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Abstract
To what extent do peers affect criminal behavior? In this document I study peer effects
among former combatants in Colombia. Based on a theoretical framework that differentiates
the effect of economic conditions from social networks I implement a design that estimates both
effects using micro-level data of 16,761 former paramilitary member and plausibly exogenous
shocks to local economic conditions. I exploit the presence of partially overlapping groups of
peers in the wartime networks across municipalities to identify the effect of both individual and
peer effects. The findings show that when economic returns to illegal sectors increase, former
combatants favor criminal activities. Importantly, an increase in peers’ criminality increases
an ex-combatant’s criminal activity by about 4%. A counter-factual experiment suggests that
a policy that minimizes economic dependency on wartime connections has the potential to
significantly reduce criminality and recidivism.
JEL Classification: A14, K42, O12
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The enduring emotion of war, when everything else has faded, is comradeship. A
comrade in war is a man you can trust with anything, because you trust him with
your life. “It is," Philip Caputo wrote in A Rumor of War “a bond that cannot be broken by a word, by boredom or divorce, or by anything other than death." Individual
possessions and advantage count for nothing: the group is everything. What you
have is shared with your friends. It isn’t a particularly selective process, but a love
that needs no reasons, that transcends race and personality and education–all those
things that would make a difference in peace. It is, simply, brotherly love.
– William Broyles Jr., 1984
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Introduction

Criminality often increases during transitions from war to peace. Even in the absence of a
complete re-militarization, transitional contexts are marked by a reconfiguration of criminal
practices in which former combatants are constantly embedded.1 Mounting evidence suggests
that there is an elevated level of violence and criminality in most post-conflict environments
(Keen, 2000; Call, 2012; Kurtenbach and Rettberg, 2018).2 Yet, the extent to which violence
and re-militarization occurs varies across nations, over time and across geographic regions.
What explains the variation in the behavior of individuals that belonged to armed groups after
conflict? Why do some transition to civilian life while others do not?
Although several scholars have studied the problem of crime and violent spoilers in the
aftermath on conflict (Stedman, 1997; Walter, 1997), there is little consensus about the motivations to return to violent and illicit behavior.3 For example, there is no agreement about
whether individual economic considerations override social factors.
In this paper I develop a comprehensive theory for criminal behavior, and empirically analyze explanations of criminality of former combatants. I argue that individual and social constraints shape the incentives and opportunities for ex-combatants to participate in illegal behavior. Individual constraints refer to the opportunity-cost provided by the surrounding context
1

According to Collier, Hoeffler, and Söderbom (2008) almost half of the countries emerging from conflict relapse
into war within five years of the peace agreement.
2
Violence and crime may take new forms, for example a decline in massacres, and kidnappings, but a rise in street
crime, thefts, and domestic violence.(Krause, 2012; Darby, 2006; Autesserre, 2010b)
3
Studies have shown how ex-combatants come back to a different type of criminal and illicit behavior in different
contexts including organized crime in the Philippines (Crisis Group, 2013) and re-militarization in the Republic of
Congo (Themnér, 2011) without sorting empirically the motivations to re join these activities.
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such as proximity to illegal markets, and local state capacity. Social constraints refer to the
social network of the ex-combatant. Because the severity of these constraints may be affected
by criminal activities, I study plausibly random shocks to the economic conditions, combined
with the presence of partially overlapping groups of peers in the ex-combatant network to estimate the parameters of a model that separates individual from peer effects. The observable
implications of the argument are straightforward. When the economic returns to the illegal
sector increase, former combatants favor criminal activities; when the economic shock affects
state capacity, ex-combatants are less likely to participate in crime. More importantly, consistent with theoretical accounts of crime, I argue that an increase in peers’ criminality increases
an ex-combatant’s criminal activity. Then, an increase in the recidivism and criminality activity
of peers is likely to increase criminal behavior.
I test the arguments with micro level data on reintegration of former fighters and plausibly exogenous shocks to local economic conditions in Colombia. First, to study variations
in opportunity-cost I analyze municipal-year data on shocks of three goods: gold, oil and
coca. These commodities are at the core of the individual constraints that I theorize bind
ex-combatant behavior. When the production of a labor intensive illegal commodity is high
and prices rise, ex-combatants have economic incentives to participate in criminal activities.
As income from legal commodities grows, economic returns form illegal activities declines,
and ex-combatants are pulled out of criminal activities. Second, to identify peer effects, I
consider wartime connections and how peer’s criminal activity affects the criminality of the
ex-combatant. I construct the wartime network of ex-combatants by considering that two excombatants are connected if, in more than one month during the conflict, they belonged to the
same unit, and they where in the same position within that unit. I use information on the complete population of paramilitary ex-combatants in Colombia. I then link the wartime networks
with police records on individual arrest for several years. Therefore, I am able to know whether
a former fighter returned to belligerent or illegal activities in any month over the course of several years.
I depart from a theory that explains when ex-combatants choose to engage in criminal activities and then propose an empirical strategy that identifies the peer effects. Drawing on
economics network models (Ballester, Calvó-Armengol, and Zenou, 2006; Bramoullé, Kranton,
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and D’amours, 2014; Calvó-Armengol, Patacchini, and Zenou, 2009), I propose a framework in
which each agent chooses an optimal level of criminal activity based on economic conditions
and social connections. In other words, individual payoffs result from the combination of two
effects: first, an individual component that is exogenously determined by proximity to illegal
markets and changes in state capacity. Second, a social interaction effect, where each agent’s
decision is affected by his position in the network and the level of activity of his peers.
Estimates of the “best response" equations linking an ex-combatant’s activity to his wartime
peer’s activity indicate that these decisions are strategic complements and that the level of
criminal effort of peers positively affects individual criminality. Therefore, the optimal level of
effort in criminal activities increases with the average effort of the peers.
The identification of these peer effects within social networks is challenging for several reasons. First, if we are interested in the effect of a ex-combatant j’s criminal behavior on the
criminal behavior of a ex-combatant i to whom j is connected, we may be affected by a ’reflection problem’ (Manski, 1993). A second problem is that of common shocks. Specifically,
unobserved shocks might affect the behavior of ex-combatants who are connected, and might
be the underlying reason for the observed correlation in their behavior. We might wrongly
attribute a change in i’s behavior to j, when in fact both are being affected by the same shock.
To estimate the effect of own and wartime peer’s activity on reintegrations levels, I take
advantage of the panel structure of the data and calculate the effect of the economic shock on
one municipality, as it affects connected peers in other municipalities that are not affected by the
shock, using an approach that estimates how the effect on one unit of analysis transmit to other
unit of analysis only though their connection in the network (Kline and Tamer, 2018; Bramoullé,
Djebbari, and Fortin, 2009; De Giorgi, Pellizzari, and Redaelli, 2010). In other words, I estimate
to what extent an economic shock that does not affect the municipality of an ex-combatant, may
still have an effect on his criminal records through his wartime connections.
The idea is that economic shocks that benefit certain activities that take place in some municipalities will affect the opportunity cost of individuals living in those municipalities (individual
level effect) and others connected to them through some social tie (social level effect). The latter
is true, however, only if a peer effect exists. The results show a small individual level effect, but
a significant and fairly precise effect of peer’s activity. Individuals who live in municipalities
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that are affected by an economic shock exhibit a change in the extent to which they reintegrate.
But they are not the only ones: individuals who do not live in municipalities affected by an
economic shock but that are connected to those who are, also show a significant modification
in their reintegration levels.
This paper advances the study of conflict and peace-building in three ways. First, it highlights the relevance of social networks in post-conflict studies. Scholars from different fields
have highlighted the relevance of social networks in explaining young and adolescence criminality (Warr, 2002), gang behavior (Warr, 2002), military alliances (König et al., 2017), and
recruitment into rebel groups (Staniland, 2014; Parkinson, 2013). However, conflict scholars
have often overlooked peer effects in the explanation of motives of ex-combatants to return to
illegal activities.
In particular, my core findings show the existence of an effect that had been unexplained by
existing theories of post-conflict trajectories that focused on resource-based explanations from
conflict studies (e.g. Weinstein, 2006) such as access to land and poverty (Collier, 1994; Hill,
Taylor, and Temin, 2008). I find that ex-combatants are affected by the action of their peers.
Not only are wartime peers enduring and relevant after demobilization as argued by Daly
(2016) and Wood (2008), but the action of peers directly affect behavior.4 As I point out in the
discussion, this logic is not limited to the case of the paramilitary in Colombia.
Second, the explanation proposed in this paper complements recent studies to understand
recidivism among former combatants in Colombia. Kaplan and Nussio (2018) show the correlation between recidivism and several other factors such as antisocial personality traits and
the presence of criminal groups based on a survey of a non-random sample of ex-combatants
from different groups. Daly, Paler, and Samii (2017) contribute with a better sampling and
measurement strategies, to show how commanders pull ex-combatants into crime. The paper
highlights the relevance of peers as opposed to individual and psychological motivations. My
paper provides an improved empirical strategy that is possible given the panel structure of the
data of the complete population of identified paramilitary members.
Finally, it brings the attention to social networks for future policy implementation. Recent
4

The paper also contributes to studies of the determinants of peace after conflict (Fortna, 2004a), and how variations in the incentives to turn to warfare may be affected by the combination of local and external conditions.
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scholars have studied the effect of economic stimuli Blattman and Annan (2016) and psychological therapy Blattman, Jamison, and Sheridan (2017) to reduce crime among ex-combatants
and vulnerable population. However, no study has attempted to promote a change in the social network of the ex-combatants to promote reintegration. Understanding the role of peers in
criminal behavior in this population helps to promote interventions that directly try to affect
social networks to improve the livelihoods of ex-combatants after conflict. The findings also
contribute to the literature that study the effectiveness of reintegration programs after conflict
(Humphreys and Weinstein, 2007; Gilligan, Mvukiyehe, and Samii, 2013), as it highlights an
aspects that has been largely overlook given its difficulty to measure.
The paper also contributes to the literature on peer effects. Recent empirical applications
take advantage of the form of the social network and looks at how a subject’s position in the
network affects individual behavior. Identification is not a principal concern for networks studies that predominantly rely on correlations between centrality measures and behavior. My
study contributes to known efforts to provide causal identification among social networks with
observational data (Larreguy and Teso, 2018; Kline and Tamer, 2018).
The rest of the paper proceeds as follows. In the next section I explain the context and theoretical motivation of the paper. In the third part I develop a formal model to explain the effect
of social networks and illegal markets on criminal behavior and derive the testable hypotheses. The forth part estimates the parameters of the model using panel data of ex-combatants in
Colombia. The last part concludes with some policy implications and relates the results of the
investigation to interviews and interventions to reduce crime and to tackle the social component of recidivism and criminality in post-conflict societies.

2

Criminality after conflict

The transition of former combatants from armed conflict to criminal activity may be a threat
to the security, stability, and state capacity (Collier, 1994; Lessing, 2012). While comparative
politics has traditionally focused more on armed conflict, there is a growing interests in developing explanations for the determinants and dynamics of crime as a source of general disorder
(Kalyvas, 2015; Barnes, 2017) and in the aftermath of conflict in particular (Deglow, 2016).
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Many ex-combatants in Colombia came back to criminal activities after demobilization. According to the number of arrests, around 15% of former paramilitary participated in illegal
activities in the years after demobilization. Figure 1 shows the reasons of the arrests. The most
common types of crimes are related to drug trafficking and organized crime.5

Figure 1: Types of crimes of ex-combatants, 2013-2016
Drug possession and trafficking
Organized Crime
Other
Illegal arms possession and trafficking
Homicide
Theft
Personal injuries/assault
Extortion
Illegal possession and trafficking of military arms and ammunition
Intrafamilial violence
Threat
Illegal use natural resources
Use false identification
Terrorism
Kidnapping
Rape
Fraud
Rebellion
Attack against authorities
Forced disappearance
0

200
Number of arrests 2013−2016

400

Note: The graph shows the number of arrests of ex-combatants from 2013-2016 in each of the arrests’ types. The total
number of arrest in this period was 2,312.

By their nature, these kind of activities can not be developed in isolation. Drug trafficking
activities, organized crime, and illegal arms possession and trafficking are types of crimes that
can not be done by a single person. Their success depends on the collective participation of
5

This fact is in concordance with several accounts of returns to trafficking activities of former paramilitary.(FiP,
2017).
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co-offenders.
Another type of evidence that has been used to illustrate the social logic of crime has been to
look at the distribution of criminal activity and test whether there is evidence of over-dispersion
(Glaeser, Sacerdote, and Scheinkman, 1996) or even bi-modality (Gaviria, 2000) in the crime
distribution, according to which several offenders must have acted together. Figure 7 in the
appendix shows the densities or arrests rates across Colombian municipalities for different
years. In particular, the graph shows, for every year, the distribution of arrests for every 25 excombatants in each municipality. If we see a multi-modal distribution, this reflects the fact that
most places have few arrest (as expected) and a significant number of places have many arrests
(as argued in this paper), which suggests that many participants were involved in criminal
activities together.
Both the types of crimes and their distribution suggest that it is worth asking to what extent
do social connections affect participation in crime. I argue that ex-combatants are binded by
local economic conditions and by their social network. These factors can, and often, vary at a
local level and across individuals. I will start considering the decision to participate in criminal activities separating the relevance of economic shocks and social networks. I then explain
why these factors bind former combatants after conflict. I motivate these the hypotheses about
economic conditions and peer effects not only because they re the most prominent causes of
criminal behavior, but also because they provide policy relevant implications.

2.1

Economic shocks and crime

Several theories argue that the decision to enter into crime happens at the individual level,
affected by economic or psychological reasons, or the combination of the two. Since classical
studies like Becker (1968) to more recent studies such as Dal Bó and Dal Bó (2011), several scholars rely on opportunity costs arguments to explain criminal behavior. According to this explanation, individuals engage in criminal activities after a calculation of the cost and benefits, that
includes the opportunity costs of legal sector employment. Factors like unemployment, low
legal sector wages, and low levels of human capital can all increase the relative attractiveness
of crime. Accordingly, the logic of opportunity cost is the basis of most reintegration interven-
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tions in post-conflict countries. Gilligan, Mvukiyehe, and Samii (2013), Blattman and Annan
(2016).
How variations in economic conditions have an impact on civil conflict (Dube and Vargas,
2013) and crime (Dix-Carneiro, Soares, and Ulyssea, 2017) has been largely studied. There
are two main mechanisms through which economic shock can affect crime: local labor market
conditions such as employment rates and earnings, (Fougère, Kramarz, and Pouget, 2009; Lin,
2008) and public good provision (Levitt, 1995; Di Tella and Schargrodsky, 2004). Accordingly, I
consider the effect of the shock in labor intensive commodities that will be related with the first
mechanism (coca and gold), and a commodity that facilitates the provision of public goods for
the rents it generates for the municipalities (oil).
Paramilitary groups in Colombia were in control of several drug trafficking routes during
the war. In the country, the narrative posits that the paramilitary were more fundamentally
greedy, criminal, and revisionist, and that they therefore re militarized to make a grab at drugtrafficking routes and opportunities for financial gain.(Gutiérrez Sanín, 2008)6
Profits from drug trafficking and other illegal sources fueled recidivism of former fighters
and criminality. Coca production intensified since 2012 and several groups of former paramilitary have been involved in its trafficking, providing an economic opportunity for former combatants.() Besides coca production, illegal gold mining is another source of revenue for poor
and marginalized people.(WorldBank, 2009). The phenomenons is particularly relevant as illegal mining is widespread in Colombia. According to the 2010 Mining Census, over 63% of
mines do not have a permit. The economic activity is vulnerable for expropriation, so armed
organizations provide security along trafficking routes and at mines.() Consequently, a positive
shock to these commodities will vary the opportunity cost to participate in crime and make
illegal activities more attractive for ex-combatants.
Capital-intensive industries, like oil production, are visible and more easy to tax. Positive shocks to industries that generate government revenue increase state capacity to engage
in security and crime reduction campaigns. Additionally, oil companies engage in efforts to
protect their oil wells and pipelines by proving economic funds to local governments and the
6

This explanation is based on civil war scholarship that argues that non-state armed groups require substantial
financial revenues to purchase armaments, and maintain unity inside the organization. These groups attract opportunistic members that have little incentives to maintain peace (Weinstein, 2006).
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police.7 Consequently, observing a positive shock in government revenue and state capacity,
ex-combatants are likely to recognize the reduced value of criminal activities and move away
from them.

2.2

Social Networks and delinquent behavior

In contrast to the individualistic economic explanation, several scholars in sociology and criminology underscore the effect of social networks in crime decisions (Warr, 2002; Papachristos,
2014). According to this explanation, individuals participate in criminal activities as a result of
the interaction with other delinquents. Such approach suggests that delinquents have friends
that have participated in crime, and social ties are means of influence to commit crime (Sarnecki, 2001). In the same vein, since the seminal work of Glaeser, Sacerdote, and Scheinkman
(1996), recent theoretical approaches in economics relate crime to social networks. Ballester,
Calvó-Armengol, and Zenou (2006) and Patacchini and Zenou (2008) find that, in fact, crime
and delinquency are related to positions in social networks.
All these studies suggest that properties of peer associations should be taken into account
to better understand social pressure on delinquent behavior in the aftermath of conflict and to
inform delinquency-reducing policies of ex-combatants. The reason to focus on wartime peers
is twofold. First, recent empirical evidence shows that different aspects of the social connections of an ex-combatant are important in explaining recidivism. Second, wartime bonds are
one of most important social networks of ex-combatants following demobilization and during
reintegration.
Although reintegration paths diverge, former combatants have in common a set of ’weak
ties’: former partners.8 It is well known that former combatant keep their wartime identity
as members of their fighting groups long after demobilization (Daly, 2016; Themnér, 2015).
This kind of social network is important among ex-combatants for several reason: combatants
develop social ties with peers as militancy requires that they break social contacts with families,
creating a separation between civilian and military life; in many instances, combatants reinforce
7

Wright (2015) shows how during the conflict some of the oil companies funded the military to protect their wells,
with the consequence of shifting rebel tactics from conventional to irregular.
8
This is a feature of a collective demobilization and not necessarily true for individual demobilization and deserters. Cardenas, Pérez, and Triana (2016); Oppenheim et al. (2015).
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bonds during war by socialization, the intense experience to exposure to violence, and social
contact over long periods of time in small unit settings (Wood, 2008; Daly, 2016; Daly, Paler,
and Samii, 2017).
Former ex-combatants remain an important source of information and even if these are not
‘strong’ connections as family and friend could be, their relevance is prove differently. Granovetter (1977, 2018) argued that weak ties are superior to strong ties for providing support in
getting a job.9 More importantly, Patacchini and Zenou (2008) show that weak ties are positively related with criminal activities. Criminals transmit valuable information about criminal
opportunities to potential accomplices.10 In other words, networks of criminals amplify delinquent behavior. A critical aspect of collective participation in crime is the transmission of information about job opportunities(Warr, 2002) Therefore, as acquiring information about criminal
opportunities are transmitted through criminal friends, an increase in the level of activity of
peers increase participation in criminal activities.

2.3

The long path for the reintegration of ex-combatants in Colombia

The Colombian conflict has affected every region of the country. Left-wing guerrillas, rightwing militias, and drug-trafficking related groups proliferated in the country during the 1980s
and 1990s (Romero, 2003). The paramilitary groups were born as a reaction from the landowning elite, drug barons and political class to the growth of rebel groups, (Medina Gallego, 1990;
López and Martínez, 2010) and were the main responsible group for war atrocities during a
conflict that left over 220,00 dead and displaced more that 4.7 million (CNMH, 2013). There
were more than 50,000 registered ex-combatants with the Colombian Agency of Reintegration
(ACR) in 2016.
Negotiations to end the paramilitary militias’ violence began in the middle 2000s, and led
to the formal demobilization of around forty illegal non-state armies, mostly from the rightwing paramilitary groups. Specifically, after negotiations with the government of Álvaro Uribe,
31,671 members of the Autodefensas Unidad de Colombia (AUC) collectively demobilized by
9

According this argument, neighborhood based close networks were limited in getting information about possible
jobs.
10
This process is more effective when information about criminal opportunities comes from a more experienced
criminal (Weaver and Carroll, 1985).
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2006.11 The process was criticized for the inflated number of demobilized and continued use of
violence by several fractions after according to the agreement (Duncan, 2006).
The militia organizations that composed the AUC showed considerable divergence in their
post-conflict trajectories (Daly, 2016). With an ongoing war between the government and
other organizations, roughly half of the former factions re-militarized while the other half demilitarized. When re-militarized, units revived former organizational apparatus to carry out
targeted coercion, massacres and other forms of sophisticated criminality. When not, some
units tend to remain involved in criminal dealings and illicit markets, while many others organized as social and political entities with some leverage over civilian affairs.
After many years, and even with the support of the government thorough the Colombian
Agency for Reintegration (ACR)12 , the daily life of an ex-combatant in Colombia has many
difficulties. Low levels of education, few skills and limited social contacts, many of these individuals struggle with reintegration.

13

Specially in recent years with the peace negotiation with

the rebel group FARC, the expansion of coca production to the highest historical peak (Garzón
and Llorente, 2018),14 and the proliferation of criminal bands (FiP, 2017),0 the possibilities of
committing crime or returning to an armed group are left open.
The Colombian case is also ideal for studying local shocks to income growth and state
strength. Dube and Vargas (2013) investigate plausibly random shocks to municipal-level income from coffee and oil production, induced by changes in world market prices and supply.15
Their study presents evidence linking income growth in coffee with increased wages and hours
worked, and rising oil productivity and prices with municipal-level capital revenue gain. Although several studies correlate oil windfall with state failure (Ramsay, 2011), in Colombia
royalty institutions exist to redistribute income gains back to oil-producing municipalities and
these gains substantially influence municipal wealth.
Therefore, the increasing presence of criminal bands, combined with the recent peace process that disarmed thousands of ex-combatants, makes the study of the implications of wartime
11

Individual demobilization continued until 2012 as not all units demobilized in 2006.
after the peace process with the FARC, the name of the agency changed to Agencia para la Normalización y Reincorporación.
13
According to the ACR and the Police, more than 3,000 have been killed between demobilization and 2014.
14
According to the Office of National Drug Control Policy (ONDCP), coca cultivation in Colombia continued the
upward trend reaching a historic record of 188,000 hectares in 2016.
15
Wright (2015) also studies shocks to this commodities but focus on rebel strategies.
12
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legacies on recidivism and criminality in Colombia particularly relevant.
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A Simple Model of Criminality as a Social Process

Building on the literature on network games (e.g., Ballester, Calvó-Armengol, and Zenou
(2006), Bramoullé, Kranton, and D’amours (2014), Calvó-Armengol, Patacchini, and Zenou
(2009)) I now present a simple game-theoretic model of the participation in criminal activity.
The model tries to capture peer effects with a network that reflects the collection of active bilateral influence.
All individuals in the model simultaneously choose their level of effort in criminal activity
to maximize their payoff, which is a function of the relative cost and benefits of this activity.
The cost and benefits of the activity are determined by several factors affecting the individual, like variation in labor opportunities or state capacity in their municipality. Additionally,
individuals are connected though a social network.

Network Structure
Individuals are connected to each other through a social network. The social network reflects
the fact that individuals share information about economic and criminal opportunities and
were connected during the conflict.
Let i denote an individual and G be an n×n matrix with entries gij = 1 if two ex-combatants
belonged to the same unit and where assigned to the same position during the conflict, and
gij = 0 otherwise. In other words, the matrix g denotes the symmetric matrix with entries gij
representing the presence of a link between two ex-combatants. The matrix g represents the
set of ex-combatants connected to i, which will be the set of ex-combatants that were wartime
peers during conflict.16
16
In the analysis these are the wartime peers of i, though I also try alternative definitions of the set g(i) as described
below.
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Preferences
In each period t, individuals indexed by i are choosing a level of criminal effort, yi ∈ R+ . The
payoff of a player i is function of the action profile and network.:

uit (yt , gt ) = ait yit −

X
bit 2
yit + wij
gij yit yjt .
2
j6=i

(1)

Where ait ≥ 0, bit ≥ 0. Note that the utility is concave in own decisions, and displays
decreasing marginal returns on own effort levels. Bilateral influences are captured by the following cross derivatives, for j 6= i:
∂ 2 yit (yt , gt )
= wij nij
∂yi ∂yj
When i and j are wartime peers, the cross derivate is wij > 0 and reflects strategic complementarity in crime efforts. When i and j are not direct friends, the cross derivative is zero. If the
opposite holds, then we have a situation where others’ criminal effort reduces attractiveness for
you to exert effort.
The first two terms of (1), ait yit − b2it yi2 give the benefit and costs of providing the action level
yit . This captures local economic conditions and varies with respect to labor and state capacity.
The last term of this utility function,

P

j6=i wij yit

reflects the strategic complementarity between

friends’ and connections’ actions and own action. This peer effect depends then on the different
number of neighbors and location of players in the network g. When agents are in isolation
and g is empty, all agents choose the same optimal effort that depends on the first two terms.
Otherwise, agents’ equilibrium efforts depend on the pattern of influences reflected in g and
the intensity of such bilateral connections,captured by wij .
Given that the complementarity is based on links to peers, having more peers ejecting effort
increases one’s efforts decision at equilibrium. Criminal efforts thus generally differ across
agents, in a manner that reflects the heterogeneity in peers ties.
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Analysis
The preferences of agent i in the network nij are given by (1). At equilibrium, each agent
maximizes his utility. The corresponding first-order conditions are:
X
∂uit (yt , gt )
= ait − bit yit + wij
gij yj = 0
∂yit
j6=i

The first order condition implies the following equilibrium best response for individual i:

yit =

ait X wij
+
yjt ,
bit j6=i bit

(2)

where the second term on the right-hand side captures the effects of social interactions
among members of a group.
The next results draws on Ballester, Calvó-Armengol, and Zenou (2006) that establish that
establish that a network game with quadratic payoffs and strategic complementarities the equilibrium levels of actions (3) can be written as
y∗ = (I −

w −1 a
g)
I,
b
b

(3)

The unique and interior Nash equilibrium in pure strategies is given by Equation 3. Allowsh
(2015) has analyzed a variation of this game, determining its unique Nash Equilibrium in pure
strategies and providing a complete proof of the solution: The first step ensures that (I −

w
b g)

is invertible and the solution is nonnegative. Second, the equilibrium levels are given by 5. As
a result, the Nash Equilibrium is unique and each yi is interior.17
17

This equation is very similar to the Katz prestige and Bonacich centrality measures. It is worth noting that in the
utility function the interdependence of action is restricted to neighbors, while in equilibrium it spreads indirectly in
the whole network. Ballester, Calvó-Armengol, and Zenou (2006), Bramoullé, Kranton, and D’amours (2014), CalvóArmengol, Patacchini, and Zenou (2009) then look at network formation and the role of central figures. In contrast,
I consider here fixed networks and heterogeneous best responses. In the next section I consider the propagation of a
shock to the opportunity cost of one player.
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Economics shocks and wartime networks
I take the structure of the social network as fixed and focus on the best response. Suppose that
the personal cost-benefit ratio represented in the first term of the best response in (2) is subject
to variation in measured and unmeasured factors at both the individual and the group level:
H
X
ai
=
xhi ηh + αg + τt + igt .
bi
h=1

(4)

Where (xhi ) is a set of H variable accounting for municipality characteristics that are observed for each individual, αg and τt denote the full set of group and year fixed effects, and igt
represents the unobserved heterogeneity. The municipality characteristics reflects the economic
conditions for each individual.
The best response depends, for each agent, on the labor and economic conditions accessible
for them. In particular, each agent is susceptible to exogenous variations in labor conditions
that may affect the economic opportunity cost to participate in criminal activities. Consider, for
example, an increase in the revenue for participate in the illegal and legal activities.
Now, suppose that the scaled weights, wij /bigt , that captures the intensity of the bilateral
influence between connected peer follow:


 0

wij
=
bigt 
 P

if gij = 0
β
g
j6=i ij

if gij = 1

.

(5)

When i and j are directly linked, i.e. g(i, j) = 1, the peer effect is captured by the factor β.
This is a common approach to study bilateral influence in which the best response depends on
the average level of effort of the peers connected to the individual.
Together, equations (4) and (5) presents the parameters that affect an individuals’ equilibrium best response. The aim of the empirical sections is to identify these parameters and capture the effect of local economic conditions and peers activity on own effort. The following
sections describes the data and empirical strategy.
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4

Data

Table 1 shows the descriptive statistics of the main variables of interest. The information about
the population of former paramilitary in Colombia comes from three different sources.
First, a survey of ex-combatants conducted by the Agencia para la Reincorporación y la
Normalización (ARN) provides information on several demographic and control variables that
I use throughout the analysis. I have information for the entire population of paramilitary that
initially demobilized, which amounts to over 20,000 individuals. Importantly, the survey contains information about the sub-unit inside the big structure of the paramilitary organization
to which each ex-combatant belonged before demobilization. This allows me to identify which
individual belonged to which sub-unit.
To know which position they had during the conflict, I use information from the survey
of the International Organization for Migration (OIM) about participation in the conflict. The
survey has information about the position inside the organization of 16,761 ex-combatants. The
Autodefensas Unidas de Colombia (AUC) had 41 units at the time of demobilization. Inside
these units each ex-combatant belong to a recognized position such as foot soldier, commander,
nurse, cooker, etc.18
Using both sources of information I construct the links between all the individuals in my
sample. Two individuals are considered to be link if they shared the same position, in the same
sub-unit for at least a month during the conflict. This way of capturing the wartime connection
is based on interviews and ex-combatants’ recollections about the most important connections
during the conflict.
The outcome is measured using administrative data on criminal activities of ex-combatants,
and it comes from the National Police and the Attorney General Office. In contrast to other
studies, I do not rely on perceptions, opinions or self-reported participation in criminal activities and instead I construct a behavioral indicator of criminality. I determine that a respondent
has engaged in illegal behavior if they have been arrested, either as a result of an investigation or in flagrance. I have information on the number of monthly captures fro crimes of excombatants and about the type of crime, the location, and the date of the arrest. In the analysis
18

Table A1 in the appendix shows all the recognized positions.
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Table 1: Descriptive Statistics
Variable
Panel Variables
Number of arrests
Number of flagrant arrests
Municipal Variables
Manual Coca Eradication, Hectares
Air Coca Eradication, Hectares
Coca Production, Hectares
Length of oil pipe lines, km
Number of Illegal gold mines
Annual Variables
Log market coca price, COP per KG
Log global oil price, USD per barrel
Log global gold price, USD per
Ex-combatant Variables
Age
Children
Relatives
Socio-Economic stratum
Age joined AG
Months in AG
Year Education

Obs

Mean

Std. Dev.

67,042
67,042

0.048
0.023

0 .23
0.16

1092 89.29
1092 131.58
1092 60.22
1092
0.24
1092 34.94

358.96
856.18
288.06
0.58
62.38

4
4
4

15.37
4.08
7.15

0 .027
0 .38
0.16

16,761
16,761
16,761
16,761
16,761
16,761
16,761

37.40
1.22
2.82
1.34
24.24
39.51
9.19

7.54
1.31
1.63
0.63
7.66
33.47
3.66

I consider both the total number of arrests and the flagrant arrests.
I use an indicator of whether ex-combatants were captured for crimes during the period
of study along with the dates of the last crime they committed. Figure 1 displays the distribution ot crimes among former ex-combatants and the type of crimes for which individuals
were last arrested according to the articles of Colombia’s penal code. The highest categories
of crimes are for illegal arms possession and trafficking, drug possession and trafficking, and
homicide/disappearance.
I have cross-sectional information on different types of economic activities that will allow
me to construct a treatment variable that will capture the opportunity cost of entering into
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conflict: coca production, oil and gold. The municipal level information on coca production
comes from the UNDOC. The UNDOC measures coca production at the municipality level in
Colombia, as well as international and local coca prices. Data on eradication is based on the
CEDE database of Universidad de los Andes. It measures the number of hectares of eradicated
coca in 2007. The data on oil production comes from Dube and Vargas (2013). The data on
illegal gold mines comes from the mining census of 2010.
Illegal mining is widespread in Colombia. According to the 2010 Mining Census, over 63%
of mines do not have a permit. Given that illegal mining is a significant source of source of
revenue for poor and marginalized people (WorldBank, 2009), the analysis takes the legality of
mining into account. I count the number of illegal gold mines in a municipality based on the
census.
The time-varying dimension of my treatment variable will be the changes in international
prices of each of the commodities. The idea is that an increase in the price of cocaine, for
example, will affect incentives to join the illegal chain of production vis a vis entering the formal
labor market.
Importantly, ex-combatants are spread all over the country, and relocate constantly. Figure 5
shows the distribution of the number of connections that expand across municipalities. As can
be seen, ex-combatants that have several wartime peers living outside their own municipality.

5

Empirical Strategy

The identification of these peer effects within social networks is challenging for several reasons.
First, if we are interested in the effect of a ex-combatant j’s criminal behavior on the criminal
behavior of a ex-combatant i to whom j is connected, we may be affected by a ’reflection problem’ (Manski, 1993). “[a] problem that arises when a researcher observing the distribution of
behavior in a population tries to infer whether the average behavior in some group influences
the behavior of the individuals that comprise the group. (p. 532)” In other words, if we observe a correlation in their criminal behavior, it is possible that this is either because j’s effort is
affecting i’s effort, or vice versa.
A second problem is that of common shocks. Specifically, unobserved shocks might affect
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the behavior of ex-combatants who are connected, and might be the underlying reason for the
observed correlation in their behavior. We might wrongly attribute a change in i’s behavior to
j, when in fact both are being affected by the same shock.
To discuss the identification problems and the strategy for dealing with them, let us substitute for (4) and (5) into (2) to obtain the equation I will estimate in the empirical work.
This parameterization gives rise to a linear-in-means model (Kline and Tamer, 2018; Graham
and Hahn, 2005) in which individual effort is linear in average levels of effort.
yigt = Egt [yigt ]β + x0igt η + αg + τt + igt .

(6)

Following the previous characterization g indexes the groups (that is, the networks within
which social interactions take place), t indexes time periods, and i indexes individuals. xigt
are the observed variables that explain variation in the individual cost-benefit ratio. Let igt be
individual-level error, αg a group fixed effect, and τt a time period effect.
The parameter of interest is β in (6) , which measures the social interaction effects in terms
of mean levels of effort of co-members of a group.
The reason to include the group and period effects in (6) is that Egt [yigt ] varies by group
and period level. So we have the potential for confounding with respect to other group- and
time-level variables, which are captured by αg and τt .
The social equilibrium in Manski (1993) is given by:
Egt [yigt ] = Egt [x0igt ]

η
αg
τt
+
+
.
1−β 1−β 1−β

Suppose that this equilibrium holds for the observed data in each period t. Then substituting
back into the individual level model, we have,
yigt = Egt [x0igt ]θ + x0igt η + αg∗ + τt∗ + igt ,

(7)

where
θ=

βη
,
1−β

while αg∗ and τt∗ are the rescaled group and time effects. If we can (1) identify coefficients on
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Egt [x0igt ] and xigt and (2) partial out the group and time effects, then we can back out β, which
is the social interaction parameter of interest:

β̂ =

θ̂
θ̂ + η̂

.

In the main analysis, the outcome of interests, yi,g,t , measures the number of arrests by individual i of group g in year t. The conditions that are sufficient to identify β are the following. First,
to identify coefficients on Egt [x0igt ] and xigt we need that Egt [x0igt ] and xigt are not confounded
with respect to igt . We also need that Egt [x0igt ] and xigt are not perfectly collinear. We obtain
this with the variation in xigt , which is equivalent to the effect of each shock, within the groups
indexed by g.
The treatment variable for the individual level effect is the price of the commodity interacted
with the intensity of its production at the municipality of residence of i in year t. In the case of
coca, the shock is the interaction of the coca price with the number of eradicated hectares of coca
in the municipality in 2007. In the case of gold, the shock is the interaction of the international
price of gold with the number of illegal gold mines in the municipality as reported in the 2010
mining census. Finally, in the case of oil, the shock is the interaction of the international price
of oil with the length of the pipelines in the municipality of residence of each individual in
2000. Since Colombia is not a major international producer of gold or oil, international gold
and oil prices are plausibly uncorrelated with changes in domestic production, which may
be associated with criminality. The measure of coca intensity of predates the first year of my
sample. I proxy coca cultivation with the total eradicated hectares in each municipality in
2007.19 While the output of coca produced by Colombia can arguably change the international
price of cocaine paste, it is unlikely that the number of arrests of a specific group, such as the
ex-combatants, alters the production level of the whole country. The following specification
presents how I use the price shock in Equation (7):
19

Mejia and Restrepo (2013), Wright (2015) and Reyes (2014) provide evidence that the level of eradication corresponds to the intensity of cultivation, and depends on several characteristics such as security escorts (helicopters),
cloud cover, precipitation and windspeed.
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yigt = (P ricet × Intensityig ) η + Egt [(P ricet × Intensityig )] θ + αg∗ + τt∗ + igt ,
|

{z

Price Shocki,t

}

|

{z

Mean Group Schokgt

(8)

}

To partial out the group and time effects, I can take advantage of the panel data and include
group and time fixed effects. For reasons of robustness with fixed effects models, I use ordinary
least squares to estimate the parameters, and then the delta method for inference on β̂. That is,
I compute estimates and standard errors for a combination of the parameters estimated in the
main specification.

6

Results

Table 2 presents the results for the individual and peer-effects of the illegal gold shock. Column
1 shows the result of the estimation for total number of arrests while Column 2 shows the results for Red-handed (Flagrant) arrests. The results show the standarized coefficients including
group and time fixed effects. The economic shock is given by the interaction of pre-treatment
number of illegal gold mines and the natural logarithm of the international price of gold in
Colombian pesos.
The results are consistent with the theoretical predictions. It shows that an increase in returns of illegal gold minning increases criminality among ex-combatants. More importantly,
there is a significant effect of wartime peers’ criminality on individual effort. An standard
deviation increase in the average criminal activity of an ex-combatant’s group , increases his
criminal activity by allmost one standard deviation (around 3.9%). The results are similar for
red-handed arrests

Table 3 presents the standardized results for the individual and peer-effects of the coca
shock. Column 1 shows the results of the estimation for total number of arrests while Column
2 shows the result for Flagrant arrests. Group fixed effects, year fixed effects and linear trends
by region are omitted. The economic shock is given by the interaction of the pre-treatment
levels of coca eradication and the natural logarithm of the international price of coca paste in
Colombian pesos.
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The results show that when the price of cocaine paste increases in municipalities that produce more coca, the ex-combatant is more likely to be arrested, and more likely to be arrested
given that others in his network are exerting more effort in criminal activities.
The results are in line with the theoretical implications of the formal model. It shows that a
standard deviation increase in the price of coca is associated with more participation in criminal
activities, and that the activity of peers, as measured by arrests, also increases criminal activity.
The interpretation is also consistent with abundant anecdotal evidence. Since contracts can
not be enforced, the illicit drug trade industry requires a lot of trust. For this reason, producers
and traffickers rely on well known, pre-existing social networks. Therefore, the industry mostly
draws from networks made up of ex-combatants, who have skills associated to the production
and distribution of drugs and are trusted by the leaders.

Table 4 presents the results for the individual and peer-effects of the oil shock. The treatment
here is the interaction of the length of pipelines in the year 2000 and the international prices of
oil. Column 1 shows the results of the estimation for total number of arrests while Column
2 shows the result for Flagrant arrests. In this case an increase in the price of oil does not
reduce the level of criminal activity. However, there is suggestion that participation in crime
due to a change in oil prices reduces the peer effect. A possible interpretation of this effect is
that, because wages are going down, given that returns to capital are increasing, people are
turning to criminal activities to supplement income. However, the kind of activities that they
are likely to get involve does not require the collective participation of other ex-combatants,
nor the relationship of trust the characterizes other types of criminal activities, like those of
trafficking and smuggling of minerals.
Table 4 presents the results for the individual and peer-effects of the illegal gold shock. The
gold shock is constructed using the total number of gold mines without licenses as recorded
by the 2010 Mining Census and the international price of gold. Column 1 shows the results of
the estimation for total number of arrests while Column 2 shows the result for Flagrant arrests.
Again, both estimations include municipality fixed effects, time fixed effects and regional linear
trends that are not shown in the table.
The results in 4 are also consistent with the theoretical predictions. It shows that an increase
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in returns of illegal gold mining increases criminality among ex-combatants. More importantly,
there is a significant effect of wartime peers’ criminality on individual effort.

7

Counter-factual Experiment

What would be the effect on criminality of a policy that directly tackles the peer effects and
reduce the dependency on wartime connections? What would have been the effect of the economic shock if it had not been transmitted though the criminality of other members of the
group? To answer these questions I perform a counter-factual experiment in which I look a the
predicted values of arrests estimated in the previous exercise when we reduce the peer effect to
different values.

Figure 2: Predicted values of arrests under actual and counter-factual conditions

Figure 2 shows the difference in the predicted values of Equation 8 when we reduce β, the
peer effect, to 50%.20 The red line represents the predicted values of arrests for Equation 8. The
20

The appendix contains the counter-factual experiment for the coca effect.
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red line represents the predicted values when we look at the difference between the predictions
and × . The predicted difference in the number of arrests when we reduce the peer effect to
50% is 4%. This is a noticeable implication of the study as the reduction in crime is due to
the reduction of peer effects even when the economics factors were the same under the two
conditions.

8

Conclusions

This paper study the social logic of recidivism. I argue that networks facilitate delinquent
behavior and that this is particularly important when we study the reintegration path of excombatants for several reason. Given the time spent in military life, ex-combatants may rely
on wartime connections for many different activities. These connections are not necessarily the
primarily and strong ties that they hold as civilians, but mostly weak ties that help them to
know economic, job and crime opportunities. Therefore, ex-combatants are likely to be affected
by the activities of these connections.
I show that economic shocks that increase the returns for criminal activity increase the participation of not only the ex-combatants directly affected by the shock, but also those that were
together during the conflict. I studied shocks alter labor conditions via coca or gold production,
and therefore the individual incentives to participate in crime activities. I also study shocks that
increase state capacity and therefore reduces the incentive to participate in illegal behavior. I
find that the income shock that affects labor conditions spreads to other members of the network while the shock that affects state capacity does not.
This study highlights the relevance of weak ties for criminal behavior in general and for excombatants in particular. Given the isolation and almost exclusive reliance on wartime network
of former combatants, policy maker should pay more attention to the social component of criminality among this population. Future policies that tries to address recidivism and participation
in crime of former combatants should directly address the composition of the networks.
Additional work will also look at the mechanisms that could potentially explain why
wartime connections are related to participation in criminal activities. Potential explanations
include peer pressure, social status, and responsibility diffusion. All these channels can poten-
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tially be studied with a survey that capture the relevance of these factors, and further evidence
of wartime connections after reintegration.
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Table 2: Individual and group effect of Gold Shock
(1)
(2)
Arrests Red-handed Arrests
Effect of Economic shocks
Gold Effect, η̂

Average Gold Effect Group, θ̂

0.0053***
(0.0012)

0.0039***
(0.0017)

0.115**
(0.0377)

0.498**
(0.113)

Effect of peers’ criminal activity
β̂
0.9553***
(0.0171)
49,043
Y
Y

N
Group FE
Time FE

0.9921***
(0.0029)
49,043
Y
Y

Standard errors in parentheses
+ p < 0.10, * p < 0.05, ** p < 0.01, *** p < 0.001
Standardized coefficients clustered at the group level.
Each column shows the results for different types of arrests. The
first row, the gold effect or η, shows the effect of one standard deviation in the the price shock on the number of arrests as specified
in Equation 8, the price shock is the interaction of the natural logarithm of the international price of gold in Colombian pesos with
the number of illegal gold mines in the municipality for each year.
The second row, θ, shows the effect on arrests given by the average
price shock of the members of the group. The third row, β, shows
the effect of the average peer’s criminal activity measured as the
number of arrests.
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Table 3: Individual and group effect of Coca Shock
(1)
(2)
Arrests Red-handed Arrests
Effect of Economic shocks
Coca Effect, η̂

Average Coca Effect Group, θ̂

Effect of peers’ criminal activity
β̂

N
Group FE
Time FE

0.00028
(0.0013)

0.0012
(0.0012)

0.1976
(0.290)

0.1505
(0.300)

0.9985**
(0.0065)

0.9920**
(0 .0180)

50,099
Y
Y

50,099
Y
Y

Standard errors in parentheses
+ p < 0.10, * p < 0.05, ** p < 0.01, *** p < 0.001
Standardized coefficients clustered at the group level.
Each column shows the results for different types of arrests. The
first row, the coca effect or η, shows the effect of one standard deviation in the the price shock on the number of arrests as specified
in Equation 8, the price shock is the interaction of the natural logarithm of the international price of coca paste in Colombian pesos
with the number of hectares of coca cultivation in the residing municipality for each year. The second row, θ, shows the effect on
arrests given by the average price shock of the members of the
group. The third row, β, shows the effect of the average peer’s
criminal activity measured as the number of arrests.
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Table 4: Individual and group effect of Oil Shock
(1)
(2)
Arrests Red-handed Arrests
Effect of Economic shocks
Oil Effect, η̂
(1 sd)

-0.00218
(0.0150)

-0.00510
(0.0142)

Oil Effect Group, θ̂
(1 sd)

0.00662
(0.0130)

0.00341
(0.00992)

-0.4917
(4.372)

3.01795
(14.001)

48923
Y
Y

48359
Y
Y

Effect of peers’ criminal activity
β̂

N
Group FE
Year FE

Standardized coefficients clustered at the group level.

Standard errors in parentheses
+ p < 0.10, * p < 0.05, ** p < 0.01, *** p < 0.001
Standardized coefficients clustered at the group level.
Each column shows the results for different types of arrests. The
first row, the oil effect or η, shows the effect of one standard deviation in the the price shock on the number of arrests as specified
in Equation 8. The price shock is the interaction of the natural logarithm of the international price of oil in Colombian pesos with
the length of oil pipeline in the residing municipality for each year.
The second row, θ, shows the effect on arrests given by the average
price shock of the members of the group. The third row, β, shows
the effect of the average peer’s criminal activity measured as the
number of arrests.
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Figure 3: Location of criminal activity of ex-combatants
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Figure 4: Mean numbers of arrests by position in wartime unit
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0.06

Figure 5: Distribution Number of Connections in Different Municipalities
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Table 5: Units of the Paramilitary Association Autodenfensas Unidas de Colombia - AUC

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36

Name of the War Sub-unit Inside AUC group

Number of
Ex-combatants

Autodefensas Campesinas de Meta y Vichada
Autodefensas Campesinas Magdalena Medio - Puerto Triunfo
Autodefensas Campesinas Magdalena Medio - Puerto Boyacá
Bloque Central Bolivar - Mártires de Guaquita
Bloque Central Bolivar - Nordeste Antioqueno
Bloque Central Bolivar - Sur de Bolivar
Bloque Central Bolivar - Sur del Putumayo
Bloque Central Bolivar Vichada
Bloque Andaquies
Bloque Bananero
Bloque Cacique Nutibara
Bloque Calima
Bloque Catatumbo
Bloque Centauros
Bloque Cordoba
Bloque Cundinamarca
Bloque Elmer Cardenas - Necocli
Bloque Elmer Cardenas - Turbo
Bloque Elmer Cardenas - Ungia
Bloque Heroes de Granada
Bloque Heroes de Montes de Maria
Bloque Heroes de Tolova
Bloque la Mojana
Bloque Libertadores del sur
Bloque Mineros
Bloque Noroccidente Antiqueno
Bloque Norte - El Copey
Bloque Norte - La Mesa
Bloque Pacifico - Heroes del Choco
Bloque Resistencia Tayrona
Bloque Sur del Magdalena
Bloque Suroeste Antioqueno
Bloque Tolima
Bloque Norte - Hector Julio Peinado
Heroes del Llano y Guaviare
Vencedores de Arauca

375
552
649
250
917
1,423
218
155
310
127
267
317
681
666
458
295
158
257
367
778
302
242
58
288
1,437
120
1,275
1,432
195
677
33
51
130
154
800
341
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Percentage

2.2
3.29
3.87
1.49
5.47
8.49
1.30
0.93
1.85
0.76
1.59
1.89
4.06
3.97
2.73
1.76
0.94
1.53
2.19
4.64
1.80
1.44
0.35
1.72
8.58
0.72
7.61
8.55
1.16
4.04
0.20
0.30
0.78
0.92
4.77
2.04

Figure 6: Variation in oil, gold and coca production
Coca Manual Erradication (2007)
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Hectares of coca (erradicated) in 2007
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Figure 7: Densities of Arrests Rates across Colombian Municipalities
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