK, Per; FLYVBJERG, Henrik; JENSEN, Mogens. Evolution as a 
Self-Organized Critical Phenomenon. Proceedings of the National Academy of Sciences, 
v. 92, n. 11, p. 5209-5213, 1995. 
 
THIETART, Raymond-Alain. 2016. Strategy Dynamics: Agency, Path Dependency, and 
Self-Organized Emergence. Strategic Management Journal, v. 37, n. 4, p. 774-792. 
DOI:10.1002/smj.2368. 
 
TURCOTTE, Donald. Self-Organized Criticality. Reports on Progress in Physics, v. 62, 
n. 10, p. 1377, 1999. DOI:10.1088/0034-4885/62/10/201. 
 
TURCOTTE, Donald; RUNDLE, John. Self-Organized Complexity in the Physical, 
Biological, and Social Sciences. Proceedings of the National Academy of Sciences, v. 99, 
p. 2463-2465, 2002. 
 
ZHUKOV, Dmitry; KANISHCHEV, Valery; LYAMIN, Sergey. Application of the 
Theory of Self-Organized Criticality to the Investigation of Historical Processes. Sage 
Open, v. 6, n. 4, p. 1-10, 2016. DOI:10.1177/2158244016683216. 
 


