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Abstract 

Under what conditions can independent actors have lasting effects on ongoing conflict processes?  

We attempt to answer this question by introducing the concept of independent political violence, 

theorizing the mechanism by which it can affect ongoing conflicts, and describing the conditions 

under which it can do so. We empirically assess this argument by focusing on a least likely case: 

the relationship between a single act of independent political violence and ongoing Arab-Israeli 

violence in Jerusalem.  We introduce uniquely rich data from two high-quality sources: the Israeli 

Police and the United Nations’ OCHA. We detect the long-term impact of the independent murder 

of a Palestinian child by using Fast Fourier Transform (FFT), Bayesian Poisson Change Point 

Analysis and Transfer Entropy methods. Our analysis indicates that independent political violence 

had a durable and noticeable impact on patterns of urban violence in Jerusalem. Our work has 

several important implications and raises questions to be addressed by further research.  
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1. Introduction  

The Kishinev Pogrom of 1903, in which dozens of Russian Jews were killed by other 

civilians, was sparked by the murder of a Ukrainian boy and the ensuing media coverage of the 

event. The assassination of Martin Luther King in April 1968 led to the Holy Week Uprising, a 

wave of riots throughout the United States. In 1948, the assassination of Mahatma Gandhi by a 

Hindu nationalist sparked anti-Brahmin riots in the short term and fed anti-Muslim policies in the 

long run. In 2011, upset over the killing of his friend by the police, Marcus Knox-Hooke 

committed several acts of violence that kindled riots throughout England over race- and class-

relations. 

These seemingly disparate events have some elements in common. They were initiated 

by politically motivated individuals acting on their own (or with a small, informal group of 

associates) but nonetheless had important effects on broader political conflicts. Under what 

conditions can such events have these impacts? The voluminous literature on political violence 

mostly overlooks independent, organizationally unaffiliated actors, focusing instead on formally 

or even informally organized actors such as states, organized non-state actors, and social 

movements (Bakke 2015; DeMeritt 2015; Eck and Hultman 2007; Fariss 2014; Getmansky and 

Zeitzoff 2014; Hill and Jones 2014; Phillips 2015; Ritter and Conrad 2016; Rozenas and Zhukov 

2019). Other research focuses on lone-wolf violence: assassinations or terrorist acts committed 

by individuals. This literature concentrates on the individual-level attributes of these actors, such 

as their backgrounds, psychology, ideology, identity, choice of weapon or the mode of operation 

as well as case-specific explanations of high-profile attacks, but generally does not analyze the 

effects these acts have on the broader conflicts. As a field, we lack both theory and evidence to 
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evaluate how -- and under what conditions -- violence committed by individual actors may shape 

patterns of violence in ongoing conflict.   

In this paper, we introduce and evaluate the concept of independent political violence, 

which we define as politically motivated violence committed by an actor who is not affiliated 

with nor controlled by an organized armed group. It is important to stress that we do not use the 

term independence in statistical or causal inference terms, but simply as a lack of organizational 

capacity or affiliation. This definition is not specific to a given tactic or form of violence; 

independent political violence can take many forms, including assassination, riot, terrorism, and 

vigilantism. Independent political violence may be relatively rare as compared with organized 

political violence, but as the examples above suggest it can have important and lasting impacts. 

We therefore develop a novel theory that explains the mechanism by which independent political 

violence can have a lasting effect on contentious politics and the scope conditions under which 

this mechanism can be expected to work.   

To empirically assess this theory, we examine the effects of the murder of a Palestinian 

teenager, Muhammed Abu Khdeir, by three Israeli Jewish civilians in July 2014. This attack was 

conceived as a private revenge for the previous kidnapping and killing of three Israeli teenagers 

in the West Bank by a Hamas cell earlier that month. The Jewish murderers randomly chose and 

kidnapped Abu Khdeir from a street in his neighborhood, tortured him in a forest on the outskirts 

of Jerusalem and then burned him alive.  

We analyze the effects of this act of independent political violence on broader patterns of 

ongoing contention in Jerusalem. Urban protests and an often deadly violence between the Arab-

Palestinian population and the Israeli state are an ever-present feature of political and social 

relations in the city. In a long-term conflict with many violent events, it is ex ante unlikely that a 
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single such event, let alone one without mass casualties would have long-lasting impact on the 

pattern of events that follow it. Thus, the Abu Khdeir murder constitutes a least likely case 

(Eckstein 1975; Gerring 2007) in which the deck is stacked against our ability to detect the 

effects of a single violent act. Using highly detailed and previously unexamined Israeli Police 

data on violent events, their victims and alleged perpetrators in Jerusalem in 2013-2015, we test 

the extent to which independent political violence has shifted the dynamics of violence in the 

Eastern, predominantly Muslim Arab part of the city. We supplement our analysis of police 

events data with an additional examination of data collected by the UN Office for the 

Coordination of Humanitarian Affairs (OCHA) that performs its own independent tracking on 

violence in the region. Using a combination of Fast Fourier Transform (FFT), Bayesian Poisson 

Change Point Analysis, and Transfer Entropy methods we find that the murder of Abu Khdeir 

changed the well-established and highly structured patterns of violence in the city and that this 

impact was long-term, durable, and noticeable long after other events, such as the 2014 Gaza 

War or the Al-Aqsa clashes of September 2015 overtook the news cycles and shifted the popular 

attention away from the murder.  

 This paper makes several contributions. First, we introduce the concept of independent 

political violence, allowing the field to incorporate actors outside of traditional frameworks into 

our understanding of conflict processes. Second, we provide a novel theory that specifies the 

mechanism and conditions under which private political violence can affect ongoing conflict 

processes. Third, we empirically assess this theory using previously unexamined, detailed event 

data from the ongoing Israeli-Palestinian conflict. While each conflict is in many ways unique, 

conflict dynamics also share similarities across cases, and the Israeli-Palestinian violence is often 

used by scholars to study general patters of mobilization and repression (e.g., Dugan and 
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Chenoweth 2012; Khawaja 1993). Importantly, Israeli domestic, civilian legislation is used to 

deal with protest events and violence in Jerusalem, contrary to the West Bank, where much 

harsher, arbitrary and less transparent military judicial system is in place.  

Finally, by utilizing FFT and Transfer Entropy, we push the envelope of violence 

analysis toolkit. Political violence is a dynamic, complex and often non-linear social process, and 

therefore standard analytical tools and methods have important limitations (Bohorquez et al. 

2009; Helbing et al. 2015; Johnson 2008). The application of FFT and Transfer Entropy—

techniques that are commonly used in physics, neuroscience and engineering but rarely in social 

science research—improve our understanding of political violence and open new venues in 

analyzing structured, cyclical dynamics of contention.  

 The paper is structured as follows. Section 2 briefly discusses the role of actors in 

the political violence literature, focusing on what we know and do not know about political 

violence committed outside of organized frameworks. Section 3 provides our theory of 

independent political violence. Section 4 provides a historical overview of patterns of violence in 

Jerusalem with a special focus on the Abu Khdeir murder and the most recent wave of 

contention. Section 5 introduces the data, our coding procedure and the resulting variables. 

Section 6 presents the analysis methods and the results. The final section discusses the findings 

and their implications.  

2. Actors in Political Violence 

Political violence is a broad and multifaceted social phenomenon that takes a multitude of 

forms and involves numerous actors. Among the key questions in the field are how and why 

conflicts begin, evolve, and end (e.g., Autesserre 2010; Collier and Hoeffler 2000; Conrad and 

Moore 2010; Fearon and Laitin 2003; Fortna 2008;  Toft 2003; Zhukov 2012). A set of 
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approaches to answering these questions begins by classifying and defining political violence 

according to the form it takes, such as civil war, terrorism, protest, insurgency, 

counterinsurgency, or repression (Asal and Phillips 2018; Chenoweth et al. 2019; Davenport 

2007; Kocher, Pepinsky, and Kalyvas 2011; Phillips 2017; Rozenas, Schutte, and Zhukov 2017; 

Young and Findley 2011; Zeitzoff 2011). Others distinguish between different types of political 

violence based on the mode of targeting used by the perpetrators and the intentions behind its 

application, such as the distinction between selective and indiscriminate violence ( Downes 

2007; Kalyvas 2006; Kalyvas and Kocher 2007; Lyall 2009, 2010; Schutte 2017; Zhukov 2017). 

The focus on different forms of violence and types of targeting had substantially improved our 

understanding of the dynamics of violence, state-society relations, and the effectiveness of 

different tools of state control and dissent.   

Yet an important limitation in much of existing work is its focus on organized and clearly 

identifiable actors, such as the state and its various security forces on the one hand, and 

opposition or dissent groups—such as rebels, terrorist groups, and social movements—on the 

other hand. This framework, while useful for understanding many conflicts, overlooks the 

potential for independent, organizationally unaffiliated third parties to have significant impacts 

on contentious politics. In addition to the paradigmatic “states” and “rebels,” actors such as 

vigilante gangs and lone wolf attackers are often important drivers of violence and conflict. Such 

independent actors can employ different forms of violence (e.g., terrorism, lynching, 

assassinations) and targeting (selective or otherwise). At the same time, their impact might be 

different from and unexplained by the existing organization- or group-centered scholarship.  

A number of studies analyze lone-wolf terrorism, focusing on defining the scope of this 

type of violence and understanding the demographic and psychological characteristics of 



 8

attackers, their origins, ideology, rationality, motivation and types of attacks (e.g., Bates 2012; 

Borum, Fein, and Vossekuil 2012; Gruenewald, Chermak, and Freilich 2013; McCauley and 

Moskalenko 2014). However, the vast majority of this analysis is centered on a very limited set 

of cases: the extreme right in the US and Islamist terrorists (McCauley, Moskalenko, and Van 

Son 2013; Spaaij 2011). 

What has been largely overlooked by scholars, we argue, is a systematic examination of 

how and under what conditions independent political violence has medium- and long-term 

effects on ongoing conflict. This oversight is puzzling for at least two reasons. First, in recent 

years, lone wolf or independent small group attacks by different types of actors—extreme right, 

religious fundamentalists, or racist groups—have taken place in many countries from Norway to 

France to the US to New Zealand and have become a major political and security policy concern. 

Second, plentiful anecdotal evidence suggests that unaffiliated individuals and their violent 

actions can have profound political effects and shape the course of history. Individual acts of 

violence can include assassinations of leaders or be directed against much less significant targets, 

and sometimes have a profound effect. Do such actions significantly change the course of 

political events and conflict processes? Or are they simply pretexts for already planned policies, 

accelerators of inevitable changes at best, or simply just temporary blips in broader conflict 

dynamics? Despite the potential importance of such actions, the study of individuals’ impact on 

conflict has yet to pay sufficient attention to this question and is instead largely confined to the 

study of elites, their decision-making and biases (e.g., Saunders 2011).  

3. Independent Political Violence 

As stated above, we define independent political violence as politically motivated 

violence committed by an actor who is not affiliated with nor controlled by an organized armed 



 9

actor. A key aspect of this concept is that it is defined based on the actor who conducts it rather 

than the form it takes or the target selection logic. Thus, an act of terrorism or an assassination 

could be an act of independent political violence if conducted by a lone wolf, but not if 

conducted by an organized armed group. This is analogous to the difference between a murder 

conducted by a lone individual and a murder conducted by a crime syndicate.  Both are murders, 

but one is an independent act while the other is conducted by an organized group.  

 Quite often, acts of independent political violence do not have substantive effects on 

ongoing conflict processes. Thus, one may wonder how and under what conditions these acts 

have significant effects. The mechanism by which independent political violence can affect 

ongoing conflict processes is primarily by generating a misperception that the act was not, in 

fact, independent.  Consider a stylized example of an ongoing conflict between organized armed 

Actors A and B. This could be what some term a rebellion, insurgency, civil conflict, ethnic 

conflict, and so on. Suppose Actor C, who is independent in the sense that he or she is neither 

affiliated with nor controlled by either of the organized actors, commits an act of politically 

motivated violence against Actor B.  In many cases such an event may not affect the conflict 

between Actors A and B.  In some cases, however, Actors B will mis-perceive that the violence, 

although committed independently by Actor C, was actually conducted, coordinated, and/or 

directed by Actor A.  In addition, in some cases, Actor A will find it difficult to credible 

demonstrate to Actor B that the act was not conducted, coordinated, or directed by Actor A. This 

can lead Actor B to violently retaliate against Actor A and/or can lead Actor A to expect Actor B 

to violently retaliate, which in turn can lead Actor A to preemptively intensify its violent actions 

toward Actor B. In such a scenario, the independent political violence committed by Actor C can 

have an effect on the ongoing conflict between Actors A and B.  
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 Under which scope conditions are these misperceptions most likely? First, and perhaps 

most importantly, independent political violence is more likely to affect conflict processes that 

are primarily defined based on religious and/or ethnic identity cleavages rather than ideological 

lines. When the perpetrators of the independent act are members of one of the ethnicities 

involved in the conflict, this is highly recognizable to the other side of the conflict. As a result, 

denials of responsibility for the act by the organized actor(s) affiliated with that ethnicity are less 

credible.  The victimized side of the ethnic conflict may blame all those who are members of the 

other ethnicity, regardless of whether they acted independently. On the other hand, in ideological 

conflicts not defined by easily recognizable identities, it may be less difficult for an organized 

armed actor to deny responsibility for an independent act. 

 Second, a history of previous independent political violence in a given conflict makes it 

more likely that subsequent acts of this nature will be misperceived as being driven by organized 

armed actors. An armed actor might be able to plausibly deny responsibility for acts committed 

by independent actors against others, but the plausibility of such denials should decline, all else 

equal, when such independent acts are committed repeatedly. Eventually, the other side, even if 

it believes the initial denials, may be likely to stop believing them and seek an organized actor to 

blame for acts committed against it.   

 The third scope condition relates to conflict over territory. Conflicts over territory are 

more likely to be viewed by participants as zero-sum because the underlying territory is finite 

(Hensel and Mitchell 2005). In this type of situation, actions that weaken one side are therefore 

perceived as strengthening the other side. An act of independent political violence, to the extent 

it weakens the side that has been targeted, may thus be perceived as strengthening the other side 

even if the latter did not commit the act. This may make it more likely that the victimized side 
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will blame the other organized armed actor, and therefore that the independent act may affect the 

ongoing conflict. 

 Unlike the previous three scope conditions, the final one relates not the nature of the 

conflict and the misperceptions it generates but to the nature of the violence itself. To have a 

lasting impact the act of independent political violence needs to be extraordinary, that is 

sufficiently different from the existing, “ordinary” repertoires of violence in either form or 

intensity.  By contrast, an act of independent political violence that takes a form similar to acts 

committed previously is intuitively unlikely to significantly affect the ongoing conflict any more 

so than those past acts. 

 

4. Historical Background: Violence in Jerusalem  

To empirically assess our theory, we consider the murder of Abu Khdeir in the context of 

ongoing violence between Jews and Palestinians in Jerusalem. In the aftermath of the 1967 war, 

the Israeli government annexed East Jerusalem, creating a paradigmatic divided city populated 

by Jewish neighborhoods in the West, and Palestinian neighborhoods on the East. Fifty-two 

years after the annexation the city still remains divided economically, socially, and politically. 

Even though East Jerusalem was annexed by Israel, the city’s Arab residents were not granted 

citizenship and have a legal status of residents that gives them the right to work and travel within 

Israel, social security and health care benefits and the right to vote in municipal elections. 

However, they cannot partake in national-level elections or travel with an Israeli passport. Most 

importantly, unlike citizenship, the “resident” status can be revoked by the authorities for even a 

minor infraction, thus making any altercation with authorities an extremely high-risk activity.  



 12

Jerusalem is demographically split and spatially segregated. As of 2017, Arabs are about 

40% of the city’s population, and with the exception of tiny Jewish settlements within 

Palestinian neighborhoods, the two communities reside in different areas and enjoy vastly 

different levels of economic welfare and services provision (e.g,. Ramon and Lehrs 2014, 19).1 

Against this background, it is not surprising that the Israeli rule is perceived by most Palestinian 

residents as a foreign, brutal occupation and is met with both adaptation and violence.2 

Anti-Israeli violence by the Palestinian residents of Jerusalem is a constant feature of 

city’s life since the annexation. Thus, in 1967-70 Jerusalem experienced seventy nine terror 

attacks in which seventy people were killed and 135 wounded (Hasson 2017, 63). Over time the 

levels of violence ebbed and flowed, as did the specific tactics and forms of protest employed by 

the Palestinians, but violence and protest were consistently present. Underscoring the 

pervasiveness of violence in the city’s past and present, a member of a prominent and 

economically well off Abu Khdeir clan testified recently that “since 1967 there has not been a 

single day when [a clan member] was not in prison” for anti-Israeli activities (Hasson 2017, 24). 

The situation in Jerusalem matches the scope condition outlined earlier in the article. The 

Arab-Israeli conflict in general and the violence in Jerusalem are based on ethno-religious factors 

and cleavages; the Israeli side is predominantly Jewish while the Palestinian side is 

predominantly Arab and Muslim. The conflict is driven by competing territorial claims over the 

same piece of real estate located in between the Jordan River and the Mediterranean Sea. The 

territorial nature of the conflict comes to an even starker relief in the case of Jerusalem where 

Christian, Jewish and Muslim holy sites are located. Arab-Israeli contention also saw numerous 

                                                           
1 In the city as a whole 48% lived below the poverty line. In Israel as a whole the poverty rate is 22% 
2 According to a 2015 public opinion poll, 61% of Arabs in East Jerusalem support "armed struggle and car attacks 
against the occupation" (Pollock 2015) 
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previous instances of individual political violence, ranging from kids throwing stones to 

vigilantes to assassins to individually planned and perpetrated massacres, such as the one carried 

out by the American-Israeli Baruch Goldstein in 1994 that resulted in the death of twenty-nine 

Palestinians. Finally, in the next section we will describe the extraordinary nature of the event at 

the center of our analysis, the murder of Muhammed Abu Khdeir on July 2, 2014.  

The Murder of Mohammed Abu Khdeir 

While stone throwing and other types of what Balcells, Daniels, and Escribà-Folch 

(2016) define as “low intensity violence” were constantly present in Jerusalem, the conflict 

intensified substantially in the summer of 2014. On June 12, a cell of Hamas, an Islamic terrorist 

organization, kidnapped and murdered three Israeli teenagers, hitchhiking in the West Bank. 

Their bodies were discovered only eighteen days later, and the teenagers’ funeral sparked rallies, 

calls for revenge, and sporadic Jewish mob attacks against Arab civilians in various parts of 

Jerusalem. On July 1, 2014 three young religious Jews, a 29-years old Yosef Chaim Ben David 

and two his relatives, both minors, took upon themselves to avenge the teenagers’ murder. 

Ben David, a successful small business owner and the driving force behind the revenge 

plan was not previously actively engaged in political activism and was not affiliated with any 

violent group. Nothing about his pre-murder life, notes Hasson (2017, 19) could explain his 

actions during these days. The decision to act was a spontaneous one. After several failed 

attempts, on July 2, 2014 Ben David and his accomplices kidnapped a sixteen-year-old 

Mohammed Abu Khdeir (محمد أبو خضير), a resident of the Shuafat neighborhood, tortured and 

murdered him and burned his body. The kidnapping, brutal murder and the burning of Abu 

Khdeir’s body were unprecedented and sharply differed from the violence the residents of 
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Jerusalem are accustomed to. The event sparked massive riots in Shuafat and other parts of the 

city. Yet the murder was not the only driver of violence. The war between Israel and Hamas in 

the Gaza Strip (Operation Protective Edge), which followed later in the summer, also contributed 

to the clashes.  

Even though the murder was conducted by independent actors unaffiliated with any 

organized Jewish group, in the minds of the city’s Palestinian population the event was 

immediately linked to the Israeli state and security forces writ large. While there is no 

comprehensive public opinion data on the Arab residents’ perceptions during these days the 

available Arabic-language traditional and social media sources strongly suggest the existence of 

such a connection in the minds of the Palestinians. At the very minimum, there was a 

widespread, indeed almost universal belief that the case would never be properly prosecuted and 

that the Israeli law enforcement and judicial institutions are rigged and explicitly designed to 

harm Palestinians.  

Another common sentiment expressed by the Palestinians during these days was that the 

murder is a natural continuation of the Israeli long-term policy of anti-Arab violence and 

persecution. The murder was often presented together with examples of other violent acts 

conducted by Israel going as far back in time as the 1948 War. These sentiments were best 

encapsulated by Mohammed Abu Khdeir’s father who rejected condolences offered by the Israeli 

Prime Minister Benjamin Netanyahu because “it is on his orders that the sons of the Palestinian 

people are being killed.” Additionally, the Abu Khdeir family argued that “Netanyahu's 

government is covering up settlers’ attacks and not punishing them as required … [and in doing 

so] they gave a green light for the kidnaping of Mohammad [Abu Khdeir], his burning and his 



 15

murder.”3 In other words, rather than an extreme and outlying event conducted by individual 

actors, the murder was perceived as an integral part of the broader Israeli actions and policies 

that required collective Palestinian responses. Calls for boycott against Israeli shopping centers 

and Israeli products and for engaging in violent retribution as the only way to provide justice for 

Mohammed Abu Khdeir were often expressed on social media.4  

In the two-month period following Abu Khdeir’s murder more than twenty Israelis and 

one hundred Palestinians were killed and many more injured – a substantial escalation from the 

previous patterns of persistent, violent but largely non-lethal, conflict. Under such conditions of 

regular violence, with many violent events with many victims, the ex ante likelihood of a single 

event with a single victim having a significant impact on the pattern of events for a long period 

of time is relatively low, making Jerusalem a least likely case to test our argument and lending 

additional strength to the impact we do find.  

5. Data  

To analyze the effect of the murder of Abu Khdeir on the ongoing Arab -Israeli conflict, we 

begin by collecting data on political violence in Jerusalem in the months preceding and following 

the murder. 

A. Israeli Police Data 

For our analysis we use geo-coded incident-level data provided by the Israeli police 

under the Israeli Freedom of Information legislation. The police data—more than 70,000 

                                                           
3 http://gate.ahram.org.eg/News/513086.aspx 
4 Hashtags such as #StopSettlerTerrorism, #BoycottZionistProducts, #ChildOfJerusalem, #JerusalemIntifada, 
#BurnThem, #TheyBurntTheBaby often accompanied the discussion on social media. These hashtags underscored 
the broader relevance of the event as well as group-based, collective motivations and responses.   
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observations—encompasses all reported incidents of crime and political violence that took place 

within the municipal borders of Jerusalem between January 2013 and December 2015.  Police 

reports consist of a verbal description of the event; demographic information (age, religion, 

gender) and place of residence (listed in the reports as “statistical areas,” which largely 

correspond to neighborhoods) of both victims and suspects; and the police file number. In the 

underlying police data, the unit of observation is an individual (either a victim or a suspect), and 

as some events involved multiple participants, a single event can result in several observations in 

the police data. In this paper we focus on events, rather than individual characteristics of 

participants, and therefore we omitted repeated observations, keeping in our data only the first 

recorded suspect or victim.  

Next, based on the police file numbers we merged observations of victims and suspects, 

keeping only the incidents where information regarding suspects was available. There are several 

reasons for why an incident would have a reported victim but no suspect: first, some incidents 

might turn out to be false and hence do not result in any suspects being detained by the police. 

Even when an event is real, not always the police are able or willing to apprehend a suspect. 

Additionally, not all events that do have a suspect would have a recorded victim, e.g., attacks 

against municipal or state property. Finally, there might be reporting issues driving this dynamic. 

We are aware of these potential biases, but in order to demonstrate the general dynamics of 

violence we made a decision to focus only on events for which we have complete data, i.e., 

information on victim as well as suspects. As a result of this merging we omitted the records of 

victims who could not be matched to a suspect in the police data. At the end of this process we 

created a data set with information on 48,507 events, which include the date, location and type of 
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violation committed, and demographic data on suspects and victims. Next, we divided the events 

by their type into several main categories.  

Police records include a detailed classification of over one hundred different crimes and 

violations from loitering, to rape, burglary, physical assaults against police officers, homicide, 

stone and Molotov cocktail throwing. We aggregated different crimes and violations into four 

main categories: Riot, Molotov cocktail throwing, Physical Assaults, Assault against Police 

Officers, and Crime. For reasons discussed below we devote our attention in this paper to 

incidents involving riots.  

Due to the nature of our data, we do not know how many of the riot events satisfy 

definitions of riots that have a numerical threshold of participants and require participation of 

members of different identity (ethnic or religious) groups in the event. However, the existing, 

extensive qualitative and historical evidence clearly demonstrates that in the Arab neighborhoods 

of Jerusalem rioting that often involve stone and Molotov cocktail throwing are conducted 

predominantly in groups, and against Jewish/Israeli civilians, security forces and property, not 

other Arabs. Overall our data contain 1096 days, of which 967 days (88%) experienced incidents 

of riots. Events occurred in 453 of the 547 days (82%) prior to the Abu Khdeir incident, and in 

514 of the 549 (94%) days after the murder. Lastly, of the total of 4590 riot events (some days 

have multiple incidents - up to a maximum of 37 incidents in one day on July 6th 2014 

immediately after the assassination), 1600 (35%) occurred prior to July 2014 and the remaining 

65% after the Abu Khdeir murder.  

Our choice of focusing on riots is driven by several main considerations. First, riots and 

Molotov cocktail throwing as well as attacks against police officers are the most prominent 
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forms of Palestinian violence in Jerusalem in recent years. Second, unlike acts of homicide 

which can be both criminally or politically motivated, riots are unambiguously a form of political 

and social violence. Third, contrary to other forms of intergroup violence, such as physical 

assaults against civilians, riots are very unlikely to be underreported, while we suspect that 

attacks against police—a category that encompass a range of actions—might be over-reported. 

B. OCHA Data 

To identify events perpetrated by Israeli civilians and Israeli security forces we use data 

collected by OCHA – United Nations Office for Coordination of Humanitarian Affairs. OCHA 

uses a variety of sources including media reports and field worker reports to document incidents 

of violence in East Jerusalem and the West Bank. OCHA’s staff validate and code their 

information providing a granular description of violent incident occurring in the West Bank and 

Jerusalem. Each incident includes a verbal description, as well as information regarding the 

perpetrators’ and victim’s identity/affiliation. The events are geo-coded at the neighborhood 

level.  We use these data to extract all events occurring in East Jerusalem between 2013-2015 

that involve Israeli perpetration of a physical attack against Palestinians or their property. 

Overall, 324 of the 1096 days (29.6%) experienced an Israeli-perpetrated event against 

Palestinians or their property. Security Forces physical attacks occurred in 243 (22.1%), Israeli 

Civilian physical attacks in 74 (6.75%), and Civilian damage to property in 40 (6.4%) of the days 

(events of more than one type occurred in 43 days).  There was an overall increase in the number 

of events several days prior to and after the Abu Khdeir incident (148 [27%] event days before 

and 176 [32%] event days after). While the number of days involving a security forces physical 

attack increased from 94 (17.2%) of the days prior to July 2014 to 149 (27%) after the 

assassination, the share of physical attacks by civilians remained the same in the two periods and 



 19

the frequency of incidents with damaged to property decreased by about half after July 2014.   

6. Methods and Results 

What was the impact of the Abu Khdeir murder on the broader patterns of political 

violence? In this section we use three methods: Fast Furrier Transform, Change Point Analysis, 

and Transfer Entropy to analyze how the murder influenced short- and long-term patterns of 

contention. We begin by analyzing the impact of the murder on the timing and scale of riots in 

Jerusalem both in the short and in the longer term. To do that, we utilize the Fast Furrier 

Transform (FFT) technique. The FFT is a basic signal-processing (time series) tool common in 

engineering and physics. It is a set of equations that takes in the time series values, and outputs a 

set of “cycles” (or frequencies) and their strength (or amplitudes). Transforming the time series 

into its frequency components allow finding cyclic patterns (for example weekly or daily cyclic 

behaviors).  

 Both the detection of cycles and use of FFT-like methods to identify cycles have been 

previously used in political science research, such as understanding cycles of elections, wars, 

terrorist attacks and even political cycles’ influence on the stock market (Aguiar-Conraria, 

Magalhães, and Soares 2012; Gill and Hangartner 2010; Im, Cauley, and Sandler 1987; Richards 

1992; Van Dyke 2003). However, the existing FFT scholarship in political science mostly 

focuses on identifying cycles. For example, in US election system we might have co-evolving 

cycles for the House of Representatives, Senate and Presidency with different degrees of 

amplitudes across time that align every twelve years. Our approach, on the other hand, is to 

utilize FFT to filter out cycles and thus better understand non-cyclic phenomena. In other words, 

after measuring the cycles of violence, we recreate (inverse transform) our data without the 
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strong cyclic frequencies that we remove and analyze unique, non-cyclical behavior only. This 

gives us the ability to examine the effect of the event on violence that is not part of a “regular” 

cycle.  

We should note that FFT allow us to exceed other methods used to detect seasonality in 

data. Methods, such as Weighted Moving Average (WMA), require delicate fitting, which might 

insert additional error into the analysis. FFT however, is strictly a mathematical transformation of 

the time series into a spectral dimension, making just another representation of the original data 

without information loss, unlike the WMA-type methods. Seasonality methods also fail when 

several cycles co-exist at the same time, as might be in the case of our data. FFT, on the other hand 

is wells suited to deal with this issue.  

 To illustrate this method, consider the following example of a demand for electricity per 

hour over a long period. One can imagine a cycle occurring every day (24 hours) as demand 

increases in the morning when people wake up, and decreases at night when users go back to 

sleep. The Fourier Transform method would detect a strong cycle of twenty-four hours. Filtering 

out the daily cycle and recreating the time series could help in detecting anomalous daily power 

demand. We can also use FFT to detect annual patterns that would be attributed to seasonal 

factors (change of temperature). By removing all daily and seasonal strong cycles we can 

recreate a time series representing only unique, non-cyclical electricity consumption. In other 

words, to detect and analyze irregularities we need first to filter out regularities. We use the same 

logic (and method) to analyze the violent events data. We opt to identify cyclical patterns 

occurring in Jerusalem (typically every week – on Fridays), remove them from the overall data 

and recreate the time series in order to identify the unique consequences of a major event (such 

as the Abu Khdeir incident).  
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Formally FFT is presented by the following mathematical notation5 where  is the time 

series. N is the number of data points in . k is the sinusoid frequency.   is a sequence of 

complex numbers with a length N representing each of the k frequencies. 

= = ∗ cos
2

− ∗ (2 / )  

Figure 1 

 

Figure 1 shows the number of riot events in Jerusalem between 2013 and 2015. 

Computation of FFT was based on the counts of daily riots events, although to attain visual 

clarity Figure 1 shows daily events aggregated into weeks. The figure is further divided into 

three sections marked by 3 major events: (A) clashes between Israeli security forces and 

Palestinians commemorating the 2nd Intifada anniversary (September 27, 2013); (B) the Abu 

                                                           
5 Notice the formula is for the discrete Fourier transform which is more relevant to our discrete data. A continuous 
form exists as well. 
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Khdeir murder (July 2, 2014); and (C) violence between Israeli security forces and Palestinians, 

known as the beginning of Al Aqsa clashes (September 13, 2015). The upper panel (blue line) 

represents the raw data. A quick look at the upper panel identifies a few spikes, and what seems 

to be a rise in the overall intensity of riots in the aftermath of the Abu Khdeir murder. The 

middle panel (green line) represents cyclical riots every 3.5, 7 and 58 days, cyclical behavior that 

is detected by applying the FFT method to the entire data. Quite clearly the pattern seems 

complex yet it suggests that some of the riots in Jerusalem are seasonal and come in cycles. The 

bottom panel (red line) reconstructs the time series after removing the cyclical behavior. The 

bottom plot indicates a change in pattern in the wake of each of the three major events, followed 

by a relatively quick decline in September 2013, but also a rise in the overall frequency of riots 

following the Abu Khdeir murder – a new level of violence, if you will, that does not change 

even in the post September 2015 period. In other words, the system moves into a higher rate of 

riots in July 2014 and does not revert to its initial state. 

Figure 2 
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Figure 2 allows us to examine these observations in greater detail. Each of the panels in Figure 2 

corresponds to one of the three major events described above (i.e., A, B, and C). The red line 

shows the time series of riots without cyclical behavior in the period of sixty days prior to and 

after the event. Each of the panels also presents data on the average number of daily events 

during the sixty days before and sixty days after the event. In addition, the figures present 

information on the average number of daily riots between each of the major events. Panel A 

shows the impact of the Sep 27th 2013 riots. Notice the increase from 0.93 to 2.03 in the average 

frequency of daily riots in the sixty days window, an effect that seems to vanish over time as the 

average number of daily events declines to 0.74 (slightly lower than the sixty days prior to event 

A) in the period between the Second Intifada anniversary and the Abu Khdeir incident. Panel B 

points to a steep increase in the prevalence of riots in the 60 days following the murder of Abu 

Khdeir (3.75 daily riots as opposed to an average of 0.74 daily riots since event A and only an 

average of 0.38 daily riots in the sixty days prior to the murder). As evident in both panels A and 

B the average of riots between July 2014 and September 2018 had declined but remained at the 

overall high level of 2.08 riots per day, providing further evidence on the massive impact that the 

Abu Khdeir murder had on Palestinian behavior. Lastly, as evident in panel C similar levels of 

riots—an average of 2.05 per day—characterize the period between September 2015 and January 

2016. In other words, this steep increase in the frequency of riots in East Jerusalem following 

July 2014 seem to have created a new plateau.  

FTT allows to identify the changes in the intensity of riots over time, but did the Abu 

Khdeir murder lead to a fundamental change in the patterns of contention or are we simply 

observing an amplification of the already ongoing processes? To answer this question we employ 

Change Point Analysis to identify the existence of change points in the time-series data. More 
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specifically, we conduct a Bayesian Poisson change point analysis in which the daily count of 

riots is the outcome variable, and the previous day’s count of riots is the predictor. The model 

estimates whether, at some point in the time series, the relationship between the incident count in 

day t and the incident count in day t-1 changed significantly. This can occur when an important 

exogenous event leads to a much greater or much smaller number of events in day t than we 

would expect based on the number of events in day t-1 – and when this change in the 

relationship persists over a sufficient number of days. 

Our analysis indicates that a change point in the pattern of riots indeed took place on July 

2, 2014, the date of Abu Khdeir’s murder. For each day in our time-series, we estimated the 

probability that the change point occurred on that day. The probability of a change point is 0 for 

most days, and non-zero only for July 1, 2, and 3, 2014, with the probability being largest (~0.5) 

for July 2. Figure 3 shows, for each day, the posterior probability that that day's riots were 

produced by each of the two data-generating processes (i.e., the processes before and after the 

change point).  The figure indicates that, this probability is 1 (or trivially close to 1) for the first 

data-generating process until July 2nd 2014, and then 0 thereafter. And the reverse is true for the 

second data-generating process as indicated in Figure 3. This indicates that, not only did a 

change point occur on July 2, 2014, but that we can be quite certain that the riots that occurred 

before and after that date resulted from significantly different data-generating processes. Next, 

we turn to explore the long-term consequences of the change point. 

Figure 3 
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In order to analyze the broader trends of Palestinian contention beyond the Abu Khdeir 

murder we employ Transfer Entropy to examine how the Abu Khdeir murder affected the 

Palestinian reaction to future cases of Israeli violence. Transfer Entropy is a technique that 

measures the amount of information that flows from one time series X to a presumable related 

time series Y. It is a non-parametric statistic that quantifies how much uncertainty is reduced by 

a process X at time t for the next value of Y at t+1.  
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Transfer entropy measure has already been applied to various topics in the social sciences, 

mainly in studies of the diffusion of news, processes of urbanization, the flow of information in 

social networks and collective action (Borge-Holthoefer et al. 2016; Kim, Newth, and Christen 

2014; Murcio et al. 2015; Steeg and Galstyan 2011). Interestingly, despite the attractiveness of 

using such non-parametric measure to explore dynamics of violence, we are not aware of any study 

that employs this measure. Our goal in the current study is to use transfer entropy measures in 

order to examine the asymmetric relations between the times series of different event types. In 

other words, we are interested, for example, in examining whether the number of Israeli civilian 

attacks against Palestinian civilians decrease or increase the uncertainty of Palestinian protest 

events occurring in the next day.  

We believe that Transfer Entropy complements standard techniques of data analysis, such 

as Cross Correlation, in two important ways. It allows going beyond examination of the linear 

relationship between two time series (as in the case of Cross Correlation) and explore non-linear 

relations more thoroughly. This is particularly true given that assuming a linear relationship 

between violence variables is less than a realistic assumption, thus making Transfer Entropy use 

more appropriate. Second, it is important to note the different outputs of Cross Correlation versus 

Transfer Entropy analysis. The former measures the symmetric dependence between two 

variables in any time series, while the latter outputs an asymmetric dependence. In other words, 

when using Cross Correlation, we quantify how two variables of interest change together over 

time. Transfer Entropy, on the other hand, simply quantifies the influence of X on Y. Although it 

has been suggested that this type of measure of information flow can be useful in statistical 

analysis of causality (Ito 2016), here we do not presume causality but only quantitatively 
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separate the effects of interdependent variables (e.g., the effect of X on Y vs. the effect of Y on 

X) and explore the complexity and dynamics nested in the phenomenon under scrutiny. 

 Transfer entropy is based on Shannon entropy (H), an Information Theory basic building 

block which measures randomness for some variable. A basic example is the number of cars on 

the road over time. The number of cars might be considered less random than minutely stock 

prices over time. In information theory terms the car data have lower Shannon entropy than the 

stock price data. A calculation of Shannon entropy for a variable would be: 

= − ∗ log( )   

Where   is the probability of some value k to occur. A simple example for using the formula 

would be a fair coin toss. The probability is 0.5 for each outcome. The output would be a 

maximum Shannon entropy of 1, i.e., complete randomness.  

 When considering transfer entropy we utilize Shannon entropy and basic conditional 

probability schematics. We measure transfer entropy with the following formula:  

→  = ( | : ) − ( | : , : ) 

L is the size of past observations we use to calculate the conditional Shannon entropy. T refers to 

time, meaning that we calculate and average these values over the time series. Y is the target 

variable and X is the source variable. →   outputs how much uncertainty (or randomness) is 

reduced for  by knowing past L values of X, given L past values of Y. If X does not decrease 
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the uncertainty about the next value of Y, →   would be equal to zero. If X completely 

decreases the uncertainty about Y, →  would be equal the uncertainty about 6. 

We apply the Transfer Entropy method to measure the extent to which information on the 

identity of perpetrators (IDF/Security forces vs. Israeli civilians) of various events (physical 

attacks as opposed to damage to property) reduced the uncertainty about Palestinian riots. A key 

question here is the effect of the time window used to observe past behavior on the 

certainty/uncertainty of riots. Data are presented for past-future window size combinations. The 

analysis is repeated three times using the entire riots data (panel A), the riots cyclic behavior 

time series reconstruction (panel B) and the time series with the cyclic behavior removed (panel 

C).                    

Figure 4 

Panel A 

 

Panel B 

                                                           
6 →  is normalized to equal to 1 for when achieving the maximum reduced uncertainty. 
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Panel C 

 

Figure 4 suggests several interesting observations. First, in Panel A, IDF violence is 

ranked higher in decreasing Palestinian riots uncertainty, but only for short term windows. 

Meanwhile, the ranking is reversed for longer term time window, namely seven weeks into the 

past and one week into the future. The reversal in uncertainty ranking means a long-term 

increase in salience of civilian violence, physical or property, on riots. In other words, the result 

might indicate that civilian violence has a long-term effect on riots, while military violence has a 

short-term effect on riots.  



 30

 Second, for a given perpetrator-action pairing, increasing past window reduces more of 

the riot uncertainty, in absolute terms. This greater uncertainty reduction is true in all three 

panels. In a way, this is not surprising. Enlarging the “window” increases the ability to detect a 

trend. A trend is hence information that might reduce uncertainty about the next value for a 

certain time series. In sum, more information about perpetrator-action past events increases the 

certainty about the riot response. 

 Third, when looking at the uncertainty reduction for cyclic riot behavior (Panel B), we 

notice that the IDF-physical attacks lead over other pairings regardless of window size. For the 

seven weeks window size IDF-physical reduces three times more uncertainty than in the “all 

riots” data (Panel A). The military violence-protest pairing seems to have a strong and consistent 

action-reaction pattern over other perpetrator-action pairing.7  

Fourth, the reconstructed time series with the cyclic behavior removed (Panel C) suggests 

that ISR-physical ranks first in decreasing riot uncertainty for the seven weeks/one week window 

size. What this means is that in the long term, physical attacks by Israeli civilians reduce more 

uncertainty about future protest values. The result is consistent with the “all riots” (Panel A) 

result where the perpetrator-action ranking is not consistent over all window sizes.  

Figure 4 seems to attest to one overarching conclusion. Whereas physical attacks 

perpetrated by security forces seem to be associated with cyclical riots, Physical attacks 

perpetrated by Israeli civilians on occasions seem to be related to non-cyclical riots. 

C. The pre-post effect of Abu-Khdeir murder 

                                                           
7 We back such interpretation by the complementary asymmetrical relationship of riots and IDF-physical (not 
represented here in the graphs). Riots reduced more uncertainty for IDF-physical regardless of window combination. 
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We now turn to examine variation in riot uncertainty before and after the Abu Khdeir 

murder. Data are presented for past-future window size combinations: seven weeks in the past 

and one week into the future and seven days in the past and one day into the future. The analysis 

is presented for the three versions of the riots data in Figure 5: the raw riot data, cyclic riot data 

and cyclic riot behavior removed data. 

Figure 5 

Panel A 

 

Panel B 

 

Panel C 
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 It is evident that for the cyclic riot data (Panel B) the perpetrator-action ranking stays 

pretty much the same regardless of time period or window size. Moreover, IDF-physical values 

show remarkable similarity. Once again this suggests a strong cyclic coupling between security-

services violence and protest. Cyclic relations get even stronger after the Abu Khdeir murder in 

both window selections. In other words, information about security forces perpetration of 

physical attacks reduces the uncertainty of Palestinian riots even more after the July 2014. We 

interpret this as an increase in the coupling of the two phenomena to each other. 

 In the data with cyclic behavior removed (Panel C) we see a meaningful increase in the 

effect of Israeli civilians’ perpetration of physical attacks on the riots uncertainty for the seven 

weeks/one week window period. After the Abu Khdeir murder, the ISR-physical holds much 

more information of next week riots value, potentially suggesting that Palestinian population has 

become more sensitive to attacks perpetrated by Israeli civilians. Another interpretation is that 

this period, which is different from the “normal” cycles of violence, produces more reaction. It is 

interesting that this pattern does not seem to appear in the shorter seven days/one day window, 

suggesting variation in short vs. long term sensitivity. In addition, we again observe that in both 

window sizes the IDF-physical reduces more riot uncertainty after the murder, which is 

consistent with our coupling interpretation in Panel B.  
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7. Conclusions 

 Do individual actors have a durable, long lasting impact on conflict dynamics? We 

attempt to answer this question by conceptualizing independent political violence, which 

includes various forms of political violence conducted by actors operating outside of traditional 

organized frameworks. We provide a theory that explains the conditions under which 

independent political violence can affect ongoing violent conflicts. 

To assess our theory, we focus on the Abu Khdeir murder: a least likely case scenario 

that makes detecting the impact of the event especially challenging and thus lends additional 

credibility to our findings.  The case also meets our scope conditions: Jerusalem, a city with well 

established, decades old ritualized and choreographed patterns of contention between the Arab 

Palestinian population and the Israeli state. To conduct our analysis, we combined uniquely rich 

data from two diverse high-quality sources: Israeli Police records and the United Nations’ 

OCHA data. In addition to these new data we overcome the methodological problems inherent in 

detecting long term impact of rare events by combining Bayesian Poisson Change Point Analysis 

with Fourier Form Transform: a method common in engineering and physics but rarely applied 

to the study of political phenomena. Our analysis of violence in Jerusalem in 2013-15 strongly 

suggests that an extreme and unpredictable event—the murder of Muhammed Abu Khdeir by 

three Israeli civilians acting on their own, in an ad-hoc manner and without coordination with or 

the knowledge of any organized actors, had a durable and noticeable impact on the conflict 

dynamics in the city.  

 We demonstrate that individual actors and their acts of violence can have lasting effects 

well beyond the original shock. We also show that such a potential impact is not simply an 
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outcome of the target’s prominence; a murder of a teenager randomly chosen on the street can 

and does leave a profound legacy. This suggests that independent political violence, a broader 

concept than lone-wolf terrorism, merits more serious attention in political violence and 

contentious politics scholarship to build on our initial attempt to better understand how 

individual actors can shape cycles of violence. By focusing on the effects, rather than the causes 

of independent political violence, we demonstrate how independent actors can alter cycles of 

violence, even in the already highly contested cities like Jerusalem. Our exploration of Jerusalem 

demonstrates the need in further theoretical and empirical work that will shed light on the 

understudied phenomenon of independent political violence. Specifically, we hope scholars will 

use this paper as the basis to develop a broader research agenda regarding the causes and 

consequences of independent political violence.  Below we list several key open questions we 

hope will be answered as part of this research agenda. 

 One important question for future research relates to causal mechanism.  What is it about 

independent attacks that makes them impactful? Given our empirical setting, it is clear that the 

mere existence of violence cannot explain the observed outcome. The Palestinians in East 

Jerusalem are accustomed to collective, large scale and often deadly contention; violence is a 

part and parcel of these peoples’ daily lives. Thus, we suspect that it is not the presence of 

violence, but its form that drives our results. Future research should examine what makes 

independent political violence, and especially the reaction to it, different from other acts of 

political violence. 

 A second area for future research concerns the durability and magnitude of the effects of 

independent political violence. Our analysis extends 1.5 years after Abu Khdeir’s murder, so 

additional data would be needed to assess the length of the impact of the murder on the ongoing 
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conflict. More broadly, by first digging deeper into the mechanisms by which independent 

political violence matters, as we suggest above, we hope future work will gain insights into why 

some acts of independent political violence have longer-lasting effects than others.  Similarly, 

why do some acts of independent political violence have larger effects on ongoing conflicts than 

other such acts? 

  Finally, while we have specified several scope conditions under which independent 

political violence may have long-lasting effects, we hope future work will build on this argument 

by specifying which of these conditions are most important.  Furthermore, it may be the case that 

relative importance of these scope conditions differs systematically depending on the form of 

independent political violence (e.g., kidnapping, hijacking, etc.).  Understanding these 

relationships will help future researchers better understand how, when, and the extent to which 

independent political violence matters most. 
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