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ABSTRACT 
 
 
 
DESCRIBING POLITICAL REGIME CHANGE FROM A COMPLEX SYSTEMS 
PERSPECTIVE 
 
Hugh J. McFarlane, M.S. 
 
George Mason University, 2012 
 
Thesis Committee Director: Dr. Agnieszka Paczynska 
 
 
 
Changes to the formal rules and institutions governing political activity are driven by the 

complex interactions between political actors seeking resources from the state. These 

changes disrupt the network of competitive-cooperative relationships that given sufficient 

time to mature help stabilize and reinforce persistence of the status quo. This thesis 

analyzes these dynamics from the perspective of complex systems theory. The principle 

finding is that the pressure to change regime characteristics moves through three distinct 

phases. Immediately following a change to regime characteristics, system dynamics are 

unstable, indicated by rising hazard force. Over time, the political system transitions to a 

stabilizing self-reinforcing dynamic. During this period a power law model describes the 

survival function and distribution of regime change magnitudes, while the hazard force 

decreases nonlinearly. During the final phase a rising hazard force indicates a transition 

to back to unstable equilibrium dynamics. These findings indicate that changes to regime 



 

characteristics are the result of system level interdependence that forms as a result of the 

development of tactics, strategies and relationships following a previous regime change. 

Those cases where regime characteristics survive for decades, even past the century mark 

as some autocratic and democratic states have managed are indicative of system success 

in developing equilibrium dynamics that effectively resist pressures to change. 
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1. INTRODUCTION 
 
 
 

 Maintaining the stability of regime characteristics, the rules governing political 

activity in a state, is a continuous challenge for most governments. In many cases, 

changes to these rules and institutions are the result of relatively peaceful inclusive 

processes as was the case in Kenya in 2010. However, in other cases such as Libya in 

2011, intense periods of inter-communal violence accompany political development. 

Even when it does not include acts of violence, the contentious process of political 

change can be damaging to social cohesion, economic opportunity, human development, 

and can often have negative spillover effects on other states (Messner 2011; Marshall, 

Gurr, and Jaggers 2010; McAdam, Tarrow, and Tilly 2001). Thus, continuing to refine 

understanding of how and why change to regime characteristics occurs remains a priority 

for the social science field. 

There is a vast body of literature offering a wide variety of useful perspectives on 

how and why political institutions change (see Dahl 1972; Tilly 1978; McAdam, Tarrow, 

and Tilly 2001; Glenn 1999; Gates et al. 2006; Epstein et al. 2006); the relationship 

between combinations of these institutions and violent political events (see Goldstone et 

al. 2004; King and Zeng 2001; Goldstone et al. 2010; Jenkins and Bond 2001); and the 

stability characteristics of particular regime types (see Dahl 1972; Sanhueza 1999; 

Levitsky and Way 2002; Gates et al. 2006). However, while these studies offer a wealth 
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of conclusions concerning how and why regime characteristics persist or change less 

attention has been focused on the dynamics of regime stability as defined by several key 

questions. Can the pressure on a regime to change its characteristics be quantified? Do 

the underlying stability characteristics of a set of political institutions vary over time? If 

so, how? Is this behavior consistent across all regime types? For example, do changes to 

regime characteristics in democracies follow quantitatively and qualitatively different 

patterns than in autocracies? What are the underlying social dynamics that give rise to 

this observed behavior? Do these underlying social dynamics also have an effect on the 

type of change that is likely to occur? For example, are larger changes more likely to 

occur during periods of rising or falling pressure on the system to change? 

These questions can each be addressed through a variety of theoretical 

perspectives and research methods. This thesis chooses to ground itself in the literature 

on complex social systems. The complex social systems literature effectively links 

concepts of the dynamic relationships between actors in a system, how they relate to one 

another, how they adapt to each other’s behavior and to the environment with quantitative 

methods that reveal this underlying system behavior. Generally speaking the behavior of 

a complex system is due to the degree of interdependence of the actors that compose it 

(Miller and Page 2007). In other words, a system is complex if the relationships between 

its sub-components or social actors matter to the system’s survival (Miller and Page 

2007). This description of complex systems provides a unique perspective on what drives 

changes to regime characteristics. 



3 

This thesis argues that observations of macro-level political behavior arise as the 

result of the complex interactions between networks of interdependent actors influenced 

at the individual and group levels by any number of institutional, environmental or social 

conditions. The specific combination of conditions, network structure, or types and 

numbers of actors may distinguish one case from another, but the key to understanding 

changes to regime characteristics is the dynamic created by the persistent need for actors 

to observe each other’s behavior and adapt to it to maintain access to government 

resources. When a group decides that changes to the rules of political activity are needed 

to gain or maintain access to these resources, they put pressure on the system to change. 

The response by key actors to these efforts can maintain the status quo or drive 

adjustments to regime characteristics. While many analyses of political behavior 

qualitatively describe political stability dynamics in terms that reflect this perspective 

(Marshall 2008; Tarrow 1998; DellaPorta and Diani 2006; Weyland 2008; Gates et al. 

2006; Brunk 2001), there is still relatively little analysis that explicitly investigates these 

descriptions through empirical methods (see Cioffi-Revilla 1998a; Gates et al. 2006; 

Baumgartner et al. 2009). 

 The specific hypothesis of this thesis is that as a set of regime characteristics 

persists, it moves through three distinct phases each defined by its equilibrium stability 

dynamics (Cioffi-Revilla 1998a). Following a change to regime characteristics the web of 

competitive-cooperative relationships that influenced political activity under the previous 

regime is disturbed. As actors adjust their strategies and build new relationships their 

collective interdependence, as constrained by the new rules, is insufficient to drive 
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emergent stabilizing behavior. Individuals and groups test government capacity and 

government determines through experience how best to meet demands, solve social 

problems and defend the status quo. “Lock-in,” has not taken place. Lock-in, a term from 

punctuated equilibrium theory, refers to a state of social system dynamics where actors 

increasingly benefit from participating in a particular institution, thus reinforcing its 

stability (Howlett 2009; Cioffi-Revilla 1998a).  

This first phase is followed by a longer period of decreasing pressure that 

eventually levels off at a minimum value. This phase, if regime characteristics survive 

this long, is defined by self-reinforcing and stabilizing dynamics where adaptation by key 

actors to the new rules is nearly complete and their actions are highly interdependent 

within the context of these new institutional constraints, restraints and opportunities. The 

finding that a power law model describes both the survival function and the distribution 

of magnitudes of changes to regime characteristics supports the claim that actor 

interdependence and adaption strategies are the driving force behind these observations 

(see Miller and Page 2007). During the third phase, inconsistencies and problems with 

the current combination of regime characteristics upset the self-reinforcing dynamic of 

the previous phase thereby explaining change during this time frame (see Gersick 1991). 

This entire three-phase progression does not define the lifespan of every set of 

regime characteristics. These characteristics may change at any point along this path. The 

argument is that as they age a given combination of regime characteristics will face 

varying pressure to change. As past research indicates, some regimes will survive these 
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pressures for decades, though most will only survive a few years (Sanhueza 1999; Gates 

et al. 2006). 

 To test this hypothesis this thesis analyzes 891 cases of change to regime 

characteristics from 1900 to 2010. It categorizes regimes according to a binary 

assessment of five regime characteristics drawn from the Polity IV coding methodology, 

designating each characteristic as either autocratic or democratic (Gates et al. 2006). This 

creates six regime classes for comparison. The hypothesis is tested for cases grouped 

according to each regime class, the polarity of the international system (1900-1947, 1948-

1989, 1990-2010) and regional security dynamics. 

In addition to contributions to political theory and quantitative methods, the 

findings of this analysis have direct practical relevance for choices made by governments, 

international organizations and others involved in public policy, foreign relations, conflict 

resolution and other efforts to develop cohesive societies. Regardless of the conditions 

and motivations that drive groups to seek change to regime characteristics, these efforts 

from within the state or by outside parties require an understanding of the general and 

case specific dynamics that drive political systems toward change. The success or failure 

of specific policies and strategies in reaching these goals is, in part, a direct reflection of 

their ability to move system dynamics in a desirable direction.  

Thus, failure to understand the stability dynamics of a political system can result 

in the waste of millions of dollars, lives, and other resources. One example of the scope 

of effort applied to democracy building alone is found in the U.S. Government’s 

relationship with Pakistan from 2008 – 2010. Over this time period the U.S. Agency for 
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International Development spent $9.3 million dollars to support the Pakistan Parliament’s 

operations, trained 2500 members of Parliament and support staff, trained 45,000 voter 

registration officials and 600,000 polling staff in basic election operations and mobilized 

87,000 private citizens to address budget issues with local government officials (USAID 

2012). This effort was intended to support the democratic aspects of Pakistani political 

institutions in the hope that they would not only persist, but also drive further democratic 

changes. Programs such as this are commonplace across much of the developing world 

and supported by millions of dollars from states, international organizations and private 

donors. Aside from assistance to other governments, a long-standing pillar of U.S. 

foreign policy is the use of public diplomacy to encourage democratic transitions in other 

states, a practice that often provokes confrontational responses by target governments 

such as China (Johnston 2003; Shirk 2008). Finally, democracy promotion has been seen 

as a pathway to social change that reduces the likelihood of conflict, though there is 

significant debate over how best to accomplish this (Goldsmith 2008; Hewitt, 

Wilkenfeld, and Gurr 2010). 

Thus, from a public policy perspective alone, it is important to continue to refine 

the basic assumptions in the field concerning political stability and change so as to make 

better decisions concerning the expenditure of public and private funds, diplomatic 

capital, and even lives on democratization and governance campaigns. In addition, these 

quantitative findings also provide a useful starting point for further research into the 

interactions that give rise to change in individual cases. 
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2. LITERATURE REVIEW 
 
 
 

How, why, and under what conditions governments alter the rules governing 

political activity are central questions for political science. However, the terms describing 

these processes are often used in various contexts thus adding confusion, in particular, the 

terms regime change and regime stability. This analysis adopts the definition of regime 

stability given by Hurwitz (1973) as the period of time that the institutions governing 

political activity in a polity remain constant. With or without violence, unrest or other 

challenges to the government, regime stability is simply the ability of a regime to resist 

the pressures on it to change (Cioffi-Revilla and Rouleau 2010). Consequently, regime 

change requires an alteration to the formal rules of political participation and 

competition, not simply a change in the leadership of the state. However, to ensure clarity 

and avoid confusion with the more common usage of regime change and regime stability 

the term regime characteristics is used for this analysis. 

Complexity theory offers an approach to studying social phenomena that can 

reveal important fundamental dynamics of a system or class of systems while not actually 

specifying the particular conditions, pressures and other case-specific characteristics that 

led to a particular observation. Complexity as it relates to social systems can have 

different meanings though it generally refers to the behavior of systems as a function of 

the interactions between system components. Simon (1996, 182–187) describes 
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complexity in terms of hierarchy. Each bounded system is composed of sub-systems that 

perform certain functions. The operation of the sub-systems is responsible for the 

behavior observed at the next higher system level. However, according to Simon (1996) 

hierarchy can also be flat. A system can be composed of some number of inter-related 

subsystems that operate at the same level. An example Simon (1996, 185) gives of a 

complex social system is the political organization of individuals into families, villages, 

and tribes. This structure of the system is revealed by mapping out the density of 

relationships between individuals as levels of hierarchy increase. 

 Miller and Page (2007) describe complexity in terms of the sensitivity of a system 

to the interdependence of the various actors within it. This is the perspective that informs 

this thesis. Higher interdependence leads to higher system-level sensitivity to the 

activities of its sub-components. In a social system where the actions of individuals are 

not interdependent, observations of higher-level behavior will most likely follow a 

normal distribution. The mean dominates because each decision is independent of the 

actions of any other member of the population. However, when the actions of individuals 

are interdependent feedback loops can create non-equilibrium dynamics that drive the 

system away from the mean behavior.  

 Many complex systems exhibit a phenomenon called emergence. Gilbert and 

Troitzsch (2005, 10) describe emergence as occurring when behavior at one level of 

observation gives rise to behavior at a higher level that requires new concepts to describe 

it. According to Miller and Page (2007, 861–2) “emergence is a phenomenon whereby 

well-formulated aggregate behavior arises from localized, individual behavior. Moreover, 
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such aggregate patterns should be immune to reasonable variations in the individual 

behavior.” The formation of mobs, changes in behavioral norms, the growth of a social 

movement are all examples of emergent social behavior brought about by the choices of 

countless individuals responding to each other’s actions according to their own decision-

making processes. 

 Among the quantitative contributions of complexity theory to the study of social 

science and political phenomena, in particular, is the identification of power law models 

as an indicator of complex dynamics (Miller and Page 2007). Power laws are “heavy-

tailed” non-equilibrium event distributions where the magnitude of an event is inversely 

proportional to its frequency (Cederman 2003). The heavy tail means that extreme events 

are more likely to occur as compared with other distributions such as Gaussian or 

exponential. As a system becomes more interdependent, the middle range of behavior 

becomes less prevalent. When used in reliability or survival analysis, power laws are 

often found in the tail region of the complete set of observations. Thus, power laws often 

characterize system behavior after a given amount of time has passed or for events 

greater than a certain magnitude.  

Scale invariance is a unique property of power laws that refers to how different 

regions of the entire range of possible values for a given variable maintain a constant 

scale with respect to one another. When plotted on logarithmic axes a power law takes on 

a linear form that clearly illustrates this property. Scale invariance, particularly across 

several orders of magnitude, implies that the underlying system dynamics behind both 
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large and small events are the same (Cioffi-Revilla and Midlarsky 2004; Bak and 

Paczuski 1995). 

Self-organized criticality (SOC) is a theory of complex systems that is applicable 

to a wide range of social and natural phenomena and has specific relevance to this 

analysis when looking at the magnitude of regime changes. Bak and Paczuski (1995, 

6690) describe criticality as the system state at which a minor event can lead to system 

level changes of varying magnitudes. The system is brought to this critical state through 

the natural interactions between system components. These interactions lead to 

heightened levels of organization that link together the individual behavior of system 

components (Bak and Paczuski 1995, 6659-60). The effects of discrete events such as 

protests, terrorist attacks, or even an election can then propagate through these 

increasingly interdependent networks resulting in a rapid cascade of events that can result 

in new emergent system level properties. After a cascade is triggered the system relaxes 

and interdependence builds again through renewed component interactions (Miller and 

Page 2007). Power law distributions of events are theorized to indicate SOC. 

Several studies find power law distributions in violent political events. 

Richardson (1948) found that the frequency of very severe cases of war deaths between 

1820 and 1945 was distributed according to a power law. Cederman (2003) developed an 

agent-based model (ABM) of inter-state warfare that produces power-law distributed 

results that reflect those found by Richardson. This ABM focuses on the decision-making 

processes by national leaders based on their assessment of the security environment. 

Cioffi-Revilla and Midlarsky (2004) find that the magnitude, time between onset and 
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duration of the largest international and civil wars are power law distributed. Clauset et al 

(2007) study the frequency and severity of terrorist attacks. The authors find that the size 

of attacks follows a power law distribution and attribute this to the decision-making 

process by terrorists in planning an operation as they take into account adversary 

activities. It is important to note that these studies are not focused on establishing a 

particular causal relationship between an independent and dependent variable. Instead 

they provide insights into the underlying system dynamics at the individual, group 

national and international levels that give rise to these political phenomena. 

While SOC has not been widely used in the analysis of political systems outside 

of the studies cited concerning political violence, Brunk (2001) argues that growing 

interdependence between social actors is a natural outcome of political activity. Thus 

systems become increasingly vulnerable to minor shocks. He offers the hypothesis that 

democracies might be more successful in maintaining stability because they permit 

numerous small cascades of discontent to occur thereby dampening the buildup of 

pressure that would lead to systemic change. In addition, Brunk (2001) argues that where 

individuals are not sufficiently interdependent, the cascades that might take down an 

entire system are prevented from propagating. 

 This thesis applies these concepts of complex system behavior to explain changes 

in political characteristics. This requires further specification of the key actors, the 

relationships between them and theories of why political change occurs. 

Tilly (1978) provides a basic polity model that describes the system level 

structure of a state and identifies the relationships between key actors. In this model the 



12 

state is composed of the government and contenders (Tilly 1978). These groups use the 

combined resources of supporters to pursue their goals. Contenders can be polity 

members or challengers. Polity members are able to leverage government resources to 

achieve their goals regularly and at relatively low cost. Challengers incur higher costs. 

Coalitions can form between any combination of the government, challengers, and 

members to achieve common goals. This results in a network of relationships within a 

population that changes over time and in response to the strategic calculations of groups 

contesting political issues. 

Given an interdependent competitive-cooperative network of political actors how 

does change to political characteristics come about? Dahl (1972) offers an analysis of the 

democratization process. He classifies political systems based on the combination of two 

variables, contestation and participation that together define the level of democratization 

in a state (Dahl 1972). Dahl’s concern is in identifying the impediments to a regime 

becoming more democratic, and thus, permitting more open contestation of political 

issues. He argues that political elites in the government weigh the relative costs of 

toleration and repression of opposition when deciding when and how much to change the 

characteristics of the current political system. Elites may be reluctant to give up the 

advantages of the status quo and therefore resist change when the consequences are 

undesirable. In contrast, when the threat to their position is low, they are more likely to 

agree to reforms. 

 McAdam, Tarrow and Tilly (2001) classify political systems in terms of 

governmental capacity and protected consultation. Governmental capacity refers to the 
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degree of control and influence that government institutions and officials have over actors 

within the borders of the state. Protected consultation is the degree to which actors in the 

polity are able to interact with the government without fearing its response to those 

activities. Four variables, breadth, equality, consultation, and protection define protected 

consultation. These variables generally describe who can participate in politics, what 

control they have over government actions, how equal they are under the existing 

institutions, and if they have freedom from arbitrary action by the government. High 

degrees of protected consultation and capacity are associated with democracies. 

Given these definitions, McAdam, Tarrow and Tilly (2001) identify a strong and a 

weak path to democracy. The strong path requires government capacity to improve, then 

an expansion of protected consultation. The weak path goes in the opposite order. The 

authors argue that extremes of either path are less likely than a more complex middle 

route due to the compromises the government must make and the conditions it must 

survive as challengers drive it to change. Thus, political development along any path is 

the result of pressure to change by challengers to the status quo and the response of those 

invested in the existing system. 

Numerous studies of political development from a variety of perspectives focus 

on the elite decision-making under pressure from challengers in the political system. 

Levitsky and Way (2002) have developed competitive authoritarianism as a theory that 

explains why elites in authoritarian political systems adopt limited democratic 

characteristics such as direct election of the chief executive. They argue that this is a 

calculated strategy to control outcomes, but also to relieve some of the pressure for 
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reform. The core argument is that a regime that has a few democratic institutions is not 

simply one step closer to the inevitable development toward democracy. Instead the 

government has found that it can exploit these institutions to consolidate its power. 

Examples of these regimes throughout the 1990’s include Kenya, Russia, and El Salvador 

(Levitsky and Way 2002). Matti (2010) uses the example of the Democratic Republic of 

Congo in 2006 to illustrate how elite patronage networks continue to drive political 

activity despite the introduction of democratic reforms. 

Similarly, Albrecht and Schlumberger (2004) argue that governments in the 

Middle East resist wholesale democratic transitions by alternating policies that open and 

close political participation as conditions demand. Way (2011) also analyzes these 

patterns of changes to regime characteristics in the Middle East. He argues that elite 

control over the process of political reform is a primary reason that democracy has not 

taken hold in the region. Both analyses describe changes to political institutions as a tool 

used by elites to carefully manage access to state resources.  

Recent analyses of China’s political development since 1979 have focused on the 

elite strategies to maintain system level characteristics that benefit them materially. Cai 

(2008) argues that through a combination of targeted repression and toleration of 

expressions of public discontent directed at local and regional officials the national 

government reduces the pressure to make significant system level reforms. Xiaojun 

(2011) describes Chinese Communist Party (CCP) efforts to actively integrate itself with 

informal elite networks that exist outside of official circles. The strategy is to use these 
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relationships to co-opt an increasingly large network of people with influence in society 

to reduce pressure to reform. 

Bueno de Mesquita and Smith (2010) offer an economic argument for why elites 

decide to actively repress challenges or to make other concessions. They argue that 

governments can respond to revolutionary pressures by increasing public goods or 

repressing political activity. Governments resist using resources from general economic 

activity to suppress challenges, as it is counter-productive to overall social stability. 

However, if free resources such as extractive resources are available, then repression is 

more likely. This helps explain why states with large natural resource endowments tend 

to be more authoritarian.  

More generally, modernization theory hypothesizes that increasing wealth leads to 

more likely transitions away from autocracy and less likely transitions from democracy 

(Epstein et al. 2006). This is argued to be the result of the unwillingness of wealthier 

populations to tolerate repressive governments. Thus, as per capita wealth increases so 

too does the pressure to reform. 

Weyland (2008) offers an alternative theory of elite decision-making based on 

social-psychological theories of risk-taking behavior. He argues that the risk-taking 

instinct in individuals faced with potential losses allows them to break out of a defensive 

cycle that hardens support for the status quo. He further argues that waves of change 

across several states in a short period of time as happened in Latin America over the last 

decade are the result of elites making decisions by looking to examples of behavior 
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around them. This eases the decision-making burden on a leader as one can simply follow 

the prevailing trend. 

Finally, elites are not a monolithic entity but a network of individuals whose 

support for current regime characteristics may change in response to changing 

circumstances. Coups and internal revolts are responsible for some of these events, but 

elites need not directly, actively, and violently oppose rulers to have an effect on political 

development. McAdam, Tarrow and Tilly (2001) compare the revolution in Nicaragua in 

1979 and the student rebellion in China in 1989. They argue that when elite coalitions 

break apart, as some decide to affiliate with challengers, it creates opportunities for 

political change. This occurred in Nicaragua, but not in China. Similarly, Robertson 

(2009) looks at elite relationships in Russia over the last decade. He argues that in 

autocratic systems elites must coordinate their support for the existing regime in order to 

ensure its continued survival. Democratic institutions such as elections and freedom to 

protest can create momentum for defection by some elites to support alternative regime 

characteristics, thus weakening the coalition that maintains the status quo. 

These studies are only a small sample of the analysis of why regime 

characteristics change. The focus is primarily on the role of elites confronted with 

challenges to the status quo. As one goes through the literature it becomes clear that there 

is a dominant macro-process underlying changes to political characteristics. That is, elites 

sense pressure to reform build over time, they develop strategies to resist or to make 

concessions, and they generally try to limit or at least shape the reforms that are made.  
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Even in situations where elites are forcibly removed from power as in Egypt in 

2011, the group that takes control is still faced with the same decisions, though perhaps 

from a different perception of risk and gain. Throughout Eastern Europe after 1989, the 

decision was made to adopt democratic institutions. In contrast, democratically elected 

leaders may try to consolidate power by changing aspects of the constitution as Hugo 

Chavez has attempted in Venezuela. Finally, the specific sources of pressure are not 

investigated in this analysis. Instead, pressure on a regime to change its characteristics 

from sources internal or external to the state is studied as an aggregate force only. 

The question that then arises is what effect do existing regime characteristics 

themselves have on the process of political development? Do differences in the 

combination of regime characteristics lead to variations in aggregate pressure on elites to 

make changes? Do some regime types resist pressure more effectively than others? 

Wright (2008) compares new democracies, those that have begun since the end of World 

War II to see if their initial degree of openness has an impact on their longevity. He finds 

that in the long run new democracies that are initially open to political competition are 

more stable. His conclusion is that elites should favor more open competition because it 

reduces the number of subsequent challengers that employ methods such as violence 

outside of institutional constraints. One would therefore expect the most open regimes to 

experience a lower pressure to change over their lifetimes than those with fewer 

democratic characteristics. Goldsmith (2008) approaches this issue from another direction 

and argues that the process of democratization in the Middle East is characterized by 
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periods of political instability because autocracies adopt some democratic characteristics, 

but do not transition to fully open political systems.  

The longevity of regime characteristics has also been studied in an effort to 

establish the relative merits in terms of stability of democratic institutions. Sanhueza 

(1999) investigates finds that all regime types are at increased risk of change within the 

first five years of their existence after which the hazard rate decreases. In addition, 

national wealth reduces the hazard rate on democracies but has little effect on 

autocracies. Finally, discontent with leaders, a measure of pressure on the government 

increases the hazard rate in autocracies, but not in democracies. Gates et al (2006) find 

that the durability of highly autocratic and highly democratic regimes is greater than 

those of less institutionally consolidated regimes. The authors argue that institutional 

consistency creates a self-reinforcing condition that enables elites to more effectively 

resist pressure to change regime characteristics. 

In conclusion, the literature on political development and change expresses two 

general findings that are relevant for this analysis. First, change is the result of decisions 

made by elites that a particular combination of regime characteristics will best satisfy 

whatever decision-making criteria they have established to meet individual and group 

goals. These elites may or may not control the government, but they act in response to 

these decisions to defend the status quo or to change it. Second, pressure to change can 

originate from countless sources even internal to elite circles, but it is the imperative to 

respond to pressure to ensure survival that activates elite decision-making processes.
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3. THEORETICAL FRAMEWORK FOR ANALYSIS AND HYPOTHESES 
 
 
 
 This analysis uses concepts and quantitative methods from the literature on 

complex social systems to draw conclusions concerning the underlying social processes 

responsible for observed patterns of changes to regime characteristics. A basic assertion 

found throughout the literature is that interdependence between actors in a system creates 

feedback loops that lead to nonlinear event distributions, both in time and magnitude 

(Miller and Page 2007; Bak and Paczuski 1995; Cioffi-Revilla and Midlarsky 2004; 

Gersick 1991). Changes to regime characteristics are therefore far more likely to occur 

earlier in their lifespan and to be relatively minor in magnitude. In addition, relatively 

long intervals between changes to regime characteristics and large magnitudes of change 

are more prevalent than would be the case if a Gaussian distribution described political 

dynamics. Further, this thesis argues that while this general behavior describes the 

durability of regime characteristics from the day they enter into force, after an initial time 

frame of several years a power law describes the survival function. When put in terms of 

hazard force, this transition indicates a system with stabilizing self-reinforcing dynamics 

(Cioffi-Revilla 1998b). Three hypotheses are therefore proposed to describe the 

underlying dynamics behind changes to political regime characteristics: 
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H1: Autocratic, mixed and democratic regimes all move through a similar three phase 
stability profile as the rules governing political participation and competition survive an 
additional year. The first phase is unstable, indicated by rising hazard force. This is 
followed by a period of institutional stabilization and declining hazard force. Finally, the 
hazard force rises again indicating a shift to an unstable system. 
 
 

Regime characteristics in a particular state can change anytime in this three-phase 

process. However, as they age they move through distinct phases where the phase 

duration and intensity of the hazard force are specific to a broad class of regimes, but 

whose form is consistent across all classes. Following a regime change there is a period 

of time where the actors in a political system must adjust to the new constraints, restraints 

and opportunities arising from new rules governing political participation and 

competition (McCarthy and Zald 1977; Kriesi, Hans Peter 1996). If regime 

characteristics survive beyond this time period, the network of competitive-cooperative 

relationships that arise within the context of these characteristics drives stabilizing, self-

reinforcing dynamics that reduce the pressure on the regime to make further changes as 

time goes on (Gersick 1991). Finally, for some particularly durable regimes, this self-

reinforcing dynamic is eventually reversed, leading to rapidly increasing pressure to 

change. An alternative hypothesis would be that there is no initial period of instability 

and that the overall hazard force resembles a ‘U’ or ‘J’ (Cioffi-Revilla 1998a). 

 
 
H2: During the second phase of declining hazard force the survival function of regime 
characteristics follows a power law indicating that the system has developed a level of 
interdependence between the actors that results in non-equilibrium dynamics. 
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 As regime characteristics endure, government capacity to coerce potential 

challengers to participate within the system or suffer severe consequences increases as 

can the government’s ability to provide resources to potential interest groups and 

challengers that reduce pressure to change (Tilly 1978). The interdependence created by 

widespread participation in and reliance on the rules of political participation by key 

actors leads to more clear evidence of complex systems behavior. Therefore, a power law 

model is expected to describe the survival function of regimes that make it to this phase. 

Alternatives to the power law model in the literature include the exponential (Cioffi-

Revilla 1984), log-logistic (Gates et al. 2006) and Weibull distributions (Sanhueza 1999). 

 
H3: During the second phase of declining hazard force the distribution of magnitudes of 
change to regime characteristics follows a power law thereby linking the dynamics that 
drive the durability of regime characteristics to the magnitude that they change. 
 

 The theory of self-organized criticality links power law distributions of 

magnitudes of change to underlying complexity and interdependence of system 

components (Bak and Paczuski 1995). The high occurrence of small change magnitudes 

is the result of system adaptation to pressure to change that exceeds a particular 

threshold. Change to regime characteristics is most often the result of contested processes 

that result in a higher frequency of small adjustments due to the limited ability or interest 

of the actors involved to secure significant changes to the status quo.  
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4. METHODS 
 
 
 

 The cases selected for this analysis are drawn from the Polity IV dataset (Marshall 

et al 2010). Polity IV provides annual assessments of several variables describing key 

characteristics of political competition and participation in a state. Using these variables 

it is possible to group regimes into different classes based on common characteristics. 

Marshall et al (2010) argue that states can have a combination of autocratic and 

democratic characteristics. Thus, the Polity dataset provides a score for each state for 

each year in both the autocratic and democratic categories. These scores are determined 

by first assessing whether each variable fits into the autocratic or democratic category 

and then assigning a value based on the relative degree to which each variable is 

autocratic or democratic. The dataset also calculates the polity score, simply the 

difference between the autocratic and democratic scores. However, the authors argue that 

this composite score is not in keeping with underlying Polity methodology and 

distinguishing between autocratic and democratic characteristics is the preferred use of 

the dataset (Marshall et al 2010). 

Therefore, use of the composite polity score to classify regimes is rejected in 

favor of a methodology developed for this analysis that accomplishes three goals. First, it 

distinguishes between autocratic and democratic regime characteristics in keeping with 

the Polity methodology. Second, it limits the number of regime classes. While it is 
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necessary to have sufficient differentiation between regime classes for adequate 

comparison, having too many classes also presents potential issues. It reduces the number 

of cases for each regime class making comparison of possible empirical models that may 

fit the data less certain. Further, it is not clear that analyzing each possible combination of 

regime characteristics, 21 given the variables measured in the Polity dataset, would 

actually improve understanding of the phenomena of interest. The claim is made that 

different regime types display similar behavior, not that there are significant differences 

between them. Third, the methods used here account for any change in regime 

characteristics in any measured variable. This ensures that system response to pressure is 

adequately measured. 

Based on the requirements outlined above, regime classes are defined by the total 

number of autocratic and democratic characteristics of a regime based on an assessment 

of five variables from the Polity dataset. The five variables selected for this analysis are 

constraints on the chief executive (XCONST), regulation of the chief executive 

(XRREG), competitiveness of executive recruitment (XRCOMP), openness of executive 

recruitment (XROPEN), and political competitiveness (POLCOMP). The POLCOMP 

variable is a combination of the regulation and competitiveness of political participation, 

PARREG and PARCOMP respectively. The polity scores provided in the dataset are 

based on an assessment of both PARREG and PARCOMP. However, the POLCOMP 

concept variable was chosen to avoid issues in the coding methodology described below 

where the Polity IV assessments of the two sub-variables are dependent on one another 

(see King and Zeng 2001). The score of one is dependent on changes in the other. While 
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this is fine for developing the overall polity scores, it does not work for the classification 

methodology employed in this analysis. 

 The regime classes are determined directly from the Polity assessments of each 

variable. For each case, each of the five selected variables is coded as democratic or 

autocratic according to the methodology outlined in the Polity IV codebook (Marshall et 

al 2010). This creates six broad regime classes ranging from no democratic 

characteristics, regime class (RC0), to all democratic characteristics (RC5). A seventh 

category (RC6) captures the Polity IV codes of indeterminate (-88) due to transition and 

interregnum (-77) where the central government has fallen. This seventh category is used 

as a possible transition state to identify a change in regime characteristics for the 

temporal analysis, but is not considered as a starting class. The social and political 

dynamics at work during these periods of indeterminate institutions are assessed to be 

uncertain enough theoretically that their inclusion as cases would undermine the clarity of 

this analysis. 

Polity IV measures each variable annually. The duration of a single case, the time 

between regime changes, is the number of years starting the year after the change to the 

year of the next change. The magnitude of change is calculated in two ways. The first 

method is simply to count the number of regime characteristics that changed across all 

five variables. This results in a magnitude scale from 1 to 5. A second method assesses 

changes in the autocratic or democratic assessment of each variable. For example, the 

XCONST variable was originally autocratic, changes, but remains within the autocratic 

range. Under the first methodology the magnitude of change would be 1. Under the 
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second methodology the magnitude of change would be 0. Both methods are used 

because they assess two valid descriptions of the magnitude of change, though the first 

method is more closely linked to the approach used to determine the regime duration.  

Finally, it was decided to measure the magnitude of change by the number of 

variables that changed rather than to use the degree of change within each variable. First, 

the degree of change, for example, transitioning from one method of selecting the chief 

executive to another as a measure of the magnitude of system response is a more 

subjective approach. It requires a determination that the various gradations within the 

polity scales for each variable represent quantitatively not only structurally different 

choices. Further, the assumption is that a linear scale of change from one category to the 

next appropriately measures differences between these categories. It could be argued that 

changing from a competitive environment with minimal violence to one with no violence 

is actually a very large transition compared to others in the POLCOMP scale. It is more 

difficult to argue that a shift from electing the chief executive to selecting him from a 

group of elites has a clear quantitative value and that these values can be combined across 

five variables to give a clear indication of a total magnitude of change. Instead, there is a 

stronger argument to be made that a system that alters many characteristics, no matter the 

degree, has undergone a larger system response than one where only a single 

characteristic has changed. This approach limits the magnitude scale, but adds greater 

certainty to the measures of change. 

 Cases are collected for the time period from 1900 to 2010. This time frame allows 

further comparative analysis of three different periods of polarity in the international 
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system. The Polity dataset goes back to 1800. The decision to start at 1900 is somewhat 

arbitrary, but was made primarily because it focuses on the modern era that begins with 

the period leading up to WWI. The actual choice of 1900 was not based on any particular 

historical event or assessment of geopolitical conditions. 

Cases are selected only if the year of regime change falls between 1900 and 2010 

inclusive. Regime changes due to the dissolution of the state itself, primarily observed as 

unifications such as Germany, Yemen, and Vietnam are not included. In addition, regime 

changes as a result of foreign invasion are not included. However, in both of these 

situations, the duration of the regime that emerges is included if it changed within the 

period of interest. Finally, the data is left censored and includes regimes that began prior 

to 1900, but it is not right censored. Therefore, regimes that were in place in 2010 are not 

included at their current ages. The frequency of regime changes from 1900 to 2010 using 

this methodology can be seen in figure 1. 
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Figure 1. Frequency of Regime Changes From 1900-2010 

  
 
 

It should also be noted that the United States and several other states are not 

included in this analysis because according to the Polity IV coding methodology they 

have not experienced a change to regime characteristics during the period from 1900-

2010. The five states that did not change between 1900 and 2010 according to the 

methodology used here are: Switzerland (163 years), the United States (140 years), Costa 

Rica (121 years), New Zealand (118 Years) and Australia (110 years). These are all full 

democracies in RC5. In addition, 14 full democracies in RC5 currently (in 2010) exceed 

the maximum observed lifespan for this regime class given the cases that have been 

observed (Switzerland, USA, Costa Rica, New Zealand, Australia, Sweden, Canada, UK, 

Finland, Netherlands, Norway, Denmark, Austria and Italy). The cases are left out of the 

analysis because they do not meet the selection criteria. This has an effect on the 

conclusions that will be discussed here and in the conclusions. First, with the exception of 
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Costa Rica these are all wealthy democracies located in or having close historical ties to 

Western Europe. If they were to be included they would simply have the effect of 

extending the period of relative stability hypothesized to exist in the second phase of 

political development for RC5. In no other class are there regimes that in 2010 have 

endured beyond the maximum observed duration for that class. The implication that 

wealthy democracies may have entered a permanent period of stable self-reinforcing 

political dynamics is certainly of interest, but the primary question of this analysis is what 

dynamics prevent other states from entering this elite category of regimes.  

 The dataset is analyzed to confirm both the three-phase stability hypothesis and 

specifically, the proposed power law hypotheses for regime durations and magnitude of 

change. Power laws come in four general types including log-survival, rank-size 

distribution, absolute frequency, and probability distribution functions (Cioffi-Revilla, 

2010). Each of these types uses the same basic form:  

  F(t) = ct –α   
  t = time or magnitude, c = scale parameter, α = shape parameter 
 

The log-survival function S(t) is used in this analysis and is defined as the probability that 

a regime of a particular age T will survive another instant or that a change of magnitude 

greater than M is observed: 

   
S(t) = 1- Φ(t) = Pr (T  ≥ t ) 

where Φ = cumulative distribution function 
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The log-survival function has been used in the power law analysis of firm sizes (Axtell 

2001), earthquake magnitudes (Rundle et al. 2002), and conflict events (Cioffi-Revilla 

and Midlarsky 2004; Clauset, Young, and Gleditsch 2007). 

 There is consensus in the literature that evaluating the hypothesis that a 

distribution follows a power law is a two-step process. First, perform the maximum 

likelihood estimation of the power law shape parameter alpha. Second, calculate the 

goodness of fit and compare the findings to other possible empirical models (White, 

Enquist, and Green 2008; Clauset, Shalizi, and Newman 2009). The methodology 

employed by Clauset et al (2009) is used here. First, the Kolmogorov-Smirnov (K-S) 

statistic for each set of observations greater than tmin is calculated by comparing the 

actual distribution to a predicted distribution with shape parameter alpha. The set of 

observations is enlarged each iteration until the entire dataset has been tested. The value 

of tmin that provides the best maximum likelihood estimation and the corresponding 

value of alpha describe the power law tail for the log-survival function. This is performed 

with scripts in MATLAB available from the Sante Fe Institute and developed by Clauset 

(2010; 2009a; 2009b). These scripts calculate alpha, the tail cutoff value (tmin), log-

likelihood, p-value, uncertainty of alpha and tmin. The null hypothesis that a power law is 

an appropriate model for the distribution is not rejected for p-values greater than 0.1 (see 

Clauset, Shalizi, and Newman 2009). Next, the log-likelihood statistics for each of four 

candidate distributions found in the literature (Weibull, power law, exponential, and 

lognormal) are compared. This establishes which of these models provides the best fit to 

the data even if the K-S test fails to reject the null hypothesis. The log-likelihood for each 
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class is calculated in MATLAB (ver. R2010a, 32-bit on Mac OS-X) using the distribution 

fit tool. 

 The best model for the survival function for the initial period of a regime’s 

lifespan is also determined. First, the survival function for each regime class prior to tmin 

is calculated. The survival function is then fit to the exponential, lognormal and Weibull 

distributions. By comparing the log-likelihood values, the model that provides the best fit 

for each of the six regime classes is identified. 

 The hazard force hypothesis is tested using the distributions and shape parameters 

identified in the survival analysis. Hazard force can be used to express in quantitative 

terms the pressure on a system that drives observed political behavior (Cioffi-Revilla 

1998b). The hazard force can either be unique or an aggregation of forces from multiple 

sources. It is expressed in terms of probabilities to reflect the uncertainty that governs the 

onset of political events. In this thesis, hazard force is an aggregate of the countless 

influences on political behavior. Without further specifying or identifying the relative 

relationships between these individual forces one can still identify how they combine to 

drive changes to regime characteristics. Thus, pressures from foreign governments, 

global economic conditions, domestic interest groups, or any of a nearly infinite array of 

other sources are represented in this aggregate empirical concept. 

Given the survival function, S(t), and the instantaneous probability of regime 

change at time = T, P(t), one can calculate the hazard force for a power law as follows: 

 

  H(t) = P(t) / S(t) = (α / t) (Cioffi-Revilla 1998) 
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This approach provides a straightforward link between the behavior associated with a 

power law survival function and the forces that drive that behavior. 

The hypothesis tests for both measures of magnitude require different methods 

from those described for the temporal analysis because of the limited range of possible 

regime changes. With only five variables, each with two possible values, the possible 

magnitudes range from 0 to 5 or 1 to 5 depending on the method used. Thus, the power 

law hypothesis is tested using linear fitting methods. This approach is considered inferior 

to the MLE with K-S test described above. The concern for relatively large data sets is 

that the linear fit test gives a wider range for the shape parameter and tmin than the MLE 

(White, Enquist, and Green 2008). However, in this case, these methods are used due to 

lack of a better option.  

The power law hypothesis for magnitude changes is tested in two steps. First, the 

log-survival function of the magnitude observations is fit to the power, exponential, linear 

and lognormal distributions and the R2 values are compared. Next, the hypothesis that the 

model with the best R2 fits the log-survival function is accepted at the 0.05 significance 

level for the F-test. Therefore, for the power law hypothesis to be accepted for a regime 

class it must have the highest R2 of the four models and have an F-test significance of 

0.05 or better. This analysis is performed using the Statistical Package for Social 

Scientists (SPSS) software version 20 running on Mac OSX. 

 A second approach to magnitude analysis is used that does not apply to the SOC 

hypothesis testing. This is derived from the analysis of punctured equilibrium in 
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institutional process conducted by Baumgartner et al (2009). This method does not look 

for a power law, but does compare the kurtosis of the distribution of event magnitudes 

across different phases in the institutional process. Positive kurtosis values are called 

leptokurtic and refer to distributions that have higher peaks, narrower shoulders, and 

more substantial tails than Gaussian distributions. Thus, a shift toward increased kurtosis 

is a weak test of the SOC hypothesis. For this analysis, it permits a simple evaluation of 

whether there are changes in the probability of low and high magnitude events as regime 

characteristics endure through successive phases.  

Finally, a comparative analysis of geographic regions is included to test whether 

the temporal findings hold when regimes are classified by geographic region. The 

geographic regions used in this analysis are based on the work of Buzan and Waever 

(2004) on regional security complexes (RSC’s). Regional security complexes are 

theorized to bind a group of states together through shared security concerns. These 

relationships can be adversarial or cooperative, but they are stronger within the RSC than 

with states outside the RSC (Buzan and Waever 2004). While this method of selecting 

regions is problematic because these security dynamics may change over time, it is at 

least based on a theory of regional relationships that can shed light on possible cross-

border effects. In addition, RSC’s are relatively stable constructs. Finally, due to the few 

number of cases in some RSC’s for all six classes, east, west and southern Africa are 

combined into Sub-Saharan Africa. North and South America are combined into Western 

Hemisphere.  
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5. REGIME DURATION ANALYSIS RESULTS 
 
 
 

 The primary finding of this analysis is that the survival function for each regime 

class beyond a regime duration greater than or equal to tmin can be modeled by a power 

law (see table 1, figure 2). The K-S tests for all six regime classes give a p-value greater 

than 0.10, the threshold for not rejecting the null hypothesis. A comparison of the log-

likelihood values for the power law, Weibull, logarithmic, and an exponential distribution 

finds that for the six regime classes the power law is the best fit. For the six regime 

classes the F-tests for the power law distribution after tmin are significant at the 0.001 

level. Of interest, tmin is found to roughly correspond to the regime duration where 50% 

of regimes change for all classes except for regime class 1 (see table 1). 
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Table 1. Regime Class (1900-2010) Power Law Results 
Regime Class 0 1 2 3 4 5 

Descriptive Statistics 
Total Cases 168 328 76 109 143 66 

Mean (SE) 
7.25 

(0.94) 
11.82 
(0.78) 

7.05 
(0.91) 

6.29 
(0.74) 

8.11 
(0.80) 

10.70 
(1.24) 

Std. Deviation 12.14 14.19 7.97 7.67 9.58 10.04 
Variance 147.43 201.23 63.54 58.82 91.69 100.74 

Skewness (SE) 
5.03 

(0.19) 
3.08 

(0.14) 
2.05 

(0.28) 
3.53 

(0.23) 
4.39 

(0.20) 
2.78 

(0.30) 

Kurtosis (SE) 
30.41 
(0.37) 

13.90 
(0.27) 

4.10 
(0.55) 

17.20 
(0.46) 

27.27 
(0.40) 

10.98 
(0.58) 

Duration < tmin (Weibull) 
Duration (yrs) 1 to 7 1 to 26 1 to 5 1 to 8 1 to 9 1 to 9 

Weibull k (SE) 
1.83 

(0.13) 
1.29 

(0.06) 
1.84 

(0.21) 
1.89 

(0.16) 
1.86  

(0.15) 
2.49 

(0.32) 

Weibull λ (SE)  
3.57 

(0.19) 
8.18 

(0.40) 
2.77 

(0.24) 
3.68 

(0.22) 
4.63  

(0.26) 
5.69 

(0.38) 
Duration ≥ tmin (Power Law) 

Duration (yrs) 8 to 101 27 to 113 6 to 37 9 to 56 10 to 80 10 to 63 

N-Tail (σ) 
43 

(6.74) 
42 

(7.54) 
31 

(6.80) 
25 

(5.42) 
38 

(4.40) 
27 

(4.37) 
K-S Test (MATLAB) 

alpha (σ) 
2.51 

(0.28) 
3.76 

(0.49) 
2.35 

(0.73) 
2.89 

(0.57) 
3.04 

(0.42) 
2.76 

(0.58) 

Tmin (σ) 
8 

(1.67) 
27 

(2.19) 
6 

(3.78) 
9 

(2.73) 
10 

(1.21) 
10 

(2.32) 
p 0.68 0.63 0.30 0.79 0.17 0.39 

gof-KS 0.068 0.073 0.10 0.077 0.10 0.10 
L -140.59 -152.20 -97.78 -75.85 -127.29 -88.01 

Curve Fit (SPSS) 

R2 (SE) 0.98 (0.13) 0.98 (0.13) 0.92 (0.27) 0.98 (0.12) 0.94 (0.29) 
0.98 

(0.13) 
F 1048.99*** 1212.46*** 176.04*** 689.26*** 200.59*** 746.32*** 

alpha (SE) -2.35 (0.04) -3.44 (0.07) -2.61 (0.12) -2.78 (0.07) 
-2.82 
(0.13) 

-2.90 
(0.07) 

t -32.39*** -34.82*** -13.27*** -26.25*** -14.16*** -27.32*** 
***Significant at 0.001 level 
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Figure 2. Log-Survival v. Log-Regime-Duration for Regime Duration Greater than Tmin 

 
  

0.0041 

0.041 

0.41 

7 70 

S(t) RC0 

0.0050 

0.0500 

25 

S(t) RC1 

0.0100 

0.1000 

1.0000 

5 50 

S(t) RC2 

0.0080 

0.0800 

8 80 

S(t) RC3 

0.0050 

0.0500 

0.5000 

8 80 

S(t) RC4 

0.0100 

0.1000 

1.0000 

8 80 

S(t) RC5 



36 

The hypothesis that the hazard force for each regime class initially rises up until 

tmin, then decreases after tmin before rising rapidly again just before the maximum 

observed regime duration is confirmed. In all cases, the Weibull distribution is the best fit 

for regime durations less than tmin (see table 1). For this period the shape parameter k for 

the Weibull distribution in all cases is greater than 1, indicating an initial increase in 

hazard force up to tmin. Full democracies (RC5) experience the highest rise in hazard 

force prior to tmin. However, it is not full autocracies (RC0) but those regimes in RC1 

that experience the most gradual initial rise in hazard force. All other regime classes 

(RC0, 2, 3 and 4) experience nearly identical rates of initial hazard force. This is clear 

from the plot of the hazard force model based on the parameters calculated in table 1 

(figure 3). Note that Sanhueza (1999) also uses a Weibull distribution to express the 

hazard force on regimes grouped in three categories, autocratic, democratic and mixed 

over their entire lifespan. In contrast, as previously described, a power law is found to be 

the best fit after tmin. 
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Figure 3. Hazard Force v. Regime Duration for Regime Durations Less than Tmin 
  
 
 
 

Following an initial increase prior to tmin, the hazard force for all regime classes 

decreases non-linearly according to the following equation derived from the underlying 

power law survival function before then increasing again:  

  
H (t) = α / t (Cioffi-Revilla 2008) 

 

Figure 4 is a plot of the hazard force after tmin using the model parameters from table 1. 

The only discernable relationship between the hazard force and regime class occurs for 

regime types 2, 3, and 4, the mixed and more democratic regime classes. For these 
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increases (see table 1). Thus, as mixed regimes get more democratic, the overall pressure 

to change is higher for any chosen duration after tmin. This finding is consistent with past 

research demonstrating that mixed regimes, particularly those reaching full 

democratization are more likely to experience instability (see Marshall 2008; Gates et al 

2006). 

 

 

 
Figure 4. Hazard Force v. Regime Duration for Regime Duration Greater than Tmin 
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lognormal, and exponential distributions. Finally, the F-test statistic for the power law 

curve fit is significant at the 0.001 level. There is no clear association of alpha or tmin 

with regime class. However, alpha and tmin rise and fall across regime classes together. 

Prior to tmin, the Weibull distribution provides the best fit to the data for regime classes 

1, 3 and 4/5. Regime classes 0 and 2 have a tmin of 2 and 3 years respectively, thus the 

survival function is non-existent or linear rising. The values for k, the shape parameter for 

the remaining classes are greater than 1 indicating a rising hazard force as regimes move 

closer to tmin. Also, k increases as regimes become more democratic as was the case for 

regime classes for the entire period from 1900-2010.  
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Table 2. Multipolarity (1900-1947) Power Law Results 
Regime Class 0 1 2 3 4 and 5 

Descriptive Statistics 
Total Cases 16 67 18 19 34 
Mean (SE) 20.75 (8.19) 16.21 (2) 12.72 (2.9) 12.95 (3.15) 12.97 (2.01) 

Std. Deviation 32.74 16.37 12.32 13.71 11.71 
Variance 1072.2 267.9 151.74 188.05 137.00 

Skewness (SE) 1.61 (0.56) 1.71 (0.29) 0.93 (0.54) 1.96 (0.52) 2.31 (0.40) 
Kurtosis (SE) 1.27 (1.09) 3.03 (0.58) -0.7 (1.04) 4.6 (1.01) 7.19 (0.79) 

Duration < tmin (MATLAB) 
Duration (yrs) 1 to 1 1 to 26 1 to 2 1 to 14 1 to 7 
Weibull k/SE 

 
1.38 (0.15) 

 
1.49 (0.35) 1.81 (0.47) 

Weibull λ/SE  9.40 (1.00) 5.74 (1.17) 3.95 (0.73) 
Duration ≥ tmin 

Duration (yrs) 2 to 101 27 to 75 3 to 37 15 to 56 8 to 60 
N-Tail/σ 12 (2.12) 16 (14.12) 15 (2.77) 7 (3.94) 24 (3.88) 

K-S Test for Power Law (MATLAB) 
alpha/σ 1.52 (0.40) 3.70 (1.03) 1.70 (0.83) 3.04 (0.87) 2.53 (0.50) 
Tmin/σ 2 (7.38) 27 (9.46) 3 (5.18) 15 (5.13) 8 (1.69) 

p 0.30 0.75 0.25 0.95 0.27 
gof-KS 0.16 0.11 0.15 0.12 0.12 

L -48.12 -58.47 -55.62 -24.17 -77.86 
Curve Fit for Power Law (SPSS) 

R2 (SE) 0.88 (0.30) 0.96 (0.18) 0.84 (0.34) 0.99 (0.09) 0.98 (0.16) 
F 52.82*** 216.29*** 57.25*** 357.68*** 391.43*** 

alpha (SE) -1.50 (0.07) -3.39 (0.16) -1.84 (0.11) -2.46 (0.08) -2.62 (0.08) 
t -7.27*** -14.71*** -7.57*** -18.91*** -19.79*** 

***Significant at 0.001 
 
 
 
 
 For the bipolar period from 1948-1989, the hypothesis that the survival function 

after tmin follows a power law model is confirmed for all regime classes (see table 3). A 

power law is the best fit to the data as compared to the Weibull, lognormal, and 

exponential distributions. Finally, the F-statistic for the power law curve fit is significant 

at the 0.001 level.  
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Table 3. Bipolarity (1948-1989) Power Law Results 
Regime Class 0 1 2 3 4 5 

Descriptive Statistics 
Total Cases 82 164 36 32 58 21 
Mean (SE) 5.54 (0.60) 10.96 (1.04) 5.43 (0.86) 6.06 (1.04) 6.67 (0.75) 10.35 (1.51) 

Std. Dev. 5.46 13.28 5.07 5.81 5.66 6.75 
Variance 29.86 176.40 25.72 33.8 32.08 45.61 

Skew. (SE) 2.85 (0.27) 3.95 (0.19) 1.51 (0.40) 2.17 (0.42) 1.31 (0.32) 0.55 (0.51) 
Kurt. (SE) 12.01 (0.53) 23.44 (0.38) 1.75 (0.78) 5.04 (0.82) 0.77 (0.62) -0.82 (0.99) 

Duration < tmin 
Duration (yrs) 1 to 8 1 to 23 1 to 9 1 to 2 1 to 8 1 to 11 
Weibull k/SE 1.64 (0.16) 1.44 (0.09) 1.58 (0.23) 

 
2.05 (0.25) 2.32 (0.51) 

Weibull λ/SE  4.16 (0.32) 7.97 (0.49) 3.73 (0.47) 4.02 (0.33) 5.76 (0.79) 
Duration ≥ tmin 

Duration (yrs) 9 to 101 24 to 113 10 to 20 3 to 27 9 to 22 12 to 25 
N-Tail/σ 13 (12.50) 19 (3.67) 9 (1.0) 23 (4.22) 16 (1.43) 10 (4.39) 

K-S Test for Power Law (MATLAB) 
alpha/σ 3.28 (0.75) 3.65 (0.66) 4.0 (0.69) 2.22 (0.47) 3.26 (0.57) 3.49 (1.24) 
Tmin/σ 9 (1.84) 24 (2.36) 10 (1.3) 3 (1.42) 9 (1.69) 12 (4.69) 

p 0.79 0.60 0.57 0.63 0.11 0.17 
gof-KS 0.08 0.12 0.21 0.08 0.19 0.22 

L -38.69 -71.23 -17.44 -61.67 -47.13 -28.46 
Curve Fit for Power Law (SPSS) 

R2 (SE) 0.99 (0.09) 0.97 (0.17) 0.86 (0.31) 0.97 (0.20) 0.81 (0.41) 0.93 (0.23) 
F 565.89*** 368.71*** 19.02** 234.18*** 33.31*** 54.89** 

alpha (SE) -2.95 (0.08) -2.97 (0.10) -3.32 (0.53) -2.40 (0.09) -3.42 (0.42) -4.05 (0.41) 
t -23.79*** -19.20*** -4.36** -15.30*** -5.77*** -7.41** 

***Significant at 0.001 **Significant at 0.05 
 

 

 For the current unipolar period from 1990 - 2010, the hypothesis that the survival 

function after tmin follows a power law model is confirmed for all regime classes (see 

table 4). A power law is the best fit to the data as compared to the Weibull, lognormal, 

and exponential distributions including for regime class 1. The results for the F-test for 

the power law are significant at the 0.001 and 0.01 levels (see table 4). In contrast to 

previous results, prior to tmin, the lognormal rather than the Weibull distribution provides 

the best fit to the data for regime classes 1 to 5. As with the other results, the values for 
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the shape parameter are less than 1 indicating a rising hazard force as regimes move 

closer to tmin. 

 
 
 

Table 4. Unipolarity (1990-2010) Power Law Results 
Regime Class 0 1 2 3 4 5 

Descriptive Statistics 
Total Cases 69 97 22 58 59 37 

Mean (SE) 
6.17 

(0.77) 10.24 (1.37) 5.09 (1.04) 4.27 (0.5) 7.27 (1.36) 10.58 (1.88) 
Std. Dev. 6.46 13.58 5.01 3.87 10.54 11.59 
Variance 41.77 184.41 25.08 14.99 111.15 134.36 

Skew. (SE) 
2.14 

(0.29) 3.45 (0.24) 1.56 (0.48) 2.67 (0.31) 5.78 (0.31) 3 (0.38) 

Kurt. (SE) 
4.76 

(0.57) 17.55 (0.48) 1.89 (0.94) 10.77 (0.61) 
39.45 
(0.61) 11.08 (0.75) 

Duration < tmin (MATLAB) 
Duration (yrs) 1 to 2 1 to 30 1 to 4 1 to 4 1 to 8 1 to 6 

lognormal σ 
(SE) 

 

 0.99 (0.07) 0.51 (0.11) 0.55 (0.06) 0.63 (0.07) 0.56 (0.10)  
lognormal µ 

(SE)  1.55 (0.10) 0.38 (0.15) 0.69 (0.09) 1.14  (0.10) 1.22 (0.14)  
Duration ≥ tmin 

Duration (yrs) 3 to 31 31 to 98 5 to 19 5 to 24 9 to 80 7 to 63 
N-Tail (σ) 49 (10.72) 7 (3.19) 10 (5.06) 19 (9.23) 16 (10.21) 20 (6.21) 

K-S Test for Power Law (MATLAB) 

alpha(σ) 
2.11 

(0.45) 4.13 (0.80) 2.86 (0.84) 3.11 (0.71) 3.23 (0.77) 2.45 (0.42) 
Tmin (σ) 3 (2.06) 31 (2.24) 5 (1.84) 5 (1.43) 9 (2.25) 7 (2.02) 

p 0.36 0.41 0.38 0.53 0.56 0.60 
gof-KS 0.07 0.25 0.14 0.09 0.10 0.09 

L -136.86 -25.18 -26.81 -47.20 -47.47 -67.15 
Curve Fit for Power Law (SPSS) 

R2 (SE) 
0.94 

(0.27) 0.88 (0.27) 0.93 (0.23) 0.97 (0.19) 0.81 (0.43) 0.99 (0.09) 
F 230.81*** 29.69** 64.82*** 196.55*** 30.38*** 1187.2*** 

alpha (SE) 
-2.51 
(0.10) -2.59 (0.29) -2.51 (0.19) -3.03 (0.15) -2.29 (0.23) -2.38 (0.04) 

t -15.19*** -5.45** -8.05*** -14.02*** -5.51*** -34.46*** 
*** Significant at 0.001 level ** Significant at 0.01 level 
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 In summary, the findings for regimes grouped by classes from 1900-2010 are 

similar to those when the dataset is broken down according to historical period (see table 

5). A comparison of these four analyses finds consistency in two key areas. First, the 

extreme longevity of regimes in class 1 prior to tmin is found in all three historical 

periods. Second, with the exception of regime class 1, the values of tmin are clustered in 

a range from approximately 5 to 10 years. Sanhueza (1999) also finds that 5 years is the 

time when the hazard force stops rising. Finally, when comparing the values of alpha, 

with a few outliers, the values are between 2.0 and 3.5. 

 

 

Table 5. Summary of Results for Tmin and Power Law Shape Parameters 
 1900-

2010 
1900-
1947 

1948-
1989 

1990-
2010 

 1900-
2010 

1900-
1947 

1948-
1989 

1990-
2010 

 Alpha Tmin 
RC0 2.5 1.5 3.3 2.1 8 2 9 3 
RC1 3.8 3.7 3.7 4.1 27 27 24 31 
RC2 2.4 1.7 4.0 2.9 6 3 10 5 
RC3 2.9 3.0 2.2 3.1 9 15 3 5 
RC4 3.0 2.5 3.3 3.2 10 8 9 9 
RC5 2.8 3.5 2.5 10 12 7 
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6. REGIONAL SECURITY COMPLEX REGIME DURATION RESULTS 
 
 
 

 For each of the nine regional security complexes (RSC) the hypothesis that the 

survival function follows a power law after tmin is confirmed with the exception of the 

Middle East (see table 6). While the Middle East fails the K-S hypothesis test, the power 

law provides the best fit to the data as compared to the Weibull, logarithmic and 

exponential models and the F-test statistic is significant at the 0.001 level. 

 The general form of the hazard force for all complexes is found to conform to the 

hypothesis (see table 6). For all regime classes, for regime durations less than tmin the 

shape parameter k for the Weibull distribution is greater than 1 indicating an initial 

increase in hazard force. The Middle East experiences the highest rate of increase in 

hazard force prior to tmin. Europe has the lowest rate of increase in hazard force. Thus, as 

a group, states in the Middle East have historically experienced a relatively short period 

of time following a previous regime change where the pressure for additional change 

actually increases. The opposite is true for Europe. 

 After tmin, the hazard force decreases non-linearly according to the underlying 

power law survival function. Europe and the Middle East represent the extremes in terms 

of hazard force after tmin. The hazard force on European states rapidly decreases while 

the hazard force on states in the Middle East remains relatively higher for a longer period 

of time. This reflects the different distribution of regime types in these two regions. The 
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Middle East has the highest percentage of regime changes from class 1. Europe, in 

contrast, has the highest percentage of cases in regime classes 4 and 5 (see table 7). 
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 Table 6. Regional Security Complex (1900-2010) Power Law Analysis Results 

RSC 
North 
Am. Europe 

Middle 
East Asia 

RU 
Cent. 
Asia 

Sthrn 
Africa 

West 
Africa 

East 
Africa 

South 
Am. 

Descriptive Statistics 
N 111 112 98 133 79 59 128 60 110 

Mean 
(SE) 

10.83 
(1.25) 

12.75 
(1.29) 

10.39 
(1.34) 

8.03 
(1.18) 

6.08 
(0.80) 

7.75 
(1.46) 

7.41 
(1.46) 

8.2 
(1.38) 

9.9 
(1.06) 

Std. Dev. 13.22 13.69 13.30 13.55 7.12 11.25 8.58 10.67 11.07 
Variance 174.87 187.52 176.78 183.55 50.69 126.47 73.65 113.80 122.51 

Skew. 
(SE) 

2.53 
(0.30) 

1.66 
(0.23) 

5.07 
(0.24) 

5.09 
(0.21) 

3.11 
(0.27) 

4.88 
(0.31) 

3.94 
(0.21) 

4.57 
(0.31) 

2.92 
(0.23) 

Kurt. 
(SE) 

7.37 
(0.46) 

2.46 
(0.45) 

36.33 
(0.48) 

30.95 
(0.42) 

12.09 
(0.54) 

29.80 
(0.61) 

23.72 
(0.43) 

26.40 
(0.61) 

11.98 
(0.46) 

Duration < tmin (MATLAB) 
Duration 

(yrs) 1 to 8 1 to 28 1 to 4 1 to 11 1 to 6 1 to 9 
 

1 to 10 
 

1 to 8 
 

1 to 14 
Weibull 

k  
(SE) 

2.00 
(0.19) 

1.21 
(0.10) 

2.64 
(0.39) 

1.46 
(0.11) 

1.53 
(0.16) 

1.82 
(0.22) 

 
1.77 

(0.14) 

 
2.31 

(0.28) 

 
1.57 

(0.14) 
Weibull 

λ 
(SE)  

4.24 
(0.27) 

8.39 
(0.75) 

2.88 
(0.21) 

4.58 
(0.31) 

3.52 
(0.32) 

4.01 
(0.36) 

4.66 
(0.28) 

 
4.42 

(0.32) 

 
5.96 

(0.43) 
Duration ≥ tmin 

Duration 
(yrs) 

9 to  
71 

29 to 
63 

5 to  
113 

12 to 
101 

7 to  
43 

10 to 
80 

11 to 
75 

9 to  
74 

15 to 
74 

N-Tail 
(σ) 

42 
(22.20) 

17 
(26.95) 

67 
(16.18) 

22 
(22.27) 

26 
(8.22) 

16 
(11.48) 

28 
(25.69) 

19 
(14.10) 

25 
(17.36) 

K-S Test for Power Law (MATLAB) 
alpha 

(σ) 
2.27 

(0.45) 
4.22 

(1.23) 
2.16 

(0.42) 
2.54 

(0.40) 
2.93 

(0.48) 
2.98 

(0.73) 
3.06 

(0.62) 
2.88 

(0.67) 
3.18 

(0.62) 
Tmin 

(σ) 
9 

(4.52) 
29 

(11.06) 
5 

(3.07) 
12 

(2.83) 
7 

(1.26) 
10 

(3.14) 
11 

(3.43) 
9 

(2.91) 
15 

(4.07) 
p 0.29 0.56 0.02 0.52 0.73 0.94 0.67 0.91 0.34 

gof-KS 0.08 0.11 0.10 0.08 0.07 0.07 0.07 0.06 0.10 
L -154.98 -59.37 -216.43 -80.67 -71.30 -49.29 -87.23 -57.85 -83.89 

Curve Fit for Power Law (SPSS) 

R2 (SE) 
0.96 

(0.15) 
0.96 

(0.18) 
0.92 

(0.31) 
0.97 

(0.17) 
0.98 

(0.15) 
0.92 

(0.25) 
0.96 

(0.21) 
0.96 

(0.19) 
0.98 

(0.15) 
F*** 639.46 226.69 269.30 415.69 431.72 107.25 294.64 218.28 542.08 
alpha 
(SE) 

-2.47 
(0.06) 

-4.28 
(0.22) 

-2.51 
(0.09) 

-2.33 
(0.065) 

-2.65 
(0.08) 

-2.39 
(0.14) 

-2.93 
(0.11) 

-2.432 
(0.10) 

-2.98 
(0.09) 

t*** -25.29 -15.06 -16.41 -20.39 -20.78 -10.36 -17.17 -14.77 -23.28  
*** All Results Significant at 0.001 level 
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The distribution of regime classes across the RSC’s exhibits some consistencies 

(see table 7). The most prevalent regime class for all RSC’s with the exception of West 

Africa is RC1. The least prevalent regime class for all RSC’s with the exception of the 

Middle East and Europe is RC5. For these two RSC’s the least prevalent regime class is 

RC3. Of note, RC1 and RC5 are also the outlier regime classes for the initial rate of 

hazard force. Thus, for each RSC, Europe and the Middle East excluded, the most 

prevalent regime class is the one with the lowest rate of initial hazard force (RC1) and the 

least prevalent regime class is the one with the highest rate of initial hazard force (RC5). 

 
 
 

Table 7. Distribution of Regime Class for Regional Security Complexes (1900-2010) 
Regime Class 0 1 2 3 4 5 

West Africa 41.4** 29.7 4.7 9.4 10.9 3.9* 
East Africa 33.3** 33.3** 1.7 5.0 25.0 1.7* 

North America 20.7 33.3** 4.5* 18.9 15.3 7.2* 
Asia 18.8 36.1** 9.0 16.5 13.5 6.0* 

South America 16.4 28.2** 12.7 11.8 21.8 9.1* 
Southern Africa 13.6 30.5** 13.6 16.9 15.3 10.2* 

Middle East 10.2 64.3** 10.2 3.1* 6.1 6.1 
West Europe 7.1* 31.3** 11.6 7.1* 25.9 17.0 

RU Cent. Asia 3.8* 48.1** 8.9 21.5 13.9 3.8* 
**Most Prevalent Regime Class     *Least Prevalent Regime Class 

 
  
 
 
 Looking at the regime class analysis for each region, the results support the 

hypothesis that a power law distribution describes the survival function past tmin (see 

table 8). While there are a few exceptions that fail the K-S hypothesis test, Europe for 

autocratic regimes, and Russia-Central Asia for democratic regimes, the results are 

generally consistent with those found at the global level for all regime classes.  
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Table 8. Power Law Results for RSC Regime Classes 
 SSA WestH EUR Mid-East Asia RU-CA 

Class 0 0 0 to 1 0 0 0 to 1 
Alpha (SE) 2.14 (0.67) 2.08 (0.36) 4.94 (1.48) 3.7 (1.07) 2.39 (0.73) 2.38 (0.45) 
Tmin (SE) 3 (2.25) 6 (2.22) 29 (12.00) 8 (2.6) 3 (0.66) 5 (1.14) 

L -164.59 -60.38 -38.79 -12.01 -39.85 -64.23 
p 0.02 0.78 0.09 0.89 0.78 0.95 

gof 0.1 0.08 0.23 0.14 0.08 0.06 
Class 1 1 NA  1 1 NA  

Alpha (SE) 2.55 (0.47) 2.18 (0.74) 
  
  
  
  
  

2.43 (0.40) 2.3 (0.40) 
  
  
  
  
  

Tmin (SE) 10 (2.92) 7 (6.18) 9 (2.67) 9 (2.27) 
L -103.78 -149.30 -101.03 -58.46 
p 0.33 0.36 0.15 0.86 

gof 0.09 0.08 0.11 0.08 
Class 2 2 2 2 2 2 to 3 

Alpha (SE) 1.81 (0.79) 2.19 (0.57) 1.5 (0.80) 1.94 (0.70) 2.15 (1.06) 1.7 (1.10) 
Tmin (SE) 2 (2.12) 5 (1.82) 1 (5.20) 2 (0.90) 2 (1.71) 1 (2.29) 

L -34.95 -38.22 -41.47 -23.29 -19.90 -56.36 
p 0.20 0.362 0.24 0.47 0.18 0.08 

gof 0.16 0.13 0.18 0.15 0.17 0.13 
Class 3 3 3 3 to 5 3 NA  

Alpha (SE) 3.12 (0.79) 3.12 (0.82) 2.94 (1.13) 2.33 (0.68) 1.97 (0.79) 
  
  
  
  
  

Tmin (SE) 3 (0.81) 13 (4.18) 5 (1.75) 4 (0.70) 2 (2.16) 
L -28.83 -32.50 -11.89 -40.99 -50.40 
p 0.30 0.94 0.92 0.56 0.39 

gof 0.12 0.09 0.13 0.12 0.11 
Class 4 4 4 NA  4 4 to 5 

Alpha (SE) 2.38 (0.58) 3.41 (0.99) 2.87 (0.83)   
  
  
  
  

3.58 (1.19) 3.34 (0.97) 
Tmin (SE) 4 (1.69) 9 (3.43) 11 (4.18) 9 (3.81) 6 (1.64) 

L -66.84 -40.20 -45.67 -20.69 -18.39 
p 0.88 0.80 0.05 0.36 0.57 

gof 0.06 0.10 0.19 0.18 0.15 
Class 5 5 5  NA 5 NA  

Alpha (SE) 2.39 (1.08) 1.94 (1.07) 2.46 (0.80) 
  
  
  
  
  

3.86 (1.34) 
  
  
  
  
  

Tmin (SE) 4 (2.43) 4 (5.23) 7 (1.97) 12 (5.06) 
L -29.34 -50.90 -41.33 -10.98 
p 0.32 0.14 0.57 0.99 

gof 0.16 0.17 0.12 0.14 
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8. REGIME CHANGE MAGNITUDE RESULTS 
 
 
 

Power law distributions of the magnitude of events indicate a self-organized 

critical system (Bak and Paczuski 1995). The following analysis tests the general 

hypothesis that the magnitude of change to regime characteristics is the result of SOC 

dynamics. The first section analyzes the relative magnitude of change, as indicated by a 

change between autocratic and democratic characteristics, from the starting regime class 

to the ending regime class. The second method measures magnitude in terms of the total 

number of variables that changed regardless of whether they shifted from their current 

autocratic or democratic classification. 

 

Relative Magnitude Change Results: 

 

 The hypothesis that a power law describes the probability of observing a regime 

change greater than or equal to a given magnitude is confirmed for regime classes 0, 1 

and 5 (see table 9). This finding is also confirmed when examining regime change 

magnitudes both before and after tmin (see table 10). In all cases, the F-test statistic is 

significant at the 0.05 and 0.01 levels (see tables 9-10). Note that RC0 and RC1 are the 

most autocratic regime classes and RC5 is the most democratic. These three regime 

classes have highly consolidated institutional characteristics. A key difference between 
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autocratic and democratic regimes found here is in the relative difference in the shape 

parameter, alpha, of the power law before and after tmin. Prior to tmin, the values for 

alpha for classes 0, 1 and 5 are 1.02, 1.62 and 1.51 respectively. After tmin, alpha for 

RC0 and RC1 increases to 2.08 and 2.02 respectively while for RC5 alpha decreases to 

1.17. Thus, larger changes are more likely after tmin in regimes with all democratic 

characteristics than in autocratic regimes. Prior to tmin, the differences between these 

regime classes are less distinct. The mixed regimes, RC’s 2, 3 and 4 fail the hypothesis 

test for SOC based on magnitude changes both before and after tmin. 

  
 
 

Table 9. Power Law Results for Regime Change Magnitude 
  Class 0 Class 1 Class 2 Class 3 Class 4 Class 5 
Model 
(best fit) Power Power Exp Linear Logarithmic Power 
R2 
(SE) 

0.97 
(0.14) 

0.99 
(0.12) 0.95 (0.28) 0.99 (0.02) 0.96 (0.09) 0.99 (0.11) 

F (Sig) 75.85* 204.54** 41.35* 910.22** 44.24* 158.91** 
Shape 
(SE) 

-1.17 
(0.14) 

-1.69 
(0.12) -0.79 (0.12) -0.28 (0.01) -0.55 (0.08) -1.36 (0.11) 

t (Sig) -8.71* -14.30** -6.43* -30.17** -6.65* -12.61** 
***Significant at 0.001 **Significant at 0.01 *Significant at 0.05 
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Table 10. Power Law Results for Regime Change Magnitude Before/After Tmin 
  Class 0 Class 1 Class 2 Class 3 Class 4 Class 5 

T < tmin 
Model 
(best fit) Power Power Linear Linear Logarithmic Power 
R2 
(SE) 

0.97 
(0.14) 

0.99 
(0.11) 

0.96  
(0.11) 

0.99  
(0.017) 

0.97  
(0.06) 

0.98  
(0.15) 

F (Sig) 58.59* 242.62** 46.01* 1496.33*** 95.74** 108.98** 
Shape 
(SE) 

-1.02 
(0.13) 

-1.66 
(0.11) 

-0.32  
(0.05) 

-0.29  
(0.01) 

-0.50  
(0.05) 

-1.51  
(0.14) 

t (Sig) -7.65* -15.58** -6.78* -38.68*** -9.79** -10.44** 
T >= tmin 

Model 
(best fit) Power Power Logarithmic Linear Logarithmic Power 
R2 
(SE) 

0.99 
(0.14) 

0.97 
(0.26) 

0.93  
(0.14) 

0.99  
(0.04) 

0.95  
(0.10) 

0.99  
(0.08) 

F (Sig) 257.89** 67.86* 26.84* 201.67** 54.99** 214.22** 
Shape 
(SE) 

-2.08 
(0.13) 

-2.03 
(0.25) 

-0.68  
(0.13) 

-0.26  
(0.018) 

-0.60  
(0.081) 

-1.17  
(0.08) 

t (Sig) -16.06** -8.24* -5.18* -14.20** -7.42** -14.64** 
***Significant at 0.001 **Significant at 0.01 *Significant at 0.05 

 

 

 There are several key findings concerning the difference between regime change 

magnitudes for durations before and after tmin. First, in RC’s 0, 1, 2 the findings support 

the hypothesis that smaller magnitude changes are more likely in the power law region. 

Also of interest is that for RC’s 0 and 1 there are no cases of a transition to full 

democracy, regime class 5, after tmin. Thus, while the transition probabilities are low, 

regime transitions from autocratic or mixed autocratic regimes to full democracy appear 

to be possible only within the time period prior to tmin. After this period, an intermediate 

transition is required. 

 Second, for regime classes 3, 4 and 5 the comparison is more complex and does 

not fully support the hypothesis that smaller changes are more likely after tmin. In regime 

class 3 autocratic changes of any magnitude are more likely in the power law region. 
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Large transitions from regime class 5 are more likely after tmin in contradiction of the 

hypothesis. In regime class 4 the transition to regime class 5, all democratic 

characteristics is more likely after tmin. 

 Third, the method of comparing kurtosis values supports the hypothesis that non-

equilibrium processes are at work in the most autocratic and democratic regime classes 

driving the magnitude of change (see Baumgartner et al 2009). Before and after tmin the 

kurtosis values for RC0, RC1, and RC5 are high, as expected from the power law 

findings (see figure 5). However, there is little difference between these values before 

and after tmin. This indicates that SOC applies to these regime classes independent of the 

duration of a set of regime characteristics. 

 
 
 

 
Figure 5. Kurtosis Values Before/After Tmin for RC Changes: Relative Change 
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A fourth finding is that for five of six regime classes, the transition to RC6 is 

highest after tmin (see figure 6). The exception to this is RC3 where the difference is very 

small, less than 1%, but greater in the period prior to tmin. After regime durations 

between 35 and 40 years, however, this extreme transition is no longer observed and 

small changes dominate. Thus, one conclusion that can be drawn is that regime collapse 

is a potential condition that lingers beyond tmin as a consequence of government capacity 

sufficient to resist most challenges, but insufficient to resolve them through more stable 

processes. 

 

 

 
Figure 6. Transition Probabilities to RC6 Before/After Tmin: Relative Change 
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Total Number of Changes Results: 
 
 
 
 
 The next section outlines the results when magnitude is measured as the total 

number of characteristics to change. The results are similar to those in the previous 

section with notable exceptions. First, only the most democratic regime classes, RC4 and 

RC5 satisfy the SOC hypothesis test (see table 11). With the exception of RC3, an 

exponential model is the best fit for the most autocratic regime classes. 

 

 
Table 11. Power Law Results: Total Number of Changes 

  Class 0 Class 1 Class 2 Class 3 Class 4 Class 5 
Model 
(best fit) Exp. Exp Exp Log. Power Power 
R2 
(SE) 

0.99 
(0.04) 

0.97 
(0.21) 0.99 (0.11) 0.98 (0.06) 0.99 (0.08) 0.90 (0.41) 

F (Sig) 1026.5*** 102.85** 474.11*** 148.07*** 212.30*** 25.65* 
Shape 
(SE) 

-0.42 
(0.01) 

-0.67 
(0.07) -0.72 (0.03) -0.54 (0.05) -1.95 (0.07) -2.61 (0.32) 

t (Sig) -32.04*** -10.14** -21.77*** -12.17*** -6.65*** -5.06* 
***Significant at 0.001 **Significant at 0.01 *Significant at 0.05 

 
 
 
 

 When evaluating the regime classes before and after tmin, the SOC hypothesis 

holds for RC1, RC4 and RC5 prior to tmin, and RC3, RC4 and RC5 after tmin. The broad 

conclusion is that democratic regime classes display SOC behavior after tmin while more 

autocratic regimes do not (see table 12). This contradicts the findings using the relative 

change measure of magnitude and illustrates the importance of determining the best 
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method for assigning regime change magnitudes. What is consistent across both methods 

is that the most democratic regimes display SOC behavior. 

 

 
Table 12. Power Law Results: Total Number of Changes Before/After Tmin 

  Class 0 Class 1 Class 2 Class 3 Class 4 Class 5 
T < tmin 

Model 
(best fit) Log. Power Log. Log. Power Power 
R2 
(SE) 

0.99 
(0.02) 

0.99 
(0.07) 1.00 (0.01) 0.99 (0.04) 0.99 (0.03) 0.91 (0.32) 

F (Sig) 899.26*** 385.59** 11954*** 236.16** 706.74*** 20.16* 
Shape 
(SE) 

-0.48 
(0.02) 

-2.23 
(0.06) -0.32 (0.01) -0.51 (0.03) -1.74 (0.03) -2.39 (0.31) 

t (Sig) -29.99*** -19.64** -109.34*** -15.37** -26.59*** -4.50* 
T >= tmin 

Model 
(best fit) Expon. Expon. Log. Power Power Power 
R2 
(SE) 

0.99 
(0.05) 

0.99 
(0.07) 0.99 (0.05) 0.99 (0.02) 0.99 (0.08) 0.96 (0.17) 

F (Sig) 1342.8*** 561.71** 201.42** 1057.16*** 327.24** 46.05* 
Shape 
(SE) 

-0.76 
(0.02) 

-0.70 
(0.03) -0.67 (0.05) -1.65 (0.02) -2.31 (0.07) -2.11 (0.16) 

t (Sig) -36.64*** -23.70** -14.19** -32.51*** -18.09** -6.79* 
***Significant at 0.001 **Significant at 0.01 *Significant at 0.05 

 
 
 
 
 Four of six regime classes have kurtosis values after tmin are larger than those 

before tmin (see figure 7). This indicates that after the transition to phase 2 where the 

survival function follows a power law model, the regime change magnitudes also move 

further away from a normal distribution, an indicator of non-equilibrium dynamics. 

Regime classes 1 and 5 that do not conform to this finding also have power law behavior 

prior to tmin.  
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Figure 7. Kurtosis Values Before/After Tmin for RC Changes: Number of Changes 
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Figure 8. Transition Probabilities to RC6 Before/After Tmin: Number of Changes
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9. CONCLUSIONS 
 
 
 
 The principle finding is that the hazard force on regimes to change their 

characteristics follows a three-phase non-monotonic form for all regime types. The first 

phase is defined by increasing pressure to change indicating underlying instability at the 

system level. This is followed by a longer period of non-linear decreasing pressure that 

levels off at a minimum value for a brief period of time before rapidly rising again. This 

confirms the general findings of Sanhueza (1999) that regimes of all types face rising 

hazard force for the first five years of their existence after which the hazard force 

decreases. This indicates a transition in the second phase to self-reinforcing and 

stabilizing dynamics followed by another transition to instability in the third phase. A 

power law model fits the survival function of the second phase, giving rise to the 

particular form of the hazard force during this period. The power law hypothesis is 

confirmed when looking at all cases from 1900-2010, the three historical periods from 

1900-1947, 1948-1989 and 1990-2010 individually, and cases geographically grouped 

according to regional security complex. 

 These findings offer a unique perspective on the system level dynamics driving 

changes to the formal rules governing political participation and competition. Changes to 

these rules force political actors to reassess their strategies for leveraging the political 

system to acquire desired resources. The switch to direct elections, for example, changes 
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how elites must compete for power and access to resources. It also drives these actors to 

reassess the network of relationships that they relied on under the prior rules. While the 

literature on authoritarian regimes indicates that these elite networks may survive a 

transition to new regime characteristics, it is inconceivable that these changes do not 

drive cascading second order effects that force elites to reconsider their survival 

strategies. These reactions may lead to minor adjustments or drive some groups to 

consider more extreme responses. However, due to actor interdependence, these actions 

have consequences for the stability of the entire system. 

 After the initial readjustment period following a change to regime characteristics, 

the relationships, informal rules, and strategies of political actors become more regular. 

Everyone knows where they stand, what they need to do to pursue their goals, the limits 

of government capacity under the current rules and the costs of challenging the status 

quo. This transition has been called ‘lock-in’ in the literature on punctuated equilibrium 

(Howlett and Rayner 2006; Cioffi-Revilla 1998a). Political actors become more 

interdependent in the sense that individual decisions and actions are increasingly 

influenced by one another within the context of the new rules. Further, this 

interdependence reinforces the persistence of a particular set of rules. 

Gersick (1991) offers one perspective on the system dynamics that drive  

punctuated equilibrium patterns of stability and change in the institutional setting. Actors 

may not want to give up current benefits of the status quo or risk losing in the future. 

Tushman and Romanelli (1985, 177), cited in Gersick (1991), argue that the “networks of 

interdependent resource relationships and value commitments” generated by social 
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structures are actually an impediment to change. Finally, stability of a system’s structure 

makes the pursuit of goals more effective for many individuals and organizations, thus 

there is logic to supporting its persistence. Importantly, “organizations that maintain 

equilibrium should become more and more thoroughly adapted to carry out their 

missions. By sticking to a course, a system can become skilled at what it does (Gersick 

1991, 19).” Thus, increasing government capacity to control political activity has a direct 

effect on the durability of regime characteristics. 

However, if regime characteristics survive through this second phase they enter 

again into a final period of unstable dynamics. Again, Gersick (1991) offers a theory as to 

what causes this transition. He argues that internal and environmental changes that upset 

system operation and resource flows can end a period of stability. Additionally, flaws in 

the structure of a social system or outliving a structure’s usefulness or appropriateness 

can create natural inconsistencies that increasingly demand solutions, primarily from 

those outside the status quo (Gersick 1991). Efforts to correct the system within the 

bounds of the current structure may simply compound existing inefficiencies. Thus, in a 

punctuated equilibrium system the interdependence of system components, in this case, 

individuals, groups and institutions leads to stabilizing feedback, but under certain 

circumstances can also drive rapid system transition toward a new structure. 

While a defense of functionalism is not the intent of this thesis, the system 

dynamics Gersick describes fit well with the quantitative results of this analysis and the 

claims of complexity theory concerning emergent social behavior. Put in terms of 

political development, the combination of rules for political activity that emerge from 
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elite decision-making may be ill suited for the challenges faced by the state. Instead, they 

fulfill the logic of group survival and other self-interested goals from the perceptions of 

those actors. Stability and change in regime characteristics are therefore, not evidence of 

political development in the direction of system optimization from a broad societal 

perspective. Rather, this punctuated equilibrium phenomenon is the result of a constant 

contest for control over political resources that over time may demand more inclusive or 

less inclusive rules depending on the perception of elites as to what serves their interests 

and what maintains their power base in society. 

 The second finding of interest is that the magnitude of change in regime 

characteristics both before and after tmin follows a power law model for only the most 

autocratic and democratic regimes when relative change is analyzed. This indicates that 

regime change dynamics are the result of SOC in regimes with consistent institutions but 

not in regimes with a high combination of democratic and autocratic institutions. When 

the magnitude of change is defined as the total number of characteristics that are altered, 

only the more democratic regimes (RC3-RC5) display SOC. 

 These findings offer evidence for the argument put forth by Gates et al (2006) that 

highly autocratic and highly democratic regimes create self-reinforcing effects due to 

their institutional consistency that lead to longer durations of regime characteristics. The 

durability hypothesis was not tested here. However, the SOC findings indicate that the 

authors’ hypothesis of institutional interdependence may be valid. Further, the political 

stability and development challenges associated with mixed regimes may arise in part 

because these polities do not have a combination of political institutions that encourage 
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gradual change. The distribution of magnitude changes for mixed regimes is closer to 

normal even during the time period where regime durations indicate complex behavior. 

Thus, the outcomes of contests over regime characteristics are more likely to result in 

greater change. The impact of large changes to regime characteristics on future stability 

dynamics is an area open for further research. 

 The third finding of interest is that by grouping regimes by regional security 

complex, the core hypotheses concerning power law distributed regime changes and 

hazard forces stands with the exception of the Middle East. While this analysis does not 

differentiate between regime classes in each region it does suggest that each region is in 

effect a scaled version of the global system at least with respect to regime change 

statistics. However, this hypothesis requires more data analysis to confirm. 

 Another issue raised in this thesis is that of the stability of fully democratic 

regimes. As pointed out earlier, in 2010, 15 democratic states have exceeded the 

maximum observed duration for the cases in RC5. One conclusion that can be drawn is 

that while highly democratic regimes may experience high hazard force after tmin, if they 

survive beyond the maximum observed duration, they do so for the long term. This may 

be evidence that particular combinations of conditions, economic development, for 

example, can prolong the period of stable system dynamics indefinitely. 

 In conclusion, these findings provide an empirical description of how pressure to 

change regime characteristics develops over time and the consequences for the type of 

change that occurs. The thesis integrates a diverse collection of literature from 

complexity theory and social science that suggest the underlying causes of the system 
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dynamics found in this empirical analysis. However, this is an incomplete picture of this 

phenomenon because there is little research that explicitly links the processes observed in 

actual cases of regime change to the empirical results found here. Questions such as 

exactly how does interdependence develop? How do we identify interdependence in the 

real world? Is there a set of variables that can indicate when a particular political system 

transitions from one phase to another? What methods are most appropriate for answering 

these questions? With respect to this last question, it is likely that there needs to be an 

emphasis on qualitative methods that investigate event histories, social network 

development and narrative accounts of regime change among others. These approaches 

may offer the best opportunity to identify the processes, actors and relationships that 

drive complex behavior. Thus, this analysis is only a starting point for further research 

into the social forces that drive political stability and change.  
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