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ABSTRACT 
 
Patterns in war dynamics reveal that during the period 1495-1945, Europe produced four 
accelerating war cycles that constitute a self-organized finite-time singularity dynamic. Each 
cycle consisted of a relatively stable period followed by a systemic war. Systemic wars were 
instrumental in the periodic reorganization of the System. During relatively stable periods, 
the System produced non-systemic wars with local and more limited impacts. The finite-time 
singularity dynamic was instrumental in the integration of the System’s core (Europe) and in 
its expansion to the non-core. In 1939, the System’s core reached the singularity in finite 
time, produced infinite amounts of tension and consequently collapsed. In response, the 
System produced a phase transition that led to the simultaneous implementation of non-
anarchistic structures in Europe and to the first global order at the global level of the System. 
Several quantifiable properties of the System developed very regularly and at an early stage 
signaled the core's eventual collapse.  
Typically, non-systemic war dynamics are chaotic in nature; however, during the period 
1657-1763, non-systemic war dynamics were temporarily periodic, and the System produced 
two highly predictable sub-cycles. Chaotic non-systemic war dynamics were more restrained 
and essential for the System’s regular development. The deterministic nature of war 
dynamics - a fact that has not been recognized until now - emphasizes the need for a 
paradigm shift to make full use of the potential of these new insights into the working of the 
System, war dynamics and their relation to the System’s development. 
 
 
war dynamics | international system | accelerating war cycles | finite-time singularity dynamic 
| social integration and expansion | patterns | prediction 
 
 
 
SIGNIFICANCE STATEMENT 
 
In this report, I present four war cycles and patterns that can be identified in the war 
dynamics of the System during the period 1495-1945. This study shows that the System and 
its dynamics are to a certain degree deterministic in nature. The cycles, the patterns that can 
be identified and the consistency of the war dynamics of the System, demonstrate that certain 
properties of the war dynamics and development of the System can be predicted. The 
research findings discussed in this paper provide numerous clues to better control and 
eventually prevent wars, thus averting suffering and destruction. The paper demonstrates the 
need for a fundamental change in the basic concepts and practices employed by historians 
and international relations scholars. 
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1. INTRODUCTION 
 
War is a recurring phenomenon in the International System. Wars cause destruction and 
suffering and now have the potential to lead to the self-destruction of humankind, given the 
destructive power we have now amassed. Despite numerous efforts, our understanding of 
war, its origins and effects, as well as its relation to the development of the System is still 
very rudimentary (1, 2, 3, 4, 5, 6, 7). This situation is mostly taken for granted, and we have 
limited our efforts regarding war to fighting them and so-called ‘damage control’.   
Recent insights into the workings of complex systems and networks, however, can contribute 
to a better understanding of war, war dynamics and the development of the System, as I argue 
in this research report.  
In this report, I present patterns that can be identified in the war dynamics of the System, and 
I propose mechanisms that produced these patterns. The research I present in this paper is not 
simply a new ‘opinion’ but is based on facts and data analysis, and obtained by the 
application of the scientific method. These new insights provide clues to improve our ability 
to control and eventually prevent war. 
The data used for this analysis are taken from Levy (5) and concern the wars of the Great 
Powers during the period 1495-1975. Levy uses several exact criteria that distinguish the 
Great Powers from ‘normal’ states, including the following: “A Great Power is defined here 
as a state that plays a major role in international politics with respect to security-related 
issues. The Great Powers can be differentiated from other states by their military power, their 
interests, their behavior in general and interactions with other powers’ perception of them, 
and some formal criteria.” Levy argues that the Great Powers constitute a coherent System 
that started in Europe in 1495. The research shows that patterns in war dynamics can be 
observed from that moment onward, confirming that around 1495 the interactions between 
‘units’ in the System (predecessors of states) became sufficiently regular and intensive to 
produce system behavior. Part of the database is included in the Supporting Information 
(Table S1) that accompanies this report. 
Initially, the war dynamics of the System only concerned Europe - the System’s core - but at 
a later stage also involved ‘units’ and states outside Europe as the core expanded to the 
System’s non-core.  
Analysis of war data indicates that each cycle typically consists of a relatively stable period 
followed by what I denote as a systemic war. During relatively stable periods, interactions in 
the System are regulated by ‘international orders’, which consist of generally ‘accepted’ – but 
only temporarily effective – rule sets.  
The System is anarchistic in nature: states are sovereign and reject formal hierarchy. In 
anarchistic systems, states are responsible for their own security. Inherent to anarchistic 
systems is that one state’s security is another state’s insecurity; a mechanism - also referred to 
as the security dilemma - that results in self-reinforcing feedback structures that at certain 
points dominate the (war) dynamics of the System. 
I argue that population growth and rivalries between states in the System are closely related 
to the security dilemma. Furthermore, I argue that wars can also be considered tension 
releases in the System. 
After presenting the results of the research and the methods that were used, I discuss several 
mechanisms that can explain the observed phenomena.  
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2. RESULTS AND METHODS 
 
2.1 Properties of systemic wars.  
 
I argue that two fundamentally different types of war can be distinguished: systemic and non-
systemic wars. During relatively stable periods, the System produces non-systemic wars. 
Systemic wars typically follow relatively stable periods and signal the collapse of the 
international order that was imposed during the relatively stable period. In contrast with non-
systemic wars, systemic wars involve all the Great Powers that the System contains at the 
time of the war and typically have a significant impact on the 'order’ - the organization - of 
the System. Systemic wars are responsible for the periodic reorganization of the anarchistic 
System, for the (re-)alignment of positions of power and influence of states with the order 
that is imposed.  
Based on the two criteria and the judgment of historians regarding the impacts of wars on the 
System’s order, four systemic wars can be identified during the period 1495-1945 (see Table 
1).  
 
 

Systemic wars (1495-1945) 
 

 Systemic war Period No dataset Levy Severity (bcd) 
 

1 The Thirty Years’ War 1618-1648 46, 47, 48, 49 1,971,000 
2 The French Revolutionary and 

Napoleonic Wars 
1792-1815 84, 85 2,532,000 

3 The First World War 1914-1918 107 7,734,300 
4 The Second World War 1939-1945 113 12,948,300 

 
Table 1: The table shows the four systemic wars that the System produced during the period 1495-
1945, including their severities. Severity is defined as the number of battle-connected deaths (bcd) of 
military personnel of the Great Powers participating in a war (5). Data from Levy (5). 
 
 
2.2 Properties of cycles.  
 
The identification of four systemic wars makes it possible to identify the four relatively stable 
periods that typically precede systemic wars. Whereas the System is reorganized during 
systemic wars, during relatively stable periods, international orders are ‘in place’ (imposed) 
that regulate interactions between states and ensure a certain predictability in behavior and 
that the war dynamics of the System stay reasonably contained. Wars that the System 
produces during relatively stable periods I denote as ‘non-systemic wars’. I define a relatively 
stable period and the systemic war that follows as a ‘cycle’.  
A closer look at the lifespans of the four successive cycles during the period 1495-1945 
reveals that except for the lifespan of the second cycle (1648-1815), the lifespans shorten in 
duration. The severities of successive systemic wars increased ‘at the same time’. The 
increasing frequencies of cycles and their increasing amplitudes (severities) seem (at least 
statistically) to be closely related: the correlation coefficient between the lifespans of 
successive cycles and severities of systemic wars is -0.99. 
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Cycles (1495-1945) 
 

 Period Lifespan (years) Total severity (bcd) 
 

1 1495-1648 153 2,976,000 
2 1648-1815 167 7,550,300 
3 1815-1918 103 8,484,680 
4 1918-1945 27 13,283,300 

 
Table 2: The table shows the main properties of the four cycles that the System produced during the 
period 1495-1945. Data from Levy (5). 
 
 
2.3 Properties of relatively stable periods.  
 
It is now also possible to identify four relatively stable periods that preceded the four 
respective systemic wars. During relatively stable periods, ‘stability’ is anchored in and 
maintained by international orders that are imposed on the System.  
As mentioned above, during relatively stable periods, the System produces non-systemic 
wars. It is possible to distinguish two types of non-systemic wars: non-systemic wars in the 
System’s core (Europe) that are closely related to a process of integration of the core, which I 
refer to as ‘integration wars’, and so-called ‘expansion wars’, i.e., non-systemic wars that are 
related to the expansion of the core to the System’s non-core, or concern autonomous non-
core wars. 
In Fig 1. the different types of wars are shown, including their respective occurrences during 
the period 1495-1945. 
 
 

 
 
Figure 1: In this figure, a ‘taxonomy’ of wars is presented, including their respective numbers during 
the period 1495-1945. It is based on a cyclical perspective and on the different purposes of wars. Two 
main categories of wars can be distinguished: systemic and non-systemic wars. Depending on their 
‘purpose’, non-systemic wars can either be ‘integration wars’ - closely related to the integration of 
the System’s core (Europe) - or expansion wars, which are manifestations of the expansion of the core 
(Europe) to the non-core, and of autonomous non-core war dynamics. Depending on the nature of 
their dynamics, integration wars can be ‘chaotic’ or ‘periodic’ in nature. 
 
 
In the table and figure below (Table 3, Fig. 2), I specify several properties of relatively stable 
periods. The war frequencies are calculated by dividing the number of integration wars 
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during relatively stable periods by the respective lifespans of these periods. Great Power 
status changes concern the number of times states acquired or lost Great Power status during 
relatively stable periods (for the calculation of the number of status changes see Supportive 
Information). 
 
 

Relatively stable periods (international orders) 
 

 Period Lifespan 
(years) 

No. of 
integration 

wars 

No. of 
expansion wars 

War frequency  
(integration wars) 

No. of Great 
Power status 

changes 
(Europe) 

1 1495-1618 123 45 0 0.37 8 
2 1648-1792 144 34 5 0.24 6 
3 1815-1914 99 16 4 0.16 2 
4 1918-1939 21 2 2 0.10 1 

 
Table 3: This table presents the main properties of relatively stable periods (international orders). 
Basic data from Levy (5). 
 
 

 
 
Figure 2: This figure shows the development of the number of non-systemic wars, of war frequencies 
and of Great Power status changes in Europe during the four successive relatively stable periods that 
can be distinguished, in addition to their lifespans.  
 
 
Another property that can be quantified concerns the development of state structures - their 
shapes and sizes - in the System’s core (Europe) during the period 1495-1945.  
During that period, Europe developed from a diverse collection of approximately 300 loosely 
connected 'units' with a total population of approximately 83 million in 1495 into a highly 
connected anarchistic system of approximately 25 ‘standardized’ state-structures, with a total 
population of approximately 544 million in 1939. Following the First World War (the third 
systemic war, 1914-1918), the structures of states (shapes and sizes) in Europe reached a 
more or less permanent state (8, 9).  
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2.4 Severities of cycles and release ratios of cycles.  
 
When cycles are used as units of analysis and when the severities of successive cycles and of 
their respective components (relatively stable periods and systemic wars) are analyzed, it is 
possible to acquire a better understanding of the development of certain characteristics of 
successive cycles. To that end, I introduce the concept of release ratios of cycles.  
The release ratio of a cycle specifies what percentage of the total severity of the cycle (the 
sum of the severities of all non-systemic wars during the relatively stable period of the cycle 
and of its systemic war) is contributed by the systemic war of the cycle. I consider the release 
ratio a measure - an indication - of the amount of tensions that are released through systemic 
war activity during a cycle. 
My analysis reveals that (1) the total severity of successive cycles, (2) the severity per year 
(calculated by dividing the total severity of a cycle by its lifespan), and (3) the release ratios 
developed steadily, with the exception of the second cycle, which caused a distortion in an 
otherwise regular trend (see also Supportive Information).  
The analysis not only shows that the total severity of the second cycle was relatively high but 
also that much more tension was released by means of non-systemic wars than during the 
systemic war that followed (the French Revolutionary and Napoleonic Wars, 1792-1815); the 
second cycle was clearly an exception.  
 

 
 
Figure 3: This figure shows the total severities, the severity/year, and release ratios of successive 
cycles during the period 1495-1945, basic data from Levy (5). 
 
 
If the total severity and the release ratio are ‘corrected’ (respectively to 5,000,000 and 78%) - 
assuming these properties follow the trend set by the first, third and fourth cycles - the total 
severities of the four cycles increased exponentially (R2 = 1.00), the release ratio increased 
linearly (R2 = 0.98), and the severity per year grew by a factor that itself increased 
exponentially (R2 = 1.00). See also Fig. S2 with a ‘corrected’ version of the second cycle. 
As I explain later, the distortions of the second cycle, including the distortion in the lifespan 
of the second cycle, seem to be related to the ‘abnormal’ nature of non-systemic war 
dynamics during the period 1657-1763. 
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3. DISCUSSION  
 
3.1 Interpretation: New concepts and perspectives.  
 
To make sense of the development of the properties of the System’s war dynamics during the 
period 1495-1945, I introduce several ‘new’ concepts based on similar ideas that are applied 
to, for example, ecosystems and their dynamics (10, 11). 
 
3.1.1 Increasing robustness. I consider the absolute number of non-systemic wars and the 
war frequency during relatively stable periods to be indications of the robustness of relatively 
stable periods (international orders). I assume that an approximate linear decrease in the 
absolute number of non-systemic wars and the decrease in war frequencies point to an 
increasing ability of successive international orders to prevent and suppress non-systemic 
wars from breaking out and to an increasing inability of relatively stable periods to release 
tensions by means of non-systemic wars. In other words, successive international orders were 
increasingly able to ‘absorb’ incidents and events without producing non-systemic wars. The 
development of the release ratios supports these assumptions: the release ratio of the fourth 
cycle was 97% (see Fig. 3). 
The development of these characteristics indicates that the robustness of successive relatively 
stable periods (international orders) increased approximately linearly and that shortly before 
the start of the fourth systemic war (the Second World War, 1939-1945), the System became 
‘infinitely’ robust; the number of non-systemic wars and the non-systemic war frequency 
approached ‘zero’ at that point in time.  
This development shows that during the fourth cycle (1918-1939), the System was no longer 
able to release tensions via non-systemic wars, whereas tensions were produced in ever larger 
amounts and at an accelerating rate, as the increasing total severity of successive cycles and 
the severity/year measure also suggest.  
I argue that the increasing robustness of successive relatively stable periods and the 
acceleration of cycles - their decreasing lifespans - are related phenomena.  
 
3.1.2 Increasing fragility. I consider the lifespans of successive relatively stable periods as 
indicative of the fragility of the System. Fragility points to the ability of international orders 
to maintain themselves within a certain ‘stability domain’. Apart from a distortion during the 
second relatively stable period (1648-1792, as mentioned), the fragility of successive 
international orders also increased to almost 'infinity' during the fourth international order 
(1918-1939), when the lifespan of the international order was reduced to only 21 years. 
 
3.1.3 Robust yet fragile. It seems that increasing robustness and the increasing fragility of 
successive international orders went hand in hand during the period 1495-1945; this is also a 
characteristic of other complex systems, including certain ecosystems (12, 13).  
I consider robustness and fragility of the System to be two sides of the same coin. The 
increasing robustness of successive international orders increasingly prevented non-systemic 
wars from breaking out during relatively stable periods, and instead, increasing amounts of 
tension were released during increasingly severe systemic wars, which, moreover were 
necessarily produced at a higher rate. Through the increasing robustness of successive 
international orders, these orders also became increasingly fast obsolete.  
 
3.1.4 Increasing organizational permanence. I consider the decline in the number of Great 
Power status changes in the System’s core during successive international orders an 
indication of the increasing permanence of the Great Power status hierarchy in Europe. Great 
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Powers were increasingly able to maintain their status, while at the same time, it became 
increasingly difficult for ‘normal’ states to achieve Great Power status.  
This demonstrates that Great Powers were increasingly able to consolidate their power and 
influence at the expense of ‘normal’ states. I refer to this effect as the ‘powerful-become-
more-powerful’ effect. This effect was achieved by Great Powers that ‘won’ systemic wars 
and used their position of power and influence to implement favorable international orders 
that contained certain privileges for them and that then further enhanced their positions of 
power and influence.  
The veto power in the United Nations Security Council and the ‘legal’ monopoly on the 
ownership of nuclear weapons that the winning Great Powers of the Second World War (the 
fourth systemic war, 1939-1945 – the United States, the Soviet Union, China, France and 
Great Britain) awarded themselves are striking examples of this mechanism. 
I consider the decrease in the Great Power status dynamics in Europe to be an indication of 
the increasing organizational permanence of the System’s core.  
I consider the acquisition of Great Power status by the United States and Japan, respectively, 
in 1898 and 1905, to be indications of the increasing expansion of the System’s core (Europe) 
to the non-core and of the development of autonomous non-core war dynamics, which is a 
development that is consistent with the increase in the number of expansion wars, as I explain 
later.  
The fading of Great Power status changes in the System’s core, shortly before its collapse 
and the start of the fourth systemic war (the Second World War, 1939-1945) shows that the 
organization of the System’s core became ‘permanent’ at that stage.  
 
3.1.5 Increasing ‘structural’ stability. The stabilization and permanence of the sizes and 
shapes of states in Europe following the third systemic war (the First World War, 1914-1918) 
points to the ‘absolute’ (‘infinite’) structural permanence of the System’s core. This 
development is consistent with the increasing organizational permanence of the System’s 
core. 
 
3.1.6 Increasing instability of the System. The increasing frequencies and amplitudes of 
cycles are considered an indication of the increasing instability of the System’s core during 
the period 1495-1945.  
 
 
3.2 Synthesis.  
 
When the war cycles that the System produced during the period 1495-1945 are used as units 
of analysis, the following mutually consistent developments and trends can be observed, as 
discussed above: 
(1) The frequencies of successive cycles increased toward ‘infinity’. 
(2) The amplitudes of successive cycles, that is, the severities of successive systemic wars, 
also increased to ‘infinity’; the development of the frequencies and amplitudes of successive 
cycles was highly synchronized.  
(3) The robustness and fragility of successive international orders, which can be considered 
two sides of the same coin, also developed toward ‘infinity’. 
(4) The organizational and physical permanence of successive international orders became 
‘absolute’. 
(5) The System became increasingly unstable. 
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Figure 4: This figure schematically shows the development of the properties of the System’s core. All 
the properties consistently converged toward values that could no longer be sustained, eventually 
resulting in the core’s collapse in 1939.  
 
 
The war dynamics - and the properties of successive cycles of the System’s core (Europe) - 
exhibit strong consistency (see also Fig. 4). All properties I discussed developed consistently 
toward ‘infinity’ or absolute values and reached ‘end points’ during the fourth relatively 
stable period. I assume that these developments point to the unavoidable collapse of the 
anarchistic core of the System.  
I argue that during the period 1495-1945, the System’s core (Europe) produced a finite-time 
singularity dynamic that was accompanied by four accelerating war cycles; a phenomenon 
that is also observed in other complex systems (14, 15, 16). The development of the 
properties of the System’s core already signaled that collapse was imminent shortly before 
the core’s actual collapse in 1939. In 1939, the core reached the singularity in finite time.  
At that stage, it was no longer possible to produce the next relatively stable period that 
allowed for implementation of an international order that could - in an anarchistic setting - 
absorb and regulate the tensions it produced without immediately collapsing.  
Consequently, the core produced a phase transition that led to implementation of non-
anarchistic structures in Europe, and by doing so, ‘perpetual war’ was avoided. Perpetual war 
was neither ‘achievable’ nor sustainable, given the resources that were required and the 
collective self-destruction that would be unavoidable. 
The phase transition was accomplished through the fourth systemic war (the Second World 
War, 1939-1945) and resulted in the transition of the System’s core from anarchy at the state 
level to two non-anarchistic structures (i.e., Western and Eastern Europe) that formed two 
‘blocks’ controlled by the United States and the Soviet Union, respectively. Both blocks 
developed intense rivalries, which resulted in a second period of abnormal war dynamics (the 
Cold War, 1945-1989). 
In 1989, when the Soviet Union lost control and later collapsed, the two non-anarchistic 
structures (except for Russia and several former Soviet satellites) merged and ‘crystalized’ 
into the European Union, a non-anarchistic European order. 
However, the phase transition (the fourth systemic war, the Second World War, 1939-1945) 
had a second closely related ‘component’. At the same time that two non-anarchistic 
structures were being implemented in Europe, a first global order was implemented on the 
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global scale of the System (the United Nations), and the actual merging of the core (Europe) 
and non-core of the System became a fact.  
The phase transition can be considered a next step in a long-term process of the System’s 
social integration and expansion, which started the moment humankind grouped into 
extended families and tribes, and still is unfolding. 
 
 
3.3 Building blocks for a new theory.  
 
As mentioned above, the research suggests that the System started producing a finite-time 
singularity in 1495, which was accompanied by four accelerating war cycles. The 
accelerating singularity dynamic eventually caused the collapse of the System’s core in 1939 
and triggered a phase transition to non-anarchistic structures in Europe. At the same time, as 
non-anarchistic structures were imposed in Europe, a first global international order was 
implemented on the global scale of the System. The phase transition marks the merging of 
the core and non-core of the System, which became increasingly linked during the unfolding 
of the singularity dynamic.  
This perspective raises numerous questions and clues for further research. In this section, I 
elaborate somewhat on several observations that I have made (17).  
 
3.3.1 Population growth and the need to fulfill basic requirements are the underlying 
drivers of the System’s war dynamics and process of social integration and expansion. 
To survive, humans must fulfill a set of basic requirements, including food supply and 
security (18). Cooperation contributes to humans’ ability to fulfill their basic requirements, 
increase their wellbeing, and survive. The urge to survive consequently set in motion a 
process of social integration and expansion. This process started with the ‘grouping’ of 
humans in extended families and tribes. 
In 1495, ‘Europe’, which would become the core of an expanding system, started producing 
system behavior that resulted in a self-organized finite-time singularity dynamic that was 
accompanied by four accelerating war cycles (1495-1945). The war dynamics contributed to 
the ‘crystallization’ of approximately 300 loosely connected and diverse ‘units’, with a total 
population of approximately 83 million in 1495, into a coherent anarchistic system of 
approximately 25 highly connected sovereign states, with a total population of approximately 
544 million in 1939.  
I argue that the finite-time singularity dynamic was powered by the increasing amount of 
tension produced by the System, which can be considered ‘energy’ that was put to use during 
systemic wars and to implement ‘upgraded’ orders; this allowed for a lower energy-state - 
tension level - of the System and new periods of relative stability. The total severities and 
severity per year of successive cycles, which I consider to be indicative of the tensions in the 
System and their production rate, are consistent with these assumptions/observations. 
The tensions were a product of the interactions between the security dilemma, population 
(growth) (19) and the need to fulfill basic requirements, and the crystallization of the 
System’s core in 25 states, which constantly intensified their rivalries and produced a self-
reinforcing (positive feedback) mechanism that increasingly dominated the feedback 
structure of the System. 
I assume that the connectivity of populations and ‘units’ they were grouped in, in addition to 
their security, were intrinsically incompatible in the anarchistic System, despite the 
advantages these connections also offered. I assume that connectivity of the System’s core 
was (and still is) a function of its population size and that a relationship exists between 
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(increasing) connectivity and (increasing) pace of life, including the increasing speed of 
information and tensions. This also seems to be the case in city systems (20, 21, 22, 23).  
The core of the System reached the singularity in finite time in 1939, which can be 
considered the moment when the System’s core reached the critical connectivity threshold, 
when it produced an infinite amount of tension at an infinite rate because of the intrinsic 
incompatibility between connectivity and security in anarchistic systems.  
As explained above, at that point the robustness, fragility, and organizational and structural 
stability of the System’s core had become ‘infinite’, and tensions could no longer be absorbed 
or regulated. The System’s core had consequently become highly unstable, as the ‘infinite’ 
frequency and amplitudes of cycles indicate. The anarchistic core of the System had reached 
the singularity in finite-time (i.e., the critical connectivity threshold) and therefore collapsed. 
In response, the core (Europe) produced a phase-transition toward non-anarchistic structures 
(24). Only non-anarchistic structures could (and can) solve the intrinsic incompatibility 
between connectivity and security that is inherent in anarchistic systems and results in tension 
production. Through the ‘lynchpin role’ fulfilled by the United States and the Soviet Union, 
by controlling Western and Eastern Europe, respectively, and by acquiring the most dominant 
positions on the global scale of the System - Europe could be ‘anchored’ in the first global 
order, and the erstwhile core and non-core of the System could merge. 
 
3.3.2 A connectivity effect during relatively stable periods played a crucial role in the 
System to produce systemic wars in response. When cycles are used as the unit of analysis, 
it is possible not only to identify the above discussed patterns in the war dynamics of the 
System but also to determine that during relatively stable periods, the average sizes of non-
systemic wars were initially relatively small and then increased, until what I refer to as a 
tipping point was reached, after which they began to decrease to approximately a size of 
‘zero’ shortly before the outbreak of a systemic war.  
 

 

 
Figure 5: This figure shows a schematic representation of a single cycle: a relatively stable period, 
during which an international order is in place, is followed by a systemic war, when an ‘upgraded’ 
order is implemented. During relatively stable periods, the System is in a subcritical condition and 
produces non-systemic wars, whereas during systemic wars, the System is in a critical condition. 
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It is possible to observe this typical dynamic by defining the sizes of wars not in terms of 
severities (as historians normally do, see Levy (5)) but rather by defining size in terms of 
‘fraction’. I define ‘fraction’ as the number of Great Powers that participate in a war divided 
by the total number of Great Powers in the System at that point in time. The size of wars 
defined in terms of fraction can be considered a measure of the size of the ‘cascades’ – 
‘domino effects’ - that the System produces relative to its total size.  
 
 

 

 
 
Figure 6: This figure shows the size-development of Great Power wars the System produced during 
the period 1495-1975 (based on Levy). To identify the cycles, I show the moving average of the sizes 
of five successive wars (systemic and non-systemic). The arrows point to the tipping points of each 
cycle. Because of the limited number of non-systemic wars during the fourth relatively stable period, 
the tipping point of this period cannot be established. The red shaded ‘areas’ in the figure concern the 
periods, following systemic wars, when the System was too highly connected to release tensions and 
resolve issues, and consequently ‘charged’ itself for a next systemic war. ‘SW’ stands for ‘Systemic 
War’. Basic data from Levy (5) 
 
 
I assume that the decrease in the average size of non-systemic wars once the tipping point of 
a relatively stable period is reached can be attributed to the connectivity of the network of 
issues (security related matters between states), of which states themselves are integral parts. 
The high connectivity of this network results in ‘local’ stability of states because states 
become increasingly entangled in a web of issues, and the significance of incoming ‘signals’ 
- for example, threats to states - diminishes. 
I argue - an assumption based on Watts (25, 26) - that states’ war decisions can also be 
considered binary decisions with externalities to which thresholds apply. States and their 
issues thus form a network of ‘binary switches’ and are ‘yes/no’ in war with other states. In a 
series of simulations, Watts observes that the sizes and frequencies of cascades in networks 
with similar basic structures are - as seems the case with the sizes and frequencies of non-
systemic wars - determined and shaped by the connectivity of the binary network, and 
thresholds that are applied to switch to another ‘state’ (25).  
The increasing stability of states in the issue-network is not without consequences, however. I 
argue that although states become more stable because of their increased connectivity in the 
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issue network, tensions are still produced at an accelerating rate. Consequently, once the 
tipping point of a relatively stable period is reached, (unresolved) issues and tensions 
accumulate in the System until the next systemic war. The System, in other words, is 
‘charging’ once the tipping point is reached and builds up a ‘tension release deficit’. 
However, at a certain point in this accumulation process, the ‘clusters’ - networks - of 
unresolved issues and accompanying tensions ‘connect’ – percolate through the System - and 
cause the System to become critical (27). At the critical point, the correlation length of the 
System has become ‘one’, and all states and their issues become connected. At the critical 
point, a small incident can trigger a systemic war.  
During systemic wars, tensions that are released are used to ‘design’ and implement 
‘upgraded’ international orders that again allow for lower tension levels in the System.  
 
3.3.3 Abnormal war dynamics are caused by the ‘too’ intense rivalries between two 
Great Powers, resulting in a decrease in the number of degrees of freedom of the 
System that determine the nature of its dynamics. Analysis of the non-systemic war 
dynamics of the System during the period 1495-1945 indicates that normally non-systemic 
wars produce circular trajectories - orbits - in phase space, when phase space is defined by 
intensity (or severity) and size (in terms of fractions) of non-systemic wars (17).  
During the periods 1657-1763 and 1945-1989, these trajectories in phase space were distorted 
(see also Supportive Information). I refer to these periods as the first and second exceptional 
periods, respectively.  
The data indicate that during the first exceptional period, non-systemic war dynamics were 
more extreme but also much more regular; during the second exceptional period, in contrast, 
non-systemic war dynamics were highly subdued. During the period 1657-1763, two highly 
regular sub-cycles can be identified in the war dynamics of the System, with each sub-cycle 
defined by four non-systemic wars. The correlation coefficient of the severities of these two 
sets of wars is 1.00. The war frequencies of both sub-cycles were rather similar, 0.082 and 
0.085 wars/year, respectively. 
 

 
 

Figure 7: This figure shows two sub-cycles that can be identified during the first exceptional period 
(1657-1763), providing additional support for the assumption that during that period the non-
systemic war dynamics were periodic - instead of chaotic - in nature. Basic data from Levy (5). 
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The resemblance between both exceptional periods (1657-1763 and 1945-1989) is - as 
historians also observe - that the war dynamics during these periods were determined by the 
intense rivalries between only two Great Powers, Britain and France (1657-1763) and the 
United States and the Soviet Union (1945-1989), respectively. 
I assume that in both cases the number of degrees of freedom of the System - that is the 
number of states (variables) that determined the war decisions of states - were temporarily 
reduced to only two instead of (at least) three, as is normally the case. 
I suggest that the circular trajectories in phase space point to the chaotic nature of non-
systemic war dynamics (17). I argue that during the first exceptional period (1657-1763), 
non-systemic war dynamics were not chaotic but rather periodic in nature. As the dynamics 
of other systems also indicate, for dynamics to be chaotic, at least three degrees of freedom 
are required, while periodic dynamics only require two. 
The normally unpredictable nature of non-systemic war dynamics - as we also experience - is 
also consistent with these assumptions. Although chaotic dynamics are deterministic, they are 
also intrinsically unpredictable because of their sensitivity to the ‘initial conditions’ of the 
System (28).  
The resumption of the unpredictable nature of the war dynamics of the System since 1989, 
often noticed and discussed by social scientists, politicians and defense planners, is no 
‘coincidence’ and is consistent with the resumption of circular trajectories of war dynamics in 
phase space at that point in time (17). 
The lack of a third degree of freedom (variable) during the period 1657-1763 also explains 
why these non-systemic war dynamics were not only remarkably regular but also more 
extreme in size and severity. Because of the lack of a third degree of freedom, the System 
lacked intrinsic inhibition: during that period, tensions that were produced were ‘magnified’ 
and released on short notice. Furthermore (see Figure 6), the second cycle (1648-1792) 
during the period 1657-1763 had not yet reached the tipping point, and its war dynamics were 
not yet constrained by the connectivity of the network of issues.  
I assume that these developments - resulting in inhibited war dynamics - impacted the 
development of the second cycle toward a critical condition: development of the issue 
network toward the tipping point; consequently, the accumulation of tensions - and a next 
systemic war and ‘upgrade’ of the international order - was delayed.  
I argue that the disturbance in the release ratio, and the lengthening of the lifespan of the 
second relatively stable period, are related to the abnormal - non-chaotic - nature of non-
systemic war dynamics during the period 1657-1763. As explained above, tensions were 
immediately released (by means of non-systemic wars), and accumulation of tensions (and 
‘charging’ of the System) was not possible until the intense and overriding rivalries between 
Britain and France were resolved (1763) and the tipping point was reached.  
As the trajectories in phase state indicate, the second cycle resumed chaotic war dynamics 
after 1673, and the second cycle reached its tipping point in 1774. It took until 1792 to charge 
the System and produce a systemic war.  
The research suggests that chaotic war dynamics and ‘smooth’ development of the System 
could be related; a relationship between chaos, development and order is also believed to 
exist in other complex systems (29, 30). 
Whereas during the first exceptional period (1657-1763), non-systemic war dynamics became 
more extreme, during the second exceptional period (1945-1989), war dynamics became 
subdued instead. I attribute the suppression of war dynamics to ‘mutual assured destruction’ - 
a deadlock - that was accomplished by the United States and the Soviet Union, through their 
mutual targeting with nuclear capabilities (which could not be destroyed through a first 
strike). At least temporarily, war had lost its functionality. 
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3.3.4 The process of integration and expansion accelerated at the same rates. As 
mentioned above, it is possible to distinguish nine non-systemic wars that are closely related 
to the expansion of the core (Europe) to the non-core of the System and to autonomous non-
core war dynamics. 
I assume that the process of integration and expansion were closely related and followed the 
same ‘logic’. This assumption seems to be confirmed by data analysis. 
Four types of expansion wars can be distinguished; each type of expansion war defines a 
distinct phase in the process of expansion (see table 4 and Fig. 8 below). 
 

Expansion of the System (1495-1945) 
(Based on Levy’s dataset) 

 
Phase Dynamic Start War that marks start phase (No’s refer to Levy) 

 
I Core-expansion to non-

core 
1812 War of 1812 (88), 1812-1814 

II Non-core involvement in 
core (European) affairs 

1917 US involvement in the First World War (107), 
1914-1918 

III Autonomous non-core 
Great Power war 
dynamics 

1931 Manchurian War (109), 1931-1933 

IV Merging of core and non-
core; globalization of the 
System 

1941 US involvement in Second World War (113), 
1941-1945, triggered by Germany’s declaration 
of war on the US 

 
Table 4: This table presents the four expansion wars that mark distinct phases in the process of 
expansion through war. I consider the ‘War of the American Revolution’ (1778-1884, no. 81 Levy) to 
be an exception: I consider this war to be a ‘combination’ of an integration and expansion war. If this 
war (1778) is considered the start of phase I, the conclusions are unchanged. 
 
 

 
 
Figure 8: The process of expansion of the core (Europe) to the non-core of the System, eventually 
resulting in their merging (1941). 
 
 
I assume that 1941 marks the ‘globalization point’ of the System, when the war dynamics of 
the core and non-core of the System merged. The German decision to declare war on the 



Patterns in war dynamics (1495-1945), Ingo Piepers 

	 17	

United States on December 10, 1941 (in support of Japan, who had attacked Pearl Harbor on 
December 7, 1941) was instrumental in the final step of the expansion process.  
By doing so, the issue and war clusters in Europe and Asia became connected. Because of the 
German decision, the United States became directly involved in both ‘theatres of war’ (Asia 
and Europe).  
I consider 1941 to be the ‘globalization point’ of the System - the critical time of the process 
of expansion when the core and non-core merged. In other words, 1941 marks the end of the 
process of expansion of the core (Europe) to the non-core of the System. 
The table below (Table 5) lists the durations of the phases that can be distinguished in the 
process of integration and expansion of the System by respectively applying the timing of the 
collapse of the core of the System (1939) - the critical time of the integration process - and 
the timing of the merging of core and non-core (1941) (see also (15) for this method). 
 

Duration of integration and expansion phases  
 

 Integration 
T(c) - t, T(c) = 1939 

Expansion 
T(c) - t, T(c) = 1941 

I 444 (1939-1495) 129 (1941-1812) 
II 291 (1939-1648) 24 (1941-1917) 
III 124 (1939-1815) 10 (1941-1931) 
IV 21(1939-1918)  

 
Table 5: Duration of the respective phases of the process of integration of the core and expansion of 
the core to the non-core of the System.  
 
 
When the duration of the phases of both processes are shown in a logarithmic plot, their 
synchronization becomes evident. Both processes - the process of integration of the core 
through the implementation of successive international orders (through systemic wars) and 
the process of expansion of the core to the non-core - accelerated at approximately the same 
rate. The correlation coefficient of the first three phases of both processes is 0.96 (if ‘The 
War of the American Revolution’ is considered the start point of phase I, the correlation 
coefficient is 0.95). 
Furthermore, analysis reveals that the proportion of expansion wars of the total number of 
non-systemic wars the System produced during the four respective cycles of the finite-time 
singularity (0/45, 1/34, 4/21 and 4/6) increased exponentially with R2 = 0.99. The increasing 
proportion of expansion wars also points to the finalization of the process of integration of 
the System’s core. 
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Figure 9: Acceleration and synchronization of the process of integration and expansion. 
 
 
3.3.5 The finite-time singularity dynamic accompanied by four accelerating cycles was a 
self-reinforcing dynamic that regulated the System during the period 1495-1945. It can 
be argued that the finite-time singularity dynamic - by producing relatively stable periods that 
allowed for the establishment of international orders and by regularly updating these orders - 
provided opportunities for further (population) growth.  
The (population) growth that was enabled then further contributed to the ‘crystallization’ of 
units into states and to the build-up of tensions in the System, which were used again to 
upgrade the order of the System through systemic war.  
I argue that the finite-time singularity dynamic that was accompanied by four accelerating 
war cycles can be considered a self-reinforcing mechanism: population growth resulted in 
tensions that powered the unfolding of the finite-time singularity, which then enabled further 
population growth, etc.  
I argue that the System was in fact regulated by means of a finite-time singularity dynamic: it 
regulated - optimized - its organization and its population size. Successive international 
orders that were implemented through systemic wars and the simultaneous crystallization of 
approximately 300 diverse ‘units’ into 25 standardized state-structures constituted a co-
evolutionary process that was driven - powered - by population growth.  
The research suggests that, driven by the need of individual humans to fulfill a number of 
basic requirements to ensure their survival, the organization of the anarchistic system and 
population size were optimized through a self-organized finite-time singularity dynamic 
accompanied by four accelerating war cycles driven by collective ‘individual’ behavior. 
When the severities of successive cycles are related to the size of the population in Europe, 
the analysis reveals that the severities of successive cycles were more or less constant, 
approximately 2.4% of the European population (except for the second cycle, 3.9%, as 
discussed). 
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Figure 10: This figure shows the relationship between population growth and the unfolding of the 
finite-time singularity dynamic (1495-1945) that I assume to exist. 
 
 
3.3.6 For several reasons, the war cycles were not identified at an earlier stage. I assume 
that several reasons prevented earlier identification of patterns in the war dynamics of the 
System, including the following: 
 
(1) Too short time horizon: Historians normally use relatively short time spans to study 
events and processes. 
(2) Incorrect ‘starting points’: Historians typically study historic events from ‘the inside out’. 
Starting points are mostly specific events, and the longer-term context is mostly ignored. This 
study demonstrates that the context - the longer-term - is crucial to make sense of events. For 
example, this study shows that the stage of development of the lifecycle at the time of a war 
determines and shapes certain properties of the war concerned to a considerable extent.  
(3) Incorrect unit of analysis: War data have been studied and analyzed extensively by 
historians and social scientists. Typically, periods of centuries are used as units of analysis in 
efforts to identify patterns in war dynamics. This study demonstrates that the cycles that 
accompanied the finite-time singularity dynamic should be used as units of analysis to make 
sense of these dynamics.  
(4) Ignorance of the fundamental difference between systemic and non-systemic wars: The 
distinction between systemic and non-systemic wars is fundamental: systemic wars are not 
‘just’ larger non-systemic wars; rather, systemic wars fulfill very different functions and have 
fundamentally different properties. Because historians did not use cycles as unit of analysis, 
and did not distinguish a fundamental difference between systemic and non-systemic wars, 
systemic wars were considered by many historians to be ‘accidents’ or anomalies; 
consequently, it was not possible to understand the war dynamics of the System.  
For example, historians have determined that the frequency of wars decreased over the long 
term; this observation is correct even when systemic wars are included in these calculations 
and suggests that this trend points to a decrease in war activity (31). However, this is not a 
correct observation. Although the number and frequency of non-systemic wars decreased 
over time, at the same time, the frequency of systemic wars increased, as did their severity. 
The System became more robust but also increasingly instable at the same time, as previously 
explained.  
When the severities of successive cycles are related to the size of the population in Europe, 
analysis reveals that the severities of successive cycles are more or less constant, 
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approximately 2.4% of the European population, as already mentioned (except for the second 
cycle; 3.9%). However, one should remember that the same percentage of battle casualty 
deaths - approximately 2.4% of a growing European population - was produced during 
increasingly shorter periods of time because of the shortening of the lifespans of successive 
cycles. A cyclical perspective provides us with completely different insights into the war 
dynamics of the System.  
(5) Unawareness of abnormal war dynamics during the period 1657-1763: Abnormal non-
systemic war dynamics during the second relatively stable period (1648-1792) were not 
recognized as such, and for that reason, historians were put on the wrong footing. During the 
first exceptional period (1657-1763), the System produced a series of large (sometimes 
system-wide) wars, but they did not qualify as systemic: these wars were ‘just’ over-sized 
non-systemic wars that the System could produce through a lack of a third (constraining) 
degree of freedom. The lack of a third degree of freedom was a consequence of the intense 
rivalry between Britain and France during that period, as explained above. 
(6) Unawareness of the deterministic nature of the war dynamics and the development of the 
System (see also Fig. 11 and next point): Until now, historians and social scientists have not 
been aware of the deterministic nature of the war dynamics of the System and the ‘shaping 
effects’ this had not only on wars themselves but also on the development of the System. 
Therefore, historical research has been based on an incomplete and consequently biased 
perspective.  
In their efforts to make sense of historical events and processes, historians in some cases 
‘constructed’ causalities that in fact did not exist or assumed that certain events were just 
coincidences or abnormalities, whereas in reality they were closely related to the 
deterministic nature of the System. 
Discussions among historians about the relationship between the First and Second World 
Wars (respectively, the third (1914-1918) and fourth (1939-1945) systemic wars) are a case 
in point. In what I call the deterministic domain of the System (see also next point), the wars 
constitute the third and fourth systemic wars, respectively, that mark the final stage - the 
collapse - of the third (1815-1918) and fourth (1918-1945) cycles, respectively. These two 
cycles are distinct components of the finite-time singularity dynamic the System produced 
during the period 1495-1945. Both wars do not constitute one war that was temporarily 
interrupted, as some historians suggest, but rather are two distinct critical periods. Analysis of 
war data demonstrates this conclusively. 
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Figure 11: This figure shows two domains - a deterministic and contingent domain - that can be 
distinguished in the System. Both domains interact and synchronize their dynamics through the 
security dilemma and interacting self-fulfilling prophecies that this mechanism results in. 
 
 
However, because of their proximity in time, events and social processes that are related to 
these two systemic wars in the contingent domain of the System were much more intertwined 
than was the case for events and social processes that were unfolding in the second (the 
French Revolutionary and Napoleonic Wars, 1792-1815), for example, and third (the First 
World War) systemic wars. The increasing interrelationship between events and social 
processes in the contingent domain does not make the First and Second World Wars - the 
third and fourth systemic wars – a single critical period in the deterministic domain. Although 
the fourth international order (1918-1939) was highly dysfunctional (32), it was an integral 
part of the fourth and final cycle the finite-time singularity produced. 
Another example also sheds light on the impact of the underlying deterministic domain. I 
now point to the network effect I discussed that resulted in increasing local stability of states 
in the network of issues once the tipping point of the relatively stable period was reached. 
This network effect offers a plausible explanation for the ‘abrupt’ - unexpected - outbreak of 
the third systemic war (the First World War, 1914-1918), a phenomenon that historians have 
remained intrigued with to date (33). 
Because of this effect, the average size of non-systemic wars started to decline from 1856 
(i.e., the tipping point of the third relatively stable period) onward to approximately ‘zero’ 
shortly before the outbreak of the First World War. During the period 1856-1914, tensions 
and unresolved issues accumulated in the System, eventually resulting in a critical condition. 
A network of (unresolved) issues, and accompanying tensions, percolated throughout the 
System in 1914; the correlation length of the System had become one. 
This network was then triggered by the assassination of Archduke Franz Ferdinand (heir to 
the Austro-Hungarian throne) on June 28, 1914 in Sarajevo, Bosnia. This relatively minor 
incident triggered a systemic response that then resulted in an ‘upgrade’ of the international 
order. 
A third systemic war, as this perspective reveals, was not an ‘accident’ that could have been 
prevented, as certain historians suggest. The third systemic war was already in the making 
through the self-organized finite-time singularity dynamic the System had begun producing at 
its inception in 1495, which was accompanied by four accelerating cycles. The First World 
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War, as we experienced and know it, was a ‘contingent’ version of an unavoidable third 
systemic war - a third reorganization - produced by the System. 
 
3.3.7 It is possible to distinguish an ‘underlying’ deterministic and a contingent domain 
in the System that interact through the security dilemma and self-fulfilling prophecies 
of states. The patterns that can be identified and the underlying mechanisms that produced 
them suggest that the dynamics and development of the System are at least partially 
deterministic in nature. 
The findings of this study reveal that two related and interacting 'domains' can be 
distinguished in the System: an 'underlying' deterministic domain and a contingent domain. 
The deterministic domain seems - at least partially - to determine and shape the war dynamics 
of the System, such as the start times and severities of systemic wars. The contingent domain, 
for example, determines the reasons for which wars are fought. The deterministic nature of 
the System leaves much less room for contingency - and ‘free will’ - than we assume (and 
most likely hope for).  
However, the dynamics in the contingent domain can also have a fundamental impact on the 
deterministic domain. As argued above, the intensities of the rivalries between Great Powers 
during the first and second exceptional period (1657-1763 for Britain and France and 1945-
1989 for the United States and the Soviet Union) determined the number of degrees of 
freedom in the System and consequently the nature of the non-systemic war dynamics of the 
System. 
The distinction between a deterministic and contingent domain in the System raises the 
questions of how - through what mechanism - these two domains interact and how they 
synchronize.  
I assume that the security dilemma of states in anarchistic systems is responsible not only for 
the production of tensions but also for the interaction between both domains. The security 
dilemmas of states also function as interacting self-fulfilling prophecies that shape 
expectations and provide justification for (war) decisions.  
The impact of this mechanism - reinforcing self-fulfilling prophecies of states - dramatically 
increases once the tipping point is reached, and issues remain unresolved and tensions 
accumulate. Once the tipping point is reached, it is this feedback structure that ‘pushes’ the 
System towards a critical condition and to a systemic tension release (systemic war).  
I assume that during the unfolding of the finite-time singularity dynamic that was 
accompanied by four accelerating war cycles (1495-1945), the deterministic domain 
increasingly locked-in on systemic war activity, and the ‘need’ to produce increasingly severe 
systemic wars with increasing frequencies, to ‘upgrade’ the System’s order and provide 
relative stability (at an accelerating pace). During the period 1495-1945, the increasing 
dominance of the deterministic domain increasingly constrained our ‘contingent latitude’, our 
ability to influence its dynamics. We made war, and war increasingly made us: the System 
increasingly became a war trap.  
 
3.3.8 Prediction of war dynamics is possible. This study demonstrates that during the 
period 1495-1945, the System produced four accelerating war cycles, with each cycle 
consisting of a relatively stable period that allowed for international orders to be (at least 
temporarily) effective and a systemic war (critical period) that was instrumental for an 
upgrade and re-alignment of the System: the implementation of a new international order.  
When the core of the System reached the singularity in finite time in 1939 - the critical 
connectivity threshold - unsustainable amounts of tension were produced in the core of the 
System (Europe), and caused its collapse. In response, the System produced a phase 
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transition that resulted in the merging of the core (Europe) and non-core of the now 
globalized System. 
The patterns that can be identified in the development of certain properties of cycles, and of 
systemic and non-systemic wars themselves, are consistent, and provide clues for the 
identification of early warning signals (34) and probably also for prediction of war dynamics 
(35, 36). 
Analysis of war data from the period 1945-2016 suggests that the System is producing a 
second - but now global - singularity dynamic. Presently, the System is still in the relatively 
stable period of the first cycle. The analysis suggests that the current relative stability has 
passed the tipping point and is charging. Current, developments in the System, including the 
dysfunctionality of the United Nations, a number of increasingly related but unresolvable 
issues, increasing tensions between Great Powers, increasing instability of the European 
order (the European Union), and increasingly volatile and erratic political and social 
developments with states, are - I assume - indicative of the increasing tensions that are 
accumulating in the System but cannot be released through non-systemic wars, as a 
consequence of the earlier mentioned effect.  
If the basic conditions of the System are unchanged, prediction of certain properties of the 
System, including the likelihood and approximate timing of a new critical period, should be 
possible. 
 
 
 
4. NEXT STEPS 
 
This study suggests that the System is deterministic in nature to a certain degree and that we - 
including historians and social scientists - were not aware of this fact. 
Further research is urgently required because of the opportunities this new perspective and a 
new theoretical framework - about which I discussed several propositions in this report - can 
offer us: a better understanding of war dynamics and their impact on the development of the 
System can contribute to better control and possibly even prevention of future (systemic) 
wars. It is time for a paradigm shift, a fundamental change in the basic concepts and practices 
of historians and international relations scholars. 
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SUPPORTING INFORMATION 
 
In this part I present supporting information, concerning this research report:  
 

• Levy’s ‘basic’ data complemented with a number of properties specific to this 
research. 

• A ‘corrected’ version of Figure 3. 
• Great Power status dynamics during the period 1495-1945. 
• Trajectories of war dynamics in phase space. 
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1. Levy’s basic data complemented with a number of properties specific for this 
research. 
 
In table S1 Levy’s basic data complemented with a number of properties specific for this 
research is presented. For each Great Power war the following properties are augmented: the 
cycle number, the type of war, the number of Great Powers (GP) in the System at the time of 
the war, and the size of the war in terms of fraction (extent (number of participating Great 
Powers) divided by the total number of Great Powers in the System). 

 

Nr. 
Levy

Name Cycle Type of war Start End Duration Number 
GP System

Extent Frac-
tion

Severity 
(bcd)

1 War of the League of Venice 1 Non-systemic, integration 1495 1497 2.0 5 3 0.60 8,000
2 Polish-Turkish War 1 Non-systemic, integration 1497 1498 1.0 5 1 0.20 3,000
3 Venitian-Turkish War 1 Non-systemic, integration 1499 1503 4.0 5 1 0.20 4,000
4 First Milanese War 1 Non-systemic, integration 1499 1500 1.0 5 1 0.20 2,000
5 Neapolitan War 1 Non-systemic, integration 1501 1504 3.0 5 2 0.40 18,000
6 War of the Cambrian League 1 Non-systemic, integration 1508 1509 1.0 5 3 0.60 10,000
7 War of the Holy League 1 Non-systemic, integration 1511 1514 3.0 5 4 0.80 18,000
8 Austro-Turkish War 1 Non-systemic, integration 1512 1519 7.0 5 2 0.40 24,000
9 Scottish War 1 Non-systemic, integration 1513 1515 2.0 5 1 0.20 4,000
10 Second Milanese War 1 Non-systemic, integration 1515 1515 0.5 5 3 0.60 3,000
11 First War of Charles V 1 Non-systemic, integration 1521 1526 5.0 4 3 0.75 30,000
12 Ottoman War 1 Non-systemic, integration 1521 1531 10.0 4 2 0.50 68,000
13 Scottish War 1 Non-systemic, integration 1522 1523 1.0 4 1 0.25 3,000
14 Second War of Charles V 1 Non-systemic, integration 1526 1529 3.0 4 3 0.75 18,000
15 Ottoman War 1 Non-systemic, integration 1532 1535 3.0 4 2 0.50 28,000
16 Scottish War 1 Non-systemic, integration 1532 1534 2.0 4 1 0.25 4,000
17 Third War of Charles V 1 Non-systemic, integration 1536 1538 2.0 4 2 0.50 32,000
18 Ottoman War 1 Non-systemic, integration 1537 1547 10.0 4 2 0.50 97,000
19 Scottish War 1 Non-systemic, integration 1542 1550 8.0 4 1 0.25 13,000
20 Fourth War of Charles V 1 Non-systemic, integration 1542 1544 2.0 4 2 0.50 47,000
21 Siege of Boulogne 1 Non-systemic, integration 1544 1546 2.0 4 2 0.50 8,000
22 Arundel’s Rebellion 1 Non-systemic, integration 1549 1550 1.0 4 2 0.50 6,000
23 Ottoman War 1 Non-systemic, integration 1551 1556 5.0 4 2 0.50 44,000
24 Fifth War of Charles V 1 Non-systemic, integration 1552 1556 4.0 4 2 0.50 51,000
25 Austro-Turkish War 1 Non-systemic, integration 1556 1562 6.0 5 2 0.40 52,000
26 Franco-Spanish War 1 Non-systemic, integration 1556 1559 3.0 5 3 0.60 24,000
27 Scottish War 1 Non-systemic, integration 1559 1560 1.0 5 2 0.40 6,000
28 Spanish-Turkish War 1 Non-systemic, integration 1559 1564 5.0 5 2 0.40 24,000
29 First Huguenot War 1 Non-systemic, integration 1562 1564 2.0 5 2 0.40 6,000
30 Austro-Turkish War 1 Non-systemic, integration 1565 1568 3.0 5 2 0.40 24,000
31 Spanish-Turkish War 1 Non-systemic, integration 1569 1580 11.0 5 2 0.40 48,000
32 Austro-Turkish War 1 Non-systemic, integration 1576 1583 7.0 5 2 0.40 48,000
33 Spanish-Potuguese War 1 Non-systemic, integration 1579 1581 2.0 5 1 0.20 4,000
34 Polish-Turkish War 1 Non-systemic, integration 1583 1590 7.0 5 1 0.20 17,000
35 War of the Armada 1 Non-systemic, integration 1585 1604 19.0 5 2 0.40 48,000
36 Austro-Polish War 1 Non-systemic, integration 1587 1588 1.0 5 1 0.20 4,000
37 War of the Three Henries 1 Non-systemic, integration 1589 1598 9.0 5 2 0.40 16,000
38 Austro-Turkish War 1 Non-systemic, integration 1593 1606 13.0 5 2 0.40 90,000
39 Franco-Savoian War 1 Non-systemic, integration 1600 1601 1.0 5 1 0.20 2,000
40 Spanish-Turkish War 1 Non-systemic, integration 1610 1614 4.0 6 2 0.33 15,000
41 Austro-Venetian War 1 Non-systemic, integration 1615 1618 3.0 6 1 0.17 6,000
42 Spanish-Savoian War 1 Non-systemic, integration 1615 1617 2.0 6 1 0.17 2,000
43 Spanish-Venetian War 1 Non-systemic, integration 1617 1621 4.0 7 1 0.14 5,000
44 Spanish-Turkish War 1 Non-systemic, integration 1618 1619 1.0 7 2 0.29 6,000
45 Polish-Turkish War 1 Non-systemic, integration 1618 1621 3.0 7 1 0.14 15,000
46 Thirty Year’s War - Bohemian 1 First Systemic war 1618 1625 7.0 7 4 0.57 304,000
47 Thirty Year’s War - Danish 1 First Systemic war 1625 1630 5.0 7 6 0.86 302,000
48 Thirty Year’s War - Swedish 1 First Systemic war 1630 1635 5.0 7 4 0.57 214,000
49 Thirty Year’s War - Swedish-French 1 First Systemic war 1635 1648 13.0 7 5 0.71 1,151,000
50 Spanish-Portuguese War 2 Non-systemic, integration 1642 1668 26.0 7 1 0.14 80,000
51 Turkish-Venetian War 2 Non-systemic, integration 1645 1664 19.0 7 1 0.14 72,000
52 Franco-Spanish War 2 Non-systemic, integration 1648 1659 11.0 7 2 0.29 108,000
53 Scottish War 2 Non-systemic, integration 1650 1651 1.0 7 1 0.14 2,000
54 Anglo-Dutch Naval War 2 Non-systemic, integration 1652 1655 3.0 7 2 0.29 26,000
55 Great Northern War 2 Non-systemic, integration 1654 1660 6.0 7 3 0.43 22,000
56 English-Sopanish War 2 Non-systemic, integration 1656 1659 3.0 7 2 0.29 15,000
57 Dutch-Portuguese War 2 Non-systemic, integration 1657 1661 4.0 7 1 0.14 4,000
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Table S1: This table presents the war data of Levy (5), complemented with a number of ‘new’ 
properties: the number of the cycle, type of war, and war size in terms of fraction. Wars constituting 
systemic wars are marked red, abnormal (non-chaotic) wars grey, and expansion wars blue. 
 
 
 
 
 
 

Nr. 
Levy

Name Cycle Type of war Start End Duration Number 
GP System

Extent Frac-
tion

Severity 
(bcd)

58 Ottoman War 2 Non-systemic, integration, abnormal 1657 1664 7.0 7 3 0.43 109,000
59 Sweden-Bremen War 2 Non-systemic, integration, abnormal 1665 1666 1.0 7 1 0.14 2,000
60 Anglo-Dutch Naval War 2 Non-systemic, integration, abnormal 1665 1667 2.0 7 3 0.43 37,000
61 Devolutionary War 2 Non-systemic, integration, abnormal 1667 1668 1.0 7 2 0.29 4,000
62 Dutch War of Louis XIV 2 Non-systemic, integration, abnormal 1672 1678 6.0 7 6 0.86 342,000
63 Turkish-Polish War 2 Non-systemic, integration, abnormal 1672 1676 4.0 7 1 0.14 5,000
64 Russo-Turkish War 2 Non-systemic, integration, abnormal 1677 1681 4.0 7 1 0.14 12,000
65 Ottoman War 2 Non-systemic, integration, abnormal 1682 1699 17.0 7 2 0.29 384,000
66 Franco-Spanish War 2 Non-systemic, integration, abnormal 1683 1684 1.0 7 2 0.29 5,000
67 War of the League of Augsburg 2 Non-systemic, integration, abnormal 1688 1697 9.0 7 5 0.71 680,000
68 Second Northern War 2 Non-systemic, integration, abnormal 1700 1721 21.0 6 2 0.33 64,000
69 War of the Spanish Succession 2 Non-systemic, integration, abnormal 1701 1713 12.0 6 5 0.83 1,251,000
70 Ottoman War 2 Non-systemic, integration, abnormal 1716 1718 2.0 5 1 0.20 10,000
71 War of the Quadruple Alliance 2 Non-systemic, integration, abnormal 1718 1720 2.0 5 4 0.80 25,000
72 British-Spanish War 2 Non-systemic, integration, abnormal 1726 1729 3.0 5 2 0.40 15,000
73 War of the Polish Succession 2 Non-systemic, integration, abnormal 1733 1738 5.0 5 4 0.80 88,000
74 Ottoman War 2 Non-systemic, integration, abnormal 1736 1739 3.0 5 2 0.40 38,000
75 War of the Austrian Succession 2 Non-systemic, integration, abnormal 1739 1748 9.0 6 6 1.00 359,000
76 Russo-Swedish War 2 Non-systemic, integration, abnormal 1741 1743 2.0 6 1 0.17 10,000
77 Seven Years’ War 2 Non-systemic, integration, abnormal 1755 1763 8.0 6 6 1.00 992,000
78 Russo-Turkish War 2 Non-systemic, integration 1768 1774 6.0 6 1 0.17 14,000
79 Confederation of Bar 2 Non-systemic, integration 1768 1772 4.0 6 1 0.17 14,000
80 War of the Bavarian Succession 2 Non-systemic, integration 1778 1779 1.0 6 2 0.33 300
81 War of the American Revolution 2 Non-systemic, integration 1778 1784 6.0 6 3 0.50 34,000
82 Ottoman War 2 Non-systemic, integration 1787 1792 5.0 6 2 0.33 192,000
83 Russo-Swedish War 2 Non-systemic, integration 1788 1790 2.0 6 1 0.17 3,000
84 French Revolutionary Wars 2 Second systemic war 1792 1802 10.0 6 6 1.00 663,000
85 Napoleonic Wars 2 Second systemic war 1803 1815 12.0 6 6 1.00 1,869,000
86 Russo-Turkish War 3 Non-systemic, integration 1806 1812 6.0 6 2 0.33 45,000
87 Russo-Swedish War 3 Non-systemic, integration 1808 1809 1.5 5 1 0.20 6,000
88 War of 1812 3 Non-systemic, expansion 1812 1814 2.5 5 1 0.20 4,000
89 Neapolitan War 3 Non-systemic, integration 1815 1815 0.5 5 1 0.20 2,000
90 Franco-Spanish War 3 Non-systemic, integration 1823 1823 0.9 5 1 0.20 400
91 Navarino Bay 3 Non-systemic, integration 1827 1827 0.1 5 3 0.60 180
92 Russo-Turkish War 3 Non-systemic, integration 1828 1829 1.0 5 1 0.20 50,000
93 Austro-Sardinian War 3 Non-systemic, integration 1848 1849 1.0 5 1 0.20 5,600
94 First Schleswig-Holstein War 3 Non-systemic, integration 1849 1849 1.2 5 1 0.20 2,500
95 Roman Republic War 3 Non-systemic, integration 1849 1849 0.2 5 2 0.40 600
96 Crimean War 3 Non-systemic, integration 1853 1856 2.4 5 3 0.60 217,000
97 Anglo-Persian War

War of Italian Unification
3 Non-systemic, expansion 1856 1857 0.4 5 1 0.20 500

98 3 Non-systemic, integration 1859 1859 0.2 5 2 0.40 20,000
99 Franco-Mexican War 3 Non-systemic, expansion 1862 1867 4.8 6 1 0.17 8,000
100 Second Schleswig-Holstein War 3 Non-systemic, integration 1864 1864 0.5 6 2 0.33 1,500
101 Austro-Prussian War 3 Non-systemic, integration 1866 1866 0.1 6 3 0.50 34,000
102 Franco-Prusssian War 3 Non-systemic, integration 1870 1871 0.6 6 2 0.33 180,000
103 Russo-Turkish War 3 Non-systemic, integration 1877 1878 0.7 6 1 0.17 120,000
104 Sino-French War 3 Non-systemic, expansion 1884 1885 1.0 6 1 0.17 2,100
105 Russo-Japanese War 3 Non-systemic, expansion 1904 1905 1.6 7 1 0.14 45,000
106 Italo-Turkish War 3 Non-systemic, integration 1911 1912 1.1 8 1 0.13 6,000
107 World War I 3 Third systemic war 1914 1918 4.3 8 8 1.00 7,734,300
108 Russian Civil War 4 Non-systemic, integration 1918 1921 3.0 7 5 0.71 5,000
109 Manchurian War 4 Non-systemic, expansion 1931 1933 1.4 7 1 0.14 10,000
110 Italo-Ethiopian War 4 Non-systemic, expansion 1935 1936 0.6 7 1 0.14 4,000
111 Sino-Japanese War 4 Non-systemic, expansion 1937 1941 4.4 7 1 0.14 250,000
112 Russo-Japanese War 4 Non-systemic, expansion 1939 1939 0.4 7 2 0.29 16,000
114 Russo-Finnish War 4 Non-systemic, integration 1939 1940 0.3 7 1 0.14 50,000
113 World War II 4 Fourth systemic war, phase transition 1939 1945 6.0 7 7 1.00 12,948,300
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2. A ‘corrected’ version of Figure 3. 
 
In the report, I argue that the development of the second cycle was distorted because of 
abnormal - periodic instead of chaotic - non-systemic war dynamics during the period 1657-
1763.  
In below figure (Fig. S2) the severity of the second cycle, the severity per year and release 
ratio of the second cycle are corrected, assuming the regular development of these properties 
during the four successive cycles (1495-1945), that can be distinguished.  
I argue that the distortion caused an ‘overproduction’ of tensions and a delay in the 
development of the second relatively stable period (1648-1792). 
 

 
 
Figure S2: This figure shows the total severities, the severity per year, and release ratios of 
successive cycles during the period 1495-1945, data from Levy (5). However, in this figure (contrary 
to figure 3), the total severity and release ratio of the second cycle are ‘corrected’, assuming a 
regular trend. 
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3. Great Power status dynamics during the period 1495-1945. 
 
In the report, I argue that the Great Power status dynamics decreased approximately linearly 
during the four successive war cycles the System produced during the period 1495-1945.  
In below tables (Table S3-5) the calculations are shown. 
 
 

Membership of the Great Power System 1495-1975 
Based on data Levy (5) 

State 
 

Start End 

France 1495 - 
England/Great Britain 1495 - 
Austrian Hapsburg/Austria/Austria-Hungary 1495 1519 
Austrian Hapsburg/Austria/Austria-Hungary 1556 1918 
Spain 1495 1519 
Spain 1556 1808 
Ottoman Empire 1495 1699 
United Hapsburg 1519 1556 
The Netherlands 1609 1713 
Sweden 1617 1721 
Russia/Soviet Union 1721 - 
Prussia/Germany/West Germany 1740 - 
Italy 1861 1943 
United States 1898 - 
Japan  1905 1945 
China 1949 - 

 
Table S3: Above table presents the membership of Great Powers in the System during the 1495-1945 
period, based on data Levy (5). 
 
 

Great Power status dynamics during successive cycles of the first finite-time singularity dynamic 
(1495-1945) 

 
 Period  Core (Europe) Non-core 

First international order 1495-1618 Plus 5  
Minus 3  

First systemic war 
(Thirty Years’ War) 

1618-1648 Plus   
Minus   

Second international order 1648-1792 Plus 2  
Minus 3  

Second systemic war 
(Fr. Rev. and Nap. Wars) 

1792-1815 Plus    
Minus 1  

Third international order 1815-1914 Plus 1 2 
Minus   

Third systemic war 
(First World War 

1914-1918 Plus   
Minus 1  

Fourth international order 1918-1939 Plus   
Minus   

Fourth systemic war 
Second World War) 

1939-1945 Plus   
Minus 1 1 

 
Table S4: This table presents the Great Power status dynamics - ‘plus’ and ‘minus’ - during the four 
successive cycles, for the core (Europe) and the non-core of the System. 
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Great Power status dynamics during successive cycles of the first finite-time singularity dynamic 
(1495-1945): consolidated 

 
Cycle Period Core (Europe) Non-core System (core plus non-core) 

1 1495-1648 8  8 
2 1648-1815 6  6 
3 1815-1918 2 2 4 
4 1918-1945 1 1 2 

 
Table S5: This table presents the Great Power status dynamics for each successive cycle, for the core 
(Europe) and non-core of the System. 
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4. Trajectories of war dynamics in phase space. 
 
In below figures (S6, S8 and S9) the trajectories of the war dynamics in phase space shown 
during respectively (1) the first relatively stable period (1495-1618), (2) the first exceptional 
period (1657-1763) (during the second relatively stable period 1648-1792), and (3) the period 
1763-1792 (shortly before the second systemic war (1792-1815)). Phase space is defined by 
the size (in terms of fraction) of systemic wars and their respective intensities (the ratio of 
battle deaths (severity) to European population size) (similar trajectories can be observed in 
case severity is used as a variable). 
A closer look at the trajectories reveals that trajectories make left- or right-hand orbits in 
phase space (17). In figure S6 - concerning the nine orbits the System produced during the 
first relatively stable period (1495-1618) - I have projected right-hand orbits in the second 
(left) quadrant of the figure, to show this phenomenon. The origin and meaning of the 
direction of these trajectories is not (yet) clear.  
Further analysis of these orbits shows that when non-systemic wars that make-up respective 
orbits are considered as ‘units’ of analysis, their average size (the average size of non-
systemic wars making-up respective orbits) did not develop arbitrarily during the first 
relatively stable period (1495-1618); to the contrary. It seems that the nine orbits constitute a 
damped oscillator, pointing to the increasing ‘stability’ of the first international order. It 
should be noted that the damped oscillator developed once the tipping point of the first 
relatively stable period was reached in 1514, and the international order ‘entered’ the high-
connectivity regime, and was consequently increasingly unable to release tensions through 
non-systemic wars. Shortly after the damped oscillator completely stabilized, the first 
international order collapsed and the System produced the first systemic war (The Thirty 
Years’ War, 1618-1648) in response. 
In figure S8: the ‘extreme’ abnormal - periodic - non-systemic war dynamics during the first 
exceptional period (1657-1763) are shown in phase space. The two subcycles shown in figure 
S7 are ‘embedded’ in these patterns. 
The moment the intense rivalry between Britain and France was eventually (but only 
temporarily) resolved in 1763 through the Seven Years’ War, the number of degrees of 
freedom of the System increased to n > 2, and the System resumed - I argue - its default 
chaotic non-systemic war dynamics. The resumption of circular trajectories (see Fig. S9) is 
consistent with these assumptions  
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Figure S6: This figure presents nine circular trajectories that can be identified in phase space during 
the period 1495-1618. The five right-hand trajectories are projected in the left (second) quadrant. 
 
 

 
 
Figure S7: In this figure the development of the average size of non-systemic wars making-up nine 
successive cycles during the first relatively stable period (1657-1763) are shown. The first 
international order developed the first orbit during the low-connectivity regime (before the tipping 
point was reached in 1514); the other eight orbits - constituting a damped-oscillator - were produced 
once the tipping point was reached in 1514. Once the damped oscillator was completely damped, the 
international order was ‘stable’ and unable to release tensions by means of non-systemic wars, and 
consequently collapsed.  
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Figure S8: This figure presents the non-circular trajectories in phase space of the abnormal - 
periodic - non-systemic wars during the first exceptional period (1657-1763). The two subcycles 
discussed in this report are ‘embedded’ in these trajectories. 
 

 

 
 

Figure S9: This figure presents the orbit (consisting of six non-systemic wars) the second relatively 
stable produced following the first exceptional period (1657-1763), once the System in 1763 regained 
a third degree of freedom and resumed chaotic non-systemic war dynamics. During this relatively 
short period the System charged itself for a second systemic war. I argue that chaotic non-systemic 
war dynamics, which are intrinsically more inhibited than the preceding periodic war dynamics - are 
a precondition for the System to be able to become critical and reorganize itself.  
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