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Abstract

I gather panel data on armed actors in 650 locations of Eastern Congo to explain the
emergence and trajectories of Tilly (1985)’s essential functions of the state. A demand shock
for coltan, a bulky commodity, leads violent actors to organize monopolies of violence, tax
output, and provide protection at coltan-producing locations. A similar shock for gold, which
can be concealed to avoid taxes, does not. Instead, it leads armed actors to form monopolies
of violence in the villages in which gold miners spend their income, and to introduce con-
sumption and wealth taxes, as well as fiscal and legal administrations to reduce evasion. This
process benefits the population, only if such functions are embodied by a popular militia.
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1 Introduction

Economists typically presuppose environments where property rights and contracts are enforced

by the state. States, however, begin to form late in the historical process of development. Through

their deterrent effect on expropriations, states have the potential to create economic growth (Bates

et al., 2002, Grossman, 1999, Hirshleifer, 1995, Michalopoulos and Papaioannou, 2013).1

But what are the origins of the state? Social science and historical research suggests that the

precursors of today’s states were created through coercion by violent actors who aimed to extract

revenues from human populations (Carneiro, 1970, Claessen and Skalnik, 1978). A dominant

view is that states are, in essence, a coercion-wielding organization, idealized as a “monopoly of

violence” (Olson, 1993, Tilly, 1985, Weber, 1946). However, one fundamental fact has limited the

scholarship on state formation: as the etymology of the word indicates, statistics were first created

by states (Scott, 1999). Thus, while archaeological and historical documentation have produced

rich data on particular experiences of state formation, there is no systematic data that allow

comparing across different experiences the origins of states using formal statistical inference.2

The Democratic Republic of the Congo (DRC) offers a suitable testing ground to address this

empirical challenge. The central state has largely withdrawn from large areas of the territory,

leaving a state vacuum and allowing hundreds of varied armed organizations to set their own state

1Social scientists sometimes link state formation to the “Great Transformation” because of the prosperity and
the reduction of violence it brought about (Bates, 2011, Polanyi, 1944). Following a similar logic, Grossman (1994)
writes that: “Throughout history the responses of human societies to the problems of distributing property and
of allocating resources between productive and appropriative activities probably have had greater consequences
for welfare than have their responses to the problem of allocating resources among different productive activities
taking property as given, which is the problem on which economic analysis traditionally has focused.”

2Mexico’s Oaxaca Valley prior to 200 A.D., ancient Titicaca, and Polynesia in the turn of the 19th century
are examples of well-documented pristine/early state formation (Flannery and Marcus, 1996, 2012, Stanish, 2003).
Keeley (1996), Kelly (2000), and Claessen and Skalnik (1978) gather existing evidence across cases of stateless
societies and early states. The archaeological nature of the data nevertheless hampers our ability to make confident
claims about the causes of state formation. Flannery and Marcus (1996) argue: “Monte Alban I was a society in
transition from chiefdom to state, and cannot easily be fitted into one of these two evolutionary stages. Ecological
functionalists could argue that Monte Alban’s great need for maize to feed its urban population made the subjuga-
tion of the entire Valley of Oaxaca necessary. Selectionists could argue that the “competitive advantage” conferred
by Monte Alban’s large size made it likely that it would eliminate all competitors. Action theorists could argue
that a series of aggressive Monte Alban rulers, like Hawaii’s Kamehameha, fought relentlessly to subdue the rest of
the Valley of Oaxaca.” Flannery and Marcus (1996) also document that archaeological evidence often cannot reveal
information on key outcomes, such as battles for conquest: “It can be difficult to distinguish between colonization
and conquest, since a battle is one of the hardest events to document with archaeological evidence,” and “even in
regions subdued by force it might require incredible luck to find archaeological evidence for a battle.” This has
led scholars of the early state have to conclude that systematic disaggregated data is a major constraint to their
field: “Consideration of the political economy of early states is urgent, but one reason it has been neglected is that
information on it is so poor” (Southall, 1991).
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formation process in motion since 1990. While they often use violence in seemingly arbitrary ways,

the armed organizations sometimes establish monopolies of violence in well-defined territories,

provide protection, raise taxes, administrate territory, and at times even have more legitimacy

than the Congolese state itself.3 I take advantage of the presence of these processes and, as

a foundation for this study, manage data collectors in 650 locations of eastern DRC in order to

assemble a yearly panel data set on the formation of monopolies of violence, taxation, and property

rights protection deployed by violent actors since 1995.4

Using the data I assembled, I generate econometric evidence on the origins of monopolies of

violence, protection, taxation, and administrative capacity, in an attempt to recover the causes

and trajectories of the state formation process. Drawing on the theory of optimal taxation, I

suggest that if violent actors form monopolies of violence in order to tax, the choice to form a

monopoly of violence in one location must depend on the potential tax revenues in such location.

The key insight is that the value of output increases the returns to forming a monopoly of violence

in the location where such output is produced, especially so if output can easily be taxed. To

establish a causal relationship, I exploit a positive demand shock for columbite-tantalite (coltan),

a bulky mineral whose output is easy to tax, and compare the change in behavior of violent actors

in locations endowed with coltan to the change in behavior of violent actors in other mining and

agricultural locations. In the year 2000, innovations in the video-games industry led the demand

for coltan to skyrocket, and its world price rose abruptly from $90 per kilogram to $590 per

kilogram for the entire year, before collapsing over Christmas.5 To test whether the effect of

the shock works through higher potential tax revenues for armed actors, I use a similar positive

demand shock for gold, whose output, easy to conceal, is very difficult to tax. September 11th and

the 2001-2002 global recession led investors to rush to gold, causing its price to rise sharply.

3See United Nations Security Council (2002), Nest et al. (2011), Sanchez de la Sierra (2016), Stearns (2011),
Verweijen (2013), Stearns (2013), Stearns and Vogel (2015), and the RRMP reports.

4Eastern Congo is well-suited to study the first steps of state formation; the DRC is considered a “failed state.”
(see: Fund For Peace (2013)). Several authors have recently challenged the term failed state for DRC, arguing that
actors on the ground systematically refer to the state, use the language of the state, and the rebel groups fight for
inclusion into the central state military networks of rent-extraction (see Engelbert and Tull (2013) and Hoffman and
Vlassenroot (2014)). However, as discussed by many commentators (the most controversial of which is Herbst and
Mills (2009)), the state lacks the ability to mobilize coercion in vast areas of Eastern Congo. Raeymaekers (2013)
illustrates the economic behaviors that occur in Eastern Congo: “In Congo’s eastern borderlands, military power
thrives on the successful association of private protection mechanisms with the brokers of transnational trade. The
expansion of this military-commercial nexus in Congo’s post-war environment depends on the exploitative tribute
armed parties can raise from overcrowded cities, border and mining regions, thus sustaining a series of productive
enclaves of negotiated peace in a sea of unprotected statelessness.”

5See United Nations Security Council (2002), Nest (2011), Stearns (2011).
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My main result suggests that in response to an increase in the price of coltan, armed groups

organize stable monopolies of violence (emerge as stationary bandits), taxation, and protection,

in the mines where coltan is produced, giving rise to Tilly (1985)’s “essential functions of the

state,” an extensive margin effect of the state formation process — but they do not do so in mines

where gold is produced in response to the gold shock. This effect occurs mostly in coltan mines

near airports, where coltan can be shipped to global markets. Many of these new monopolies

of violence emerge as regional militia who take on the task to organize violence in their villages

under a monopoly, but a large number is formed by pre-existing groups from outside the area who

have no links with the population they control. While this effect takes place in mines that did

not previously have a stable monopoly of violence, mines that had a monopoly of violence prior

to the shock see more contestation for the monopoly of violence, through battles between groups.

Protection, often enforced throw security patrols and curfews, is a valued public service in this

insecure environment. However, precisely because coltan is easy to tax, such “essential functions”

can be financed through taxation of output at the mines, simple to administer through custom

borders, and carry minimal administrative growth.

In contrast, the gold shock does not lead to the creation of new stable monopolies of violence

in gold mines, where implementing output tax is nearly impossible. Instead, a similar extensive

margin effect occurs in the villages where miners and their families spend the incomes they acquire

through gold (henceforth, support villages). Extracting surplus at the support villages implies a

different strategy than taxing output: incomes and consumption can be taxed, but investments in

monitoring, population counts, and ultimately fiscal capacity, are needed to reduce evasion. This

leads to a subtler intensive margin effect that does not occur in response to the coltan shock. As

a result of the gold shock, and consistent with concerns for tax avoidance, the tax vector observed

in gold villages expands: taxes on transit, consumption, and head taxes become more likely, even

after controlling for the type of organization that holds the monopoly of violence. Furthermore, the

gold price shock leads stable monopolies of violence to organize a fiscal and a legal administration

in such (support) villages — this behavior is consistent with increased concern with tax evasion

resulting from higher incomes. The emergence of fiscal and legal capacity to tax hard to observe

transactions (Besley and Persson, 2009) parallels the trajectories of state development in France,

whose heavier administration aimed to capture the multitude of small-scale transactions in the

interior, in contrast to England, whose revenues were based on taxing trade (Ardant, 1975).
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Having observed the previous effects, I then ask: does the population benefit on net from

living under a monopoly of violence? I find that popular militia, that arise in the village or the

neighboring region, increase the total surplus in the village, and have positive welfare effects on

the households. In contrast, monopolies of violence that arise from outside the region (external),

whose only interest in households’ income is taxation, also create a surplus, but redistribute it

away. To establish causality, I compare the welfare effect of the mineral shocks in places where

the existing stable monopoly of violence has a social origin in the region, to locations that have

no monopoly of violence, or that have monopolies of violence formed by other (external) groups.

I find similar results using the timing and targeting of a 2004 peace agreement as an instrument

for the presence of a monopoly of violence.

The findings in this paper contribute to the study of civil war in economics and political science.

First, as Blattman and Miguel (2010) conclude, the study of civil war is limited by the absence of

high quality data. Contributing to fill this gap, I designed a measurement strategy that assembles

information on armed groups’ behavior into a large disaggregated data set. Second, this paper

complements existing explanations of violence (Dal Bó and Dal Bó, 2011, Dube and Vargas, 2013).

Dube and Vargas (2013) find that a rise in the price of a labor-intensive commodity decreases

violence, and explain this result as a change in the opportunity cost of violent occupations. I

document a case (coltan) where demand for a labor-intensive commodity increases violence. I

allow for taxes on labor-intensive output to explain this result: when armed groups can tax, such

opportunity cost effect can be overridden by a taxation-induced rapacity effect, ultimately leading

to more fundamental transformations than violence — the essential functions of the state on the

extensive and intensive margins. The paper’s findings further suggest that when raising taxes is

impossible, as in the case of gold output, such extensive margin weakens in the location where

economic activity occurs, yet it leads to deeper transformations where the population spends their

income. Third, by exploiting two sharp demand shocks, this paper contributes to this field on the

grounds of causal identification (Angrist and Kugler, 2008, Bazzi and Blattman, 2011, Besley and

Persson, 2008, Dube and Vargas, 2013, Dube and Naidu, 2010, Maystadt et al., 2014, Nunn and

Qian, 2012). Finally, this paper introduces high quality disaggregated data and causal inference

methods to the growing field of rebel governance in political science (Arjona, 2008, Arjona et

al., 2015, Mamphilly, 2011, Reno, 1999, Weinstein, 2007), which, with some notable exceptions

(Arjona, 2008, 2014), usually relies on qualitative evidence.
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This paper also contributes to the literature on state formation. While the civil war literature

aims to understand the nature of contestation of state authority by non-state armed actors in the

current post-World War II system of states, the historical process prior to this period abounds

with examples of armed organizations aiming to govern territories. The most successful of these

ended up forming states, and many of such states-in-the-making then disappeared (Tilly, 1985).

This paper shows that studies focusing on armed actors in today’s ungoverned territories often

overlook their relevance and potential in the broader historical context for learning about the

process of state formation, which economists typically consider complete. The study of the state

formation process has indeed largely remained outside of economics: while research in economics

usually explains decisions under a state, other social sciences consider state formation and collapse

as a continuous process, equally active today, that is the focus of many studies.6 The scholarship

on state formation usually distinguishes early state formation from modern state formation.7 The

process studied by this paper fits the emergence of Tilly (1985)’s “essential functions of the state”

at its early stages. Furthermore, the paper also considers maturing process of early states (Ardant,

1975), and to do so, examines the administrative trajectory of states-in-the making. Limited by

the absence of conclusive evidence, social theorists of the early state often propose voluntaristic

explanations, which speculate that states reflect a mutually beneficial social contract (Hobbes,

1651, Rousseau, 1762). In contrast, many other scholars link the origin of states to the creation

of monopolies of violence through coercion, and view states as successful organized crime — the

conflict theory of the state.8 The fine-grained data I collected allows me to contribute to this

debate. I find evidence for both processes, and evaluate their implications for society.

Finally, this paper contributes to the resource curse literature (Bannon and Collier, 2003).

When states have access to natural resources, they should depend less on the population for

revenue, and may be less accountable. When resource output cannot be taxed, I find that rulers tax

instead the population’s wealth and consumption and to do so, develop an administration, creating

a link of accountability to the population. However, price shocks for natural resources whose output

can easily be taxed induce public services (protection), but crowd out the administration to tax

wealth and consumption: a resource curse.

6Acemoglu and Robinson (2006), Acemoglu et al. (2014, 2006), Besley and Persson (2009).
7See Carneiro (1970), Herbst (2011), Mayshar et al. (2011), Vansina (1978, 2005). The literature on early state

formation is reviewed in Claessen and Van de Velde (1991) and Claessen and Skalnik (1978).
8See Bates et al. (2002), Carneiro (1970), Claessen and Van de Velde (1991), Gennaioli and Voth (2011),

Grossman (1997), Olson (1993), Scott (1972), Tilly (1985, 1990), Tilly and Ardant (1975).
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The paper is structured as follows. First, Section 2 introduces the paper’s conceptual framework

and organizing question. Section 3 presents this paper’s empirical strategy, and Sections 4 and 5

present the results. Section 6 examines the welfare implications of the presence of stationary

bandits. Finally, Sections 7, and 8 discuss and conclude.

2 Conceptualizing the essential functions of states

This section introduces the paper’s organizing question.

2.1 Motivating example

The case of the Nduma Defense of Congo-Renouvelé (NDC-R), formed in 2008, provides a useful

example of a group that belongs to the continuum that runs “from bandits and pirates to kings.”9

The organization, composed of 2,075 combatants and administrators in December 2016, has the

capacity to project considerable violence in a well-defined territory. By then, the organization

controlled an area of 108 villages, accounting for 45,747 inhabitants, and owned 32 spears, 50

arrows, 4 guns, 15 grenades, 20 shotguns, 17 RPG, 31 PKM, 7 mortars, 1,702 AK7, and 94

satellite phones. To sustain its monopoly of violence, the group collects a number of taxes.10

In each village it controls, it collects a monthly head tax in cash from households. In order to

administer the collection of head taxes, the group conducts a population census in each village,

enlists village chiefs to collect the poll tax using a system of household tax tokens that replicates

the system used by the Belgian colonial state, and conducts random audits to combat tax evasion

by chiefs and households.11 The group also collects a weekly agricultural output tax in kind,

and an turnover tax tax on businesses that operate in their territory. The turnover tax rate rate

is set explicitly to compete with the Congolese state’s rate in order to attract merchants from

9“The continuum ran from bandits and pirates to kings via tax collectors, regional power holders, and profes-
sional soldiers” (Tilly, 1985).

10The argument in this section hinges on my own qualitative research between 2010 to 2015, and includes
conversations with commanders, generals, colonels, and combatants of the following armed groups: Nduma Defense
of Congo-Sheka, Nduma Defense of Congo-Guido, Mayi-Mayi Padiri, Mayi-Mayi Yakutumba, Mayi-Mayi Kifuafua,
Mai-Mai Nyakiliba, Raia Mutomboki, Mayi-Mayi Uvira, M23, Mayi-Mayi APCLS, AFDL. Raeymaekers et al.
(2008) also argue that armed groups in DRC develop state-like governance.

11The armed group provides the village chiefs with a fixed amount of tax tokens corresponding to the number
of households. Conditionally on paying the poll tax, each household receives a tax token that she can show to the
armed group during the group’s audits.
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other areas. Finally, the group collects taxes on mining output in the mining sites under its

control. To improve monitoring and decrease tax evasion, the group runs an intelligence agency.

The agency monitors entries and exits of traders into the group’s territory, conducts audits, and

obtains information about income. The intelligence agency also extracts daily information from

rival groups, buying off local traders in neighboring areas. In addition, the group derives profits

from the ownership of the distribution monopolies of beer, liquors, and cigarettes in the group’s

territory.12 Each village has an administrator from the group, responsible for tax collection and

the sale of alcohol and cigarettes, monitored by the group head administrator. Their total revenues

serve to pay for the group’s subsistence and to procure new supplies.

The leadership of the group is concerned with maintaining order in the territory under its

control. Thus, the group’s administrators have created a well-defined system of laws. Sexual

offenders, tax evaders, spies, and thieves are physically sanctioned, often in public. The group

also has its own logo, anthem, and a system of formal, sealed correspondence.

Furthermore, the group is concerned with obtaining popular support to sustain its rule. To

achieve this goal, the group’s leadership has created an agency to manage the relationships with

civilians. The agency is led by a commander (the T5), with agents deployed daily to inform the

population about the group’s activities (legitimation campaigns). To support the legitimacy of

the group’s rule, the general, Guido, frequently invokes dead ancestors, linked to the local ethnic

group (Banyanga), to obtain confirmation for his rule and update his supernatural powers.13 This

helps the group increase voluntary compliance for actions which are hard to monitor, such as

gathering and leakage of military intelligence, and payment of taxes.

In the period of this study, Eastern Congo had a significant number of armed organizations

along a continuum ranging from thousands of autonomous bandits to hundreds of semi-autonomous

battalions, which, as in the case of the NDC-R, govern territory, provide protection and order, run

a fiscal administration, and share the features, problems, and objectives of a state-in-the-making,

whatever they later become.14 This paper aims to understand the ecological properties that make

such transformation from banditry to rule under a monopoly of violence more likely in a given

location, and its implications for the population.15

12Beer, liquor, and cigarettes yield respectively $5,644, $5,173, and $12,666 monthly. Source: group’s data.
13The use of magical practices for combat in the DRC is well-documented. See for instance Marchais (2016).
14See Stearns (2013) for examples of the Raia Mutomboki and the FDLR.
15See Marchais (2016): “Several auto-defense groups had already emerged as a result of the persistent insecurity

that had gripped the area since the early 1990s, [...] but they were loosely organized and centralized.” One example
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2.2 What do states do?

Defining the essential functions of states is challenging. Popular views conceptualize states pri-

marily as legal entities in the international state system. These views thus tend to be unconcerned

with the underlying social process leading to the emergence or failure of states, prior to their recog-

nition as a legal entity.16 This paper focuses precisely on such process, as does a vast scholarship

in anthropology and sociology.17 The dominant view on the process is that states first emerge

from protection rackets and are essentially organized coercion. Tilly (1985) illustrates this view:

“If protection rackets represent organized crime at its smoothest, then war making

and state making - quintessential protection rackets with the advantage of legitimacy -

qualify as our largest examples of organized crime [...] There is of course, a difference:

racketeers operate without the sanctity of governments [...] Governments stand out

from other organizations by their tendency to monopolize the concentrated means

of violence. The distinction between legitimate and illegitimate force, furthermore,

makes no difference to the fact. If we take legitimacy to depend on conformity to

an abstract principle, or on the assent of the governed, these conditions may serve to

justify, perhaps even to explain, the tendency to monopolize force.”

of a centralized group is the M23, which controlled an area of 5,200 square kilometers, hosting 69,000 inhabitants
(Rutshuru). The group had Ministries and agencies to combat corruption and soil erosion. New York Times, Nov
25th 2012. See also: BBC, Aug 7th 2012 and Radio Okapi, August 7th 2012. See, for instance, Raeymaekers (2013),
Stearns and Vogel (2015), Verweijen and Iguma Wakenge (2015), as well as Smith (2015): “In the beginning, there
was no government to speak of in the United States, but over time the Mai Mai army brought law: ‘The more
people worked, the stronger the Mai Mai army grew. They grew rich from the 50 percent that they earned from
the diggers.’ But even then, like its namesake, the United States of America was known as a relatively liberal
place with many freedoms and this helped to make it a land of opportunity: ‘A person could go from nothing to
something, and no one cared who you were or where you were from, what your ethnicity was, so long as you were
strong, and could work.’ Because so many people wanted to go there, and there was a constant threat to security,
when a newcomer visited the United States of America she had to apply for a visa: ‘They gave you an identification
card, and the Mai Mai told you, Welcome. You are in the United States of America now, another country. You
have left Congo behind.’ There were customs officials there, inspecting goods, assessing value, and placing tax.”

16Tilly (1985) illustrates such process: “Most of the European efforts to build states failed. The enormous
majority of the political units which were around to bid for autonomy and strength in 1500 disappeared in the next
few centuries, smashed or absorbed by other states-in-the-making. The substantial majority of the units which got
so far as to acquire a recognizable existence as states during those centuries still disappeared. And of the handful
which survived or merged into the nineteenth century as autonomous states, only a few operated effectively [...]
Only the positive cases are well-documented.” Flannery and Marcus (2012) write: “In addition to transforming
whole societies [competition between states] produces winners and losers. We flock to the winners like paparazzi,
forgetting that the competition itself was the real engine of change.”

17See Carneiro (1970), Claessen and Skalnik (1978), Claessen and Van de Velde (1991), Cohen and Service
(1978), Earle (2002), Flannery and Marcus (1996), Hirschfeld (2015), Scott (2009), Service (1975), Skaperdas and
Syropoulos (1995), and also the evolution of states into modern states (Ardant, 1971, Foucault, 1977, Greif, 2008,
Scott, 1999, 1985, 1972, Tilly, 1985, 1990, Tilly and Ardant, 1975).
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While Tilly (1985, 1990) studies mostly the creation of modern European states, his so-called

organizational view of the state permeates the study of state formation across periods and disci-

plines.18 In line with this view, a dominant (idealized) definition of the state thus understands it

as a monopoly of violence (Weber, 1946), whose recent developments, such as the welfare state, are

anomalies of the historical process.19 I next introduce a framework that underpins my approach.

It is useful to examine state formation as an ongoing process.20 To characterize the emergence

of such process, I use Tilly (1985)’s essential functions of the state: eliminating external rivals and

oppressing internal opponents (monopoly of violence), repressing threats to the property of the

governed (protection), and designing the means to finance these activities (taxation).21 I intro-

duce the notion of extensive margin to refer to the launching of the state formation process, and

the intensive margin to refer to the process by which such functions intensify. State formation

can be traced back to the early states, whose formation first begun 3000 years BCE (Carneiro,

1970, Claessen, 1990). Once the process is launched, some states “matured” (Claessen, 1984),

intensifying their essential functions on the intensive margin. The existing archaeological evidence

suggests that states emerged when one group used coercion to extract taxes from a population

(Carneiro, 1970, Chrétien, 1987, Claessen and Skalnik, 1978, Keeley, 1996).

18“The argument grows from historical work on the formation of national states in western Europe, especially
on the growth of the French state from 1600 onward. But it takes several deliberate steps away from that work,
wheels, and stares hard at it from theoretical ground” (Tilly, 1985).

19The central role of violence for the state is recognized across the social sciences. See, for instance, Trotsky
(1905): “In any ‘normally’ functioning state, whatever its form, the monopoly of brute force and repression belongs
to the state power. That is its ‘inalienable’ right, and of this right it takes the most zealous care, ever watchful
lest any private body encroach upon its monopoly of violence. In this way the state organization fights for its
existence.” Tilly (1985): “Back to Machiavelli and Hobbes, nevertheless, political observers have recognized that
— whatever else they do — governments organize and, where possible, monopolize violence,” Flannery and Marcus
(2012): “One of the most dramatic innovations of states is that the central government monopolizes the use of
force [...] While individuals in Sumerian society were constrained from violence and revenge, the state had the right
to draft soldiers and wage war,” Baumol (1995): “[...] the economics of crime promises to offer profound insights
into the origins and workings of governments, not as most of us know them, but like those that have ruled the
bulk of humanity in the past, and continue their sway in many countries today,” Hirschfeld (2015): “[D]emocratic
governments that regulate markets and protect individual rights are recent innovations that are still not the norm.”

20The process has been documented in the “gigantic tribute-levying machine” of the Ottoman Empire (Prunier
and Gisselquist, 2003); among the Italian Camorra and the Sicilian mafia (Gambetta, 1993); the emergence of
law, contracts, justice, and order among prisoners (Valdes, 2009); the self-declared self-governing zone of the
Havana campus in the 1930’s (Thomas, 1998); gambling rackets; organized crime in America, such as the violent
organizations that emerged from product prohibitions or well-studied highway gangsters in the US, which established
stems of tolls and protection rather than arbitrary predation (Tyler, 1967); as well as the violence-led formation of
similar organizations in Afghanistan, Chad, Mali, Nigeria, Pakistan, Somalia, and Sudan, among armed pastoralists.

21Archaeological evidence also links the formation of states to systematic extraction of resources. In the Sumerian
case, for instance, Flannery and Marcus (2012) argue: “Bureaucracies are expensive to maintain, and one Sumerian
solution was to levy taxes. Every official transaction had to be witnessed and archived, and an official took his cut.
While rations of barley, wool, and beer were still supplied to state employees, the Sumerian turned to standardized
units of silver for many taxes, fees, and fines.”
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If the extraction of a surplus, through taxation, motivated the formation of early states, the

availability of such surplus, and the ability to extract it, were likely determinants of state for-

mation.22 Applying this logic to the data from early states, Carneiro (1970) argues that the

population’s ability to escape into productive land determined how much surplus the coercion-

yielding organizations could extract from them — thus whether early states formed in a particular

territory, or failed. States often replaced chiefdoms, where the power of Chiefs had to be negoti-

ated and depended on legitimacy, often obtained through supernatural forces, self-enforcing social

conventions, and reciprocity (Acemoglu et al., 2013, Claessen and Van de Velde, 1991, Flannery

and Marcus, 1996, 2012, Mauss, 1970, Sahlins, 1965).23 The emergence of early states substituted

social relations of reciprocity for coercion as the major link between the ruler and the ruled.24

Once states start forming, the essential functions of the state may intensify.25 Ardant (1975)

distinguishes two typical European states. On the one hand, since the revenues of the English

state stemmed mostly from international trade, which is easy to tax through customs, sustaining

fiscal revenues required minimal administration.26 On the other hand, the revenues of the French

state hinged on taxing a large number of small-scale transactions in the countryside.27 Fiscal

needs thus motivated the French state to improve monitoring, create rural fairs, tolls, wall cities,

and develop the administration to raise revenue (Ardant, 1966, 1971, Mauro and Ardant, 1966).

22See Ardant (1975): “We cannot understand the history of the state if we are not convinced of the idea
that taxation is a very difficult operation [...]and that this difficulty has always weighed heavily upon the state.”
(Claessen and Van de Velde, 1991) further argues: “Accumulation of income by the state is crucial; if not available
in sufficient quantities, the polity will decline or even collapse. Accumulation can be extended in several ways: by
expanding the internal production, by preying on weaker polities, or by seeking additional resources.”

23See Claessen and Van de Velde (1991), chapters 3,4,5,10, as well as (Tilly, 1985): “The trimmed-down argument
stresses the interdependence of war making and state making and the analogy between both of those processes and
what, when less successful and smaller in scale, we call organized crime. War makes states.”

24Using Polynesia as a case study, Flannery and Marcus (2012) document the three main sources of chiefly
power: the mana (supernatural energy), the tohuga (skill/expertise), and the toa (toughness). While the rule of
chiefs usually relies on supernatural powers (mana) and skill (tohuga), governing populations outside the immediate
clan requires the use of toughness, or force (toa). States thus form when the basis of governance shifts to force, for
instance when populations are ruled by chiefs who expand their rule outside the immediate clan: “When [...] the
expanded territory grows beyond the limits that a chief can administer through the usual methods, he is compelled
to make changes in administration and political ideology, and a state begins to form” (Flannery and Marcus, 2012).
The role of reciprocity for chiefs’ governance is well-documented. See Ekholm (1977) and Thornton (1983).

25See Besley and Persson (2009), Claessen (1984). Claessen (1984) writes: “The main differences between the
early and the mature state, then, lie in the type of legitimation, the degree of bureaucratic organization, and the
level of economic development.” For instance, Tilly and Ardant (1975) argue that the fiscal capacity of the modern
state emerged from the need to finance wars.

26“This facility in collecting taxes was linked [...] to the decidedly important increase of trade” (Ardant, 1971).
27See Johnson and Koyama (2014): “The different geography of the two countries also explains why internal

trade barriers and tolls provided an important source of revenue for local rulers in France; in England, sea transport
was always more important than inland transport and this reduced the value of local trade barriers and made it
more straightforward for the monarchy to take control of local customs taxes.”
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The development of states carried a major institutional innovation for human populations

(Bates, 2011). In theory, monopolizing violence improves allocative efficiency over anarchy (Gross-

man, 1999, Hirshleifer, 1995, Hobbes, 1651).28 However, states often arise as protection rackets,

offering protection against their own predation (Tilly, 1985). The archaeological record of early

state formation is indeed plenty of examples of inequality in favor of an elite class who controlled the

“guns,” and malnutrition, and often slavery, among the population (Cohen and Service, 1978).29

Coercion was used to tax and redistribute for an elite. Thus, in principle, the formation of states

could have decreased the population welfare.30 However, later changes, the study of which is be-

yond the scope of this paper, brought about constraints to the power of rulers and the expansion

of welfare to wider segments of the population (Acemoglu and Robinson, 2006, Greif, 2008, Marx,

1867, Tilly, 1990, Tilly and Ardant, 1975).31 While armed organizations who conquer foreign

populations may be interested in maximizing tax revenue, the objectives of armed organizations

that emerge from the bottom-up, and inherit pre-existing networks with the population are more

likely to be aligned with the population’s welfare (Padgett and Ansell, 1993).

Finally, newly formed states went at length to obtain voluntary compliance by attempting to

create ideological and religious justifications for the inevitability of their rule — whose foundations

were often coercive — often without success.32 Many early states failed to obtain legitimacy, as is

the case of the so-called “inchoate” states.33 Thus, while legitimation efforts permeate historical

evidence, there is no evidence of such efforts being systematically successful among states.34

28Hobbes (1651) saw this implication: “In such condition there is no place for industry, because the fruit thereof
is uncertain, and consequently, no culture of the earth, no navigation, nor the use of commodities that may be
imported by sea, no commodious building, no instruments of moving and removing such things as require much
force, no knowledge of the face of the earth, no account of time, no arts, no letters, no society, and which is worst
of all, continual fear and danger of violent death, and the life of man, solitary, poor, nasty, brutish, and short.”

29“The reason military force so often seems to be involved in the creation of the first kingdoms is because rival
chiefs are unwilling to surrender their territory and independence voluntarily. [S]tate formation involved thousands
of deaths, and thousands of other people were converted into slaves.” (Flannery and Marcus, 2012)

30See, for instance, the high levels of forced labor and tribute imposed by early states (Keeley, 1996).
31Tilly (1990) argues that the formation of modern states can be linked to an dependency on their populations.
32See Claessen and Skalnik (1978), Claessen and Van de Velde (1991). Claessen and Skalnik (1978) document

the costs incurred by Carolingian to provide ideological foundations to their rule.
33The inchoate state is analyzed in Claessen (1990). Claessen (1990) and Toland (1987) describe how the Inca

state often had no legitimacy among the subjugated peoples.
34“Frank recognition of force’s central place in governmental activity does not require us to believe that gov-

ernmental authority rests ‘only’ or ‘ultimately’ on the threat of violence. Nor does it entail the assumption that
a government’s only service is protection. Even where the government’s use of force imposes a large cost, some
people may well decide that a government’s other services outbalance the costs of acceding to its monopoly of
violence” (Tilly, 1985). Legitimacy is also implied: “Legitimacy is the probability that other authorities will act to
confirm the decisions of a given authority. Other authorities [...] are much more likely to confirm the decisions of
a challenged authority that controls substantial force” (Stinchcombe, 1987, Tilly, 1985). The narrative that states
emerged from legitimate demands can thus be seen as the product of successful legitimation (Tilly, 1985).
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Through their coercive innovation, states are to government what markets are to the economy:

they introduce the possibility of one-shot compliance to power relations (Earle, 1997). Just as the

value of goods led to the emergence of property rights (Demsetz, 1967), the value of the taxable

surplus of an economy may lead to the emergence of property rights over the entire surplus: states.

2.3 Organizing question

How, then, should we guide the empirical inquiry on the origins of the state?

This paper begins by empirically examining the emergence of Tilly (1985)’s essential functions

of the state among armed organizations, that is, the initiation of the state formation process on

the extensive margin. Unlike roving bandits, the notion of stationary bandits, developed in Olson

(1993)’s criminal metaphor of the state, fits the emergence of such process. First, a stationary

bandit is an armed actor who is able to sustain a stable monopoly of violence in a given territory,

having eliminated its rivals — war making and state making.35 Second, stationary bandits have

stable territorial control, allowing them to commit to stable taxation to design the means to finance

war making and state making — extraction. Finally, through its ability to raise stable taxes, the

stationary bandit is a (partial) residual claimant of economic activity in its territory. This gives

him incentives to oppress the threats to the property of the governed — protection. Indeed, as it

was mentioned in the previous section, stationary bandits will be tempted to protect incentives

to invest and trade, since they benefit from it at least through the taxes they collect. Taxation,

stationary bandits, and protection are inseparable essential features of state formation — war and

state making are costly. My main conjecture is thus that armed actors will thus be more likely to

create monopolies of violence especially in locations where economic activity that can be taxed is

valuable.36

Having studied state formation on the extensive margin, I then turn to measuring the intensive

margin of state formation. Following the framework put forward in Section 2.2, I examine the

degree of bureaucratic organization (Claessen, 1984), which is linked to fiscal and legal capacity

35“Small polities, seeing that resistance would be futile, may accept a face-saving offer. Larger polities, unwilling
to lose their autonomy, may have to be subdued militarily” (Flannery and Marcus, 1996).

36Ardant (1975) writes: “Improvements in production, and even more in trade, provided sovereigns with taxable
material that was more valuable and more easily seized. Such an evolution in the economic structure permitted
them to increase their power considerably” and “Various kinds of entry taxes, duties on internal trade, and tariffs
were important in the fiscal systems of the nineteenth century: the ease in levying this kind of relatively painless
tax was one of the bases for the growing power of states.”
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(Besley and Persson, 2009). There are a number of ways in which a stationary bandit can develop

its bureaucratic organization. First, the stationary bandit can choose to sophisticate its taxation

vector in an attempt to reduce incentives of tax avoidance and increase its tax revenues, leading to

the multiplication of taxes on small-scale transactions. Second, in order to monitor tax payments

for their taxation plan, stationary bandits may develop a fiscal administration. Indeed, the fiscal

administration helps monitor transactions, sanction tax evasion, and increase “legibility” (Scott,

1999). Third, in order to provide protection of property rights, and to raise additional revenue,

the stationary bandit may administer disputes over property rights.37

After presenting my approach to measure the intensive margin of state formation, I next

attempt to explain it.38 My second conjecture is that the intensive margin will be more acute if

the monopoly of violence faces a rich population whose source of income is difficult to tax directly.

Consider the case of easy to observe output. Taxing output at production sites, especially if

output is valuable and labor supply is inelastic, requires minimal bureaucracy, as a customs office

of a few armed men will suffice to extract the surplus.39 In contrast, if production is hard to

tax, the population will end up with high incomes. It will then be optimal to tax their wealth,

consumption, and any small-scale activities in which thy spend their income instead. Such taxes,

however, are typically easy to avoid by shifting economic activity. Raising more taxes may help

reduce tax avoidance, and creating a fiscal and legal administration may help reduce tax evasion.40

37Armed groups often provide justice in Eastern DRC. See Hoffmann (2015): “Many preferred the justice of the
armed groups, which were viewed as more accessible, effective, and cheap.” See Gambetta (1993) and Verweijen
(2013) for the contract enforcement business in Sicily and in the DRC.

38I also observe, albeit for purely descriptive purposes, whether the stationary bandit uses written documents,
contracts, communications, a village constitution, whether it regulates the economy, the public services it provides,
and its political power, whether it organizes legitimation campaigns, initiation rituals, and whether it replaces local
witch-doctors, usually a way to control the supernatural foundations of legitimacy.

39See Ardant (1975): “Taxes against various kinds of rents are also simple to carry out. Production is sufficiently
concentrated so that taxes can be levied at that stage which will eventually be passed on to the consumer.” and
“Great Britain’s economic structure provided the foundation for her fiscal capacity by allowing her to give the most
important role to the taxation of commercial activities [...] Customs, Excise, Stamp [...] Several factors made it
inevitable that England have trade, the channels of which were rather easy to keep an eye on, in spite of smuggling:
England was an island, her climate practically precluded the production of wine.”

40“The financial administration understood, in advance the problems of a turnover tax applied to small business
[...] It would seem better to tax the consumption of storekeepers, small businessmen, artisans, their workers [...]
City life assumed the circulation of foodstuffs and manufactured objects [...] Products could be taxed in transit,
preferably at the point through which they had to pass to enter the cities, especially when cities were still surrounded
by walls [...] One can understand the preference of finance ministers for indirect taxes, but even these taxes faced
the same obstacle. When the manufacture of a whole series of products is concentrated in one setting, as it is today,
it is possible to arrange verification of production [...] When there are small scattered enterprises, this solution is
impossible [...] All that remained was to control circulation [...] However, despite all the advantages that the ruling
classes could find in this kind of tax system, it was not sufficient [...] States could not bypass direct taxation of the
largest part of the taxable population[...] In the seventeenth century the need to find a satisfactory fiscal system
was so strong that various European countries resorted to another tax which had nothing to do with the ability to
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Finally, I examine the conditions under which the population benefits on net from the presence

of a stationary bandit. Armed actors create a larger surplus in the village if they are stationary

rather than if they are roving because they become partial residual claimants (Olson, 1993).

However, a stationary bandit has a positive impact on the surplus (compared to when they are

absent) only if its protection against other bandits, net of the distortions their taxation creates,

creates a positive surplus (McGuire and Olson, 1996). The effect on total surplus thus depends

on the counter-factual insecurity of property rights, and the level of taxation, and is therefore

ambiguous. Even if a stationary bandit may increase total surplus net of distortions, households’

surplus depends on the share of such total surplus redistributed to the stationary bandit. Thus,

the social origins of the stationary bandits, which can account for large variations in their goals and

thus redistribution, likely plays an important role on the welfare of households. I thus identify the

population welfare itself (consumption, savings, and location decisions). I implement the analysis

separately by the social origin of the monopoly of violence.

There are limits to this approach: I cannot claim to observe “states.” Attempting to show

that stationary bandits “are” states would be misguided for multiple reasons. First, studying the

process of state formation does not require observing processes that result in modern “states”

this would be teleological. Historical documentation is plenty of evidence that states are self-

selected, successful competitors for coercive extraction that made it into the historical record.

These contrast to other monopolies of violence that did not militarily succeed, although they

emerged through the same process (Tilly, 1985).41 Second, it would also be misleading to consider

stationary bandits as “states,” because the popular imagery of the state associates it with the

welfare nation state, a recent anomalous outcome of the historical process. Third, focusing on

the (international) political process that turns organizations into state entities in the international

system overlooks the preceding social process that creates the conditions for it.42

pay — the poll tax. Gone were the delicate problems of evaluating wealth, one merely had to count the human
beings in a nation and place the same tax on each head” (Ardant, 1975).

41“Power holders did not undertake those three momentous activities with the intention of creating national
states. Nor did they ordinarily foresee that national states would emerge from war making, extraction, and capital
accumulation” (Tilly, 1985).

42Fourth, the analogy between organized crime and many DRC state agencies, responsible for many human rights
violations today, illustrates that the requirement that states be recognized entities is not very useful for the purpose
of understanding its origins. See Raeymaekers et al. (2008) and Verweijen (2015). “The paradoxical outcome of
post-war transition is that political legitimacy remains rooted in a tight association of political protection, military
coercion and economic capital between violent elite networks” (Raeymaekers, 2013).
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2.4 Simple model

This section introduces a simple model of stationary bandits. Consider an actor with the means of

coercion, and workers, who produce a given resource, and consume food. The armed actor can use

coercion to define the property rights of workers over the output they produce: she can expropri-

ate their output, she can also prevent expropriation by bandits. When she choses to be the only

potential expropriator of households’ output, she forms a monopoly of violence. In a monopoly

of violence, she can design a credible taxation plan to maximize a social welfare function, which

may be any function of her own tax revenues and the population welfare.

The model hinges on the following assumptions. First, I allow the locations where output

is produced to differ from the locations where households spend their wealth. The armed actor

chooses only one of three actions first: a. She can remain a “roving bandit”, arbitrarily expropri-

ating from an endless pool of locations every period; b. She can create a monopoly of violence in

a location that produces; c. She can create a monopoly of violence in a location where households

spend their wealth in productive projects. Second, the armed actor has a limited set of taxation

instruments, which she can only credibly deploy when she holds a monopoly of violence. In loca-

tions that produce output, she can only tax output. In locations where households spend their

wealth, she can only tax the returns from such projects. Third, households can evade taxation of

their wealth. The armed actor can increase the cost of evading wealth taxes at a cost —creating

an administration. Proofs of the following testable implications are in Section A.

1. Monopolies of violence are more likely to form at production sites when the price of output

is higher. This effect is stronger where output tax cannot be evaded, and where it can easily be

traded, and thus translate into value (Propositions 5, 6, 7, 8).

2. Monopolies of violence are more likely to form in the locations where households use their

wealth when wealth in circulation is higher (Proposition 9).

3. Monopolies of violence at production sites whose output is easy to tax tax output and

have a minimal administration. Monopolies of violence in locations where households spend their

wealth tax wealth and develop an administration (Propositions 10,11).

4. The higher is the weight in her objective function that the monopoly of violence places on

the population’s payoff, the more likely the population benefits on net (Proposition 12).
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3 Empirical strategy

This section describes the empirical strategy. I first present the setting where I test the predictions.

3.1 Setting

This section describes the macroeconomic and microeconomic environment faced by armed groups.

3.1.1 Macroeconomic environment: armed groups, minerals, and prices

This study covers the Second Congo War (1998-2003) and the “post-conflict” period (2003-2013).

The Second Congo War, referred to as “The Great African War,” involved nine foreign armies, and

more than thirty local militia.43 In 1998, the Rassemblement Congolais pour la Démocratie (RCD)

launched an offensive to overthrow the then DRC president in office, Laurent-Désiré Kabila.44 The

coup did not succeed, but RCD divisions, self-defense groups, known as the Mayi-Mayi, and the

Forces De Libération du Rwanda (FDLR) maintained control over the eastern half of the country.45

The groups formed unstable alliances and command structures (Koenig et al., 2015a).

Despite support from the UN peacekeeping mission (MONUSCO), the Congolese state has

since struggled to regain control over the eastern provinces. Following a peace agreement signed

in Sun-City (South Africa) in 2003, the RCD and major self-defense groups agreed to vacate the

east of the DRC and integrate the national government, but they maintained their command

networks, others refused to join. This further undermined the distinction between armed groups

and the state.46 The peace agreement created a security vacuum, followed by an influx of new

armed actors. In 2009, the Congolese army, the UN, and Rwanda led a major operation against

the FDLR, Kimia II, which failed to eradicate it. In 2015, more than 80 armed groups continued

to operate in the east, controlling up to 95% of the territory in some districts.47 Despite their

interests were originally political, armed groups discovered the profitability of organizing coercion

along the mineral trade at the start the Second Congo War.48

43See Ngonzola-Ntalaja (2002), Prunier (2008), Reyntjens (2010), and Stearns (2011).
44The First Congo War lasted from 1996 to 1997. It ended with the overthrow of President Mobutu.
45Mayi-Mayi is sometimes spelled Mai-Mai.
46See Stearns et al. (2013), Baaz and Verweijen (2013), and Marchais (2016).
47The Raia-Mutombokis controlled 95% of the Shabunda territory in 2013, totalling with other districts 30,000

squared kilometers. See Radiookapi, February 28th 2013, Stearns and Vogel (2015), and Stearns (2013).
48See Verweijen and Iguma Wakenge (2015), Stearns and Vogel (2015), Clark (2002), Nest (2011), Nest et al.

(2011), Ngonzola-Ntalaja (2002), Stearns (2011), Vlassenroot and Huggins (2005), Vlassenroot and Raeymaekers
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Mineral extraction in Eastern DRC is labor-intensive and requires minimal skills. Ninety

percent of the country’s mineral output is produced by up to two million so-called “artisanal

miners.” In mines of low value to weight minerals (cassiterite, coltan), miners fill bags of up

to 75 kilograms, and carriers transport them by foot to the corresponding support village, often

multiple days away. Owing to the poor road infrastructure, these minerals are then shipped by

plane to global markets. Miners of high value to weight minerals (gold) can conceal output, thus

frequently evade output taxes. Approximately $125 million of gold are exported yearly, largely

smuggled through the borders (World Bank, 2008).49 While the production process seems chaotic,

it is tightly organized. Miners are partial residual claimants, while armed actors, “state” and

“non-state”, provide security at the mine or the support village, in exchange for taxes.50

In the period of this study, two major price shocks hit the sector. First, at the start of 2000,

Sony announced the release of Playstation II for Christmas. The console used columbite-tantalite

as key input (coltan in the DRC). At the time of the announcement, most of it was extracted

in Australia, where the extraction process is capital-intensive and adjustments to supply were

impossible in the short-run. As a result, columbite-tantalite processing firms rushed for coltan

in DRC, pushing the daily price from $90 to $590 per kilogram, before it collapsed in Christmas

upon the failure of Playstation II. Second, following September 11th and the recession, investors

rushed to gold as a safe haven. As a result, the price of gold rose sharply, reaching levels up to 6

times higher the pre-shock levels. Figure 1 illustrates the rise in the prices of gold and coltan.51

(2004), Van Reybrouck (2008), Autesserre (2006, 2007, 2008), and Verweijen (2013).
49Armed actors refer to gold as the “immaterial mineral,” because it is impossible to observe. While a coltan

miner might produce up to fifty kilograms of coltan per day, a typical day of work mining gold yields between a tenth
and ten grams of gold output. In the absence of advanced monitoring technology, such as prohibitively costly X-ray
equipment, the miners can conceal gold from potential output taxes (Geenen, 2013). Workers frequently digest the
gold they find in order to sell it in a major urban center themselves. This is also why ambushes are frequent along
the roads in territories rich of gold, as bandits expect some travelers to be in possession of gold. Descriptions of
gold mines located elsewhere frequently show that employers use X-rays to monitor gold miners. The average world
price per kilogram of gold in the period was $17,404, compared to $136 for coltan. Daily production per worker is
approximately 20 kg for coltan, and between 1 and 10 grams for gold. See De Failly (2001), De Koening (2009),
Nest (2011), Geenen (2013), Seay (2012), Vlassenroot and Raeymaekers (2004) and World Bank (2008).

50See Verweijen (2013) and Nest (2011). Property rights are defined in a “pluralistic” legal environment. Formal
law and customary law co-exist. The colonial state underwent a series of measures to institute legal dualism in
Congo, recognizing the separation between customary (chiefs) and state tenure regimes. However, the Bakajika law
and the so-called 1973 laws proclaimed that all land in the DRC became the property of the state, and that specific
regimes allowed the transfer of some land to customary authorities. Hence, the land currently belongs to the state,
but customary authorities have usufruct rights over them, which they can then pass on to their subjects. However,
the laws supposed to articulate customary and state land tenure regimes and legal systems were never passed —
they are still being discussed today — leading to confusion and bargaining. Slavery is not frequent (United Nations
Security Council, 2002). The data further suggests miners’ income is much higher than agricultural income.

51See Nest (2011), Stearns (2011), and United Nations Security Council (2002). The DRC’s global gold output
share is .08%. In 2000, the DRC produced 9% of the world’s gold output, up from 0 in 1997, and 17% in 2014. A
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3.1.2 Microeconomic environment: the structure of the typical municipality

Eastern Congo is partitioned into 2,501 municipalities.52 Figure 2 graphically represents the

typical municipality. Each rural municipality is to a large extent composed of land and forest.

Households are concentrated at the historical municipality center — henceforth, the “support

village.” By definition, each municipality has one, and only one, support village. Mineral deposits

were discovered prior to the study period and price shocks, in the 20th century by the colonial state

and the Mobutu administration. Since the land is partitioned into municipalities, each deposit

belongs to one municipality. However, these deposits were often discovered in land far from the

support villages whose municipality they belonged to. According to the data collected in this

paper, mineral deposits can be located up to 180 hours of walking distance from the support

village of their municipality. The support village of the municipality is generally the closest to the

mineral deposit of all support villages.

Mineral deposits brought economic activity linked to mineral extraction during colonial rule

and the Mobutu regime. After the state mining firms collapsed in the 1990’s, the mining sites

remained open air, and millions of artisanal miners exploit the minerals with minimal infrastructure

at these mining sites today (World Bank, 2008). Mining sites vary in their degree of urbanization:

many of them have turned into small settlements where miners live. Whatever their degree of

urbanization, miners and traders regularly transit by the support village, which usually has the

infrastructure required to ship the minerals. Transporters walk the distance daily, often by foot.

Miners often sleep in the support village and work at the mining site, or spend periods of time

living at the mining site — often days, weeks, or months, while others live there permanently.

Most of the varied economic activity usually remains at the support village.

When a municipality becomes attractive for stable expropriation due to the possibility to tax

mining output, armed actors could decide to become stationary at the support village, or at

the mining site where mining activity takes place. If the costs of extending command over the

territory in a municipality are reasonably low, locating at the support village may offer considerable

advantages. Indeed, the support village may offer better amenities for the bandit and may have

better access to trade infrastructure. Controlling the support village may also allow the armed

actor to control other mining sites of the same municipality at lower cost. The road and local

second price shock to the price of coltan hit in 2011, stemming from the end of the global recession (source United
States Geological Survey (2015)).

52Source: Référentiel Géographique Commun (2010). The number is approximate.
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airports are often located at the support village, since this infrastructure was previously built by

the colonial and post-colonial state to transport the mining output. Minerals extracted at the

mining site often circulate through the support village before they reach international markets.

However, controlling the entire municipality, or support village, is often not desirable. First,

mining sites are often too far from the support village to extend daily authority, to monitor the

armed group agents at the sites, and to monitor tax evasion: the average distance of a mining site

is 10 hours (only accessible by foot, often through forests), and such distance goes as high as 180

hours in the sample. This underscores the importance of separating mining sites from support

villages in the analysis. Second, some mining sites may use alternative trade routes, decreasing

the proportion of trade that they can tax trade from the support village. Mining sites are most

often remote, and bandits often make territorial control decisions on mining sites in isolation from

the support village. Thus, in order to tax the mineral trade, when output is easy to observe, they

often establish a monopoly of violence at the mining site itself. The extensive margin analysis of

the paper thus clearly separates the effects on mining sites, and the effects at support villages.

However, as I described in the previous sections, the output of some minerals is difficult to observe

and tax (gold). For these minerals, stationary bandits try to collect daily working permit fees on

miners, but these fees are also often difficult to implement, because the population is liquidity-

constrained and risk-averse, and because it is easy to shift activity, especially for gold mining that

occurs along rivers. For that reason, armed actors in gold municipalities usually focus instead on

taxing economic activity at the support village, where miners spend their income on other goods

and services.

3.2 Data collection strategy and data

I organized a team of informants to collect yearly historical data from 239 support villages and

their 411 corresponding mining sites in Sud Kivu (2012-2013), then North Kivu (2014-2015). Since

the data is based on recall from multiple witnesses and stakeholders, I designed a strategy that

uses accepted methods in studies of recall information from eyewitnesses, and improves upon them

to tailor the design to the cultural context. I consolidated such strategy after 3 months of piloting

in Sud Kivu in May-July 2012. I now turn to describing such strategy.
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I first selected the municipalities for the study.53 Data collection activities took place at the

support village itself, because all of the required village experts were present at the support village

— municipality elders, mineral traders, miners.54 Figure 3 presents the support villages.

In each municipality, the project informants identified a group of “history specialists” on their

first day in the support village. In practice, the history specialists were individuals who mastered

the municipality history. The informants could identify them easily due to their involvement in

the mining sector as well as to the local tradition of oral history. The informants then trained

the history specialists on how to collect historical data. In each subsequent day, the informants

monitored how the history specialists collected data and continued to train them daily.

However, such strategy alone is subject to three challenges: first, classic measurement error

due to recall problems on levels; second, classic measurement error due to recall problems on dates;

third, reporting bias for sensitive information. To address these challenges, the informants also

collected, every day in the village, private interviews in 8 randomly selected households where they

discussed the history of the village with family members. In the last day in each municipality, the

informants held a day-long meeting with the history specialists, where they confronted the data

gathered by the history specialists to the data they had collected themselves. Thus, by the meeting

at the end of the week, the informants already knew the history of the village. Through this process,

they were able to tell if the history specialists were reluctant to provide some information, which

happened rarely. The data from this meeting is the main source of data for this paper.

Section C describes the track record of this methodology, the contextual factors that reduced

recall error, and further design improvements to reduce such error. Section C also replicates and

discusses the results with alternative data sources.55

The stationary bandits in the sample belong to 54 recognized armed macro-organizations. The

median durations of a village with a specific stationary bandit, and without any, are both 4 years.

53In Sud Kivu, I sampled all coltan municipalities. Since gold municipalities are more numerous, I selected
a random sample of gold municipalities within each administrative division (Territoire). I also sampled 20 pure
agricultural municipalities, matching on all geographic characteristics known ex-ante within administrative division
— I minimized the Mahalanobis metric between mining and agricultural villages (Rubin and Stuart, 2007). I
identified the villages endowed with minerals in existing datasets (International Peace Information Service, 2009,
Référentiel Géographique Commun, 2010), and completed them deploying prospection operations in each Territoire
prior to sampling. In North Kivu, because of the importance of other economic activities unlike in Sout Kivu,
I sampled all municipalities with mining activity or any other meaningful economic activity. Significant other
activities include plantations of banana, coffee, cacao, beans, which are absent from Sud Kivu.

54Most of the economic activity is linked to the mining sites, and households are in constant flux, alternating
days between the mining site and the support village.

55Section B in the online appendix describes each variable in detail.
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3.3 Econometric strategy

This section presents the main econometric framework of the paper. Since local mineral prices

might be endogenous, I exploit the presence of large global shocks for mineral demand, and

reflected in the US price of minerals. I use all years for which I have the full sample (1998-2013) in

a linear probability model, where the dependent variable is a dummy capturing the extensive or

the intensive margins, regressed on US price of minerals interacted with location specific mineral

endowments. To capture the extensive margin, I examine the presence of taxation, stationary

bandit, and security services. To capture the intensive margin, I examine the sophistication of the

tax vector and the creation of fiscal and legal administrations. I separately analyze the support

village from the mining sites. Since the mine outcomes may be correlated within municipality, I

collapse the mining site data to municipality*year observations. For the specifications that focus

on support village level data, I rely on the support village*year observations, but collapse the

mining treatment variables at the level of the cluster of mines of the municipality. Equation 1

presents the baseline specification:

Yjt = βt + αj + γc Cj pUSc,t + γg Gj pUSg,t +X
′

jt β + εit (1)

where Yit is a dummy for the extensive or intensive margin in municipality j in year t. The term αj

indicates municipality fixed effect, βt indicates year t fixed effect, and when appropriate, I include

Xjt, a vector of municipality level time varying controls. The variable Cj (Cj) is a time invariant

dummy for whether municipality j is endowed with coltan (gold), pUSc,t (pUSg,t ) is the logarithm of

the price of coltan (gold) at year t in the US market, taken from United States Geological Survey

(2010). The regressors pUSc,t and Cj are absorbed by the municipality and year effects. I include the

full set of interactions between Cj, p
US
c,t , Gj, and pUSg,t .56 Let Da

j be a dummy indicating whether

the distance of municipality j to the closest airport is above the median of the sample. If the

effect of coltan shock is larger near airports, γ̃c > 0 and the coefficient on Cjp
US
c,t D

a
j , γ̃ca < 0. I

discuss robustness checks and extensions in sections 4.2, 4.3, 5,6, 6.2, and D. Section C describes

the threat arising from recall error, the safeguards developed in this study to reduce this concern,

and replicates the results with alternative data sources.

56Of 11 geographical outcomes, only distance to a bridge in 2010 is significantly different between gold and
coltan municipalities. A probit of coltan endowment on the geographic characteristics has a log-likelihood ratio of
29.96, above the 95% of the reference Chi-square distribution.
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4 Extensive margin of the essential functions of the state

In Subsection 4.1, I first consider the typical approach to bandits’ behavior in the conflict literature.

However, the transformation that occurs as a result of the price shocks is more complex. In

Subsection 4.2, I examine such transformation. To explore the mechanisms of this transformation,

Subsection 4.3 examines whether or not the stationary bandits are popular militias, and how they

emerge.

4.1 Conflict result: location of bandits’ attacks

As the price for resources found in certain locations increases, but not for resources found in

different locations, one might be interested in examining the rapacity effect: whether violence

increases in the location where such resources are to be found. Alternatively, since transforming

the mineral into output is labor intensive, one may consider disentangling the rapacity effect

from the opportunity cost effect of engaging in violence. Since gold and coltan are equally labor

intensive, an increase in the price of any will clearly increase the rapacity effect, but may also

increase the opportunity cost of violence, since the wage in the mineral sector increases. Thus,

a test of whether the rapacity effect dominates the opportunity cost effect would be to examine

changes in violence around coltan sites when the price of coltan rises, and similarly for gold sites

when the price of gold rises. Figure 4 shows the evolution of external attacks on the mining site.

Again, the proportion of mining sites which are attacked rises by 25% in coltan sites, but remains

similar for mining sites not endowed with coltan. The effect is similar for coltan support villages.

The effect induced by these price shocks is, however, more complex. The data allows me to

examine not just where violence is located, but what bandits do. Indeed, as I show next, the

shock leads to the creation of stationary bandits, stable taxation systems, and protection — a

sophisticated form of theft that resembles the extensive margin of the state formation process.

4.2 The origins of taxation, stationary bandits, and protection

Figure 5 graphs the proportion of locations in the sample where a stationary bandit is present,

an armed actor collects stable taxes, and an armed actor provides protection. Panel A shows the

results for mines and Panel B for the support village. The solid line indicates such proportion for
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locations endowed with coltan, and the dashed line indicates such proportion for locations that

are not.

Panel A shows the effects of the coltan shock. First, the coltan shock makes induces armed

actors to create stable taxation systems in coltan mines. The proportion of coltan mines with

stable taxation rises from 26% to 64% during the coltan shock, but it remains at 20% before and

after the shock in all other mining sites. Second, stationary bandits are twice more likely to emerge

during the coltan shock in coltan sites than in the rest of sites. The proportion rises from 40%

to 80% during the coltan shock, while it only rises from 40% to 50% in the rest of mining sites.

Third, while the proportion of coltan sites where armed men provide security services rises from

38% to 51%, the corresponding proportion for mining sites that are not endowed with coltan rises

only from 33% to 37%. Panel B shows similar responses at the support village, but much weaker

in magnitude.

The figure also shows that there are no pre-trends. As can be seen in both Panel A and Panel

B, taxation, stationary bandits, and protection in mines and support villages are naturally rising

across the board prior to the coltan shock, reflecting the regional patterns of the First and Second

Congo Wars.57

Finally, the figure illustrates the tendency of such extensive margin effect to persist, even after

the economic conditions revert to their original level. Panel A shows that it takes six years for the

proportion of coltan mining sites with taxation by armed actors to revert to its original pre-shock

level (four years until its difference with gold is the same as in 1999), seven years for stationary

bandits (3 years until it recovers the same difference as to gold in 1999), and five years for the

provision of public security services (3 years until its difference with gold mining sites is equal).

Such persistence can reflect that creating a monopoly of violence entails a relatively large fixed cost

(waging a conquest, building ties with the population, investing in an administration, gathering

information, building legitimacy, and initial physical and administrative investments). I discuss

the reasons for persistence and the presence of such a fixed cost in Section 5. Such persistence

may also simply reflect that the local price for coltan persists beyond the world price. Figure 1

shows that the local price for coltan indeed takes a few years to recover. Tables F.1 to F.3 in

Section D present the analysis on persistence. 58

57The First and Second Congo War, while initially politically motivated, provide a suitable environment to
examine the behavior of predators, and how their strategies respond to changes in the economic environment.

58See United Nations Security Council (2002): local coltan intermediaries expected that the price of coltan
would return to its high 2000 level, yet it never returned, and the local intermediaries went bankrupt around 2004.
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Table 1 shows the results from specification 1 in a regression framework: I regress a dummy of

the outcome of interest on year fixed effects, fixed effects for the cluster of mining sites (munici-

pality), as well as the main interaction, γc Ci p
US
c,t . Panel A examines the extensive margin at the

mining sites. I report the results for the following outcomes: output taxes (column 1), labor fees

at the mine (column 2), presence of a stationary bandit (column 3), presence of security service

(column 4), and the extensive margin index (column 5). Panel A suggests that the world price

of coltan leads to the emergence of Tilly (1985)’s essential functions of the state on the extensive

margin. In Section E, I describe 12 robustness checks I perform on each outcome.59 The results

of the robustness exercise are identical across the board.

Having examined the extensive margin effects at the production sites in Panel A, Panel B

replicates this analysis for the support villages. Since there are no mineral output taxes or mineral

labor taxes at the support villages, instead of such taxes I simply examine the presence of any

type of stable taxation. The most frequent form of village taxes are head taxes, which are usually

collected by the stationary bandits themselves — see Section 5. The rise in the price of gold

leads to a significant extensive margin effect at the support village, even if it had no effect at the

mine. This result is consistent with the fact that it is difficult to tax gold output, since it can be

smuggled, but the higher incomes induced by the gold shock can be taxed at the support village,

where miners spend their income. This makes it attractive for stationary bandits to station at the

support villages, especially when the price of gold is high.

Yet, the physical properties of the output of coltan and gold have additional implications for

heterogeneous effects. First, since coltan’s value to weight ratio is very small, but its real produc-

tivity is high, it is usually not profitable to use the road infrastructure to transport large volumes

of coltan. Anecdotal evidence indeed suggests that most coltan output accesses global markets

through local airplanes, which transport coltan from local land stripes near the mines to the cities

of Bukavu and Goma, or even Rwanda. It is thus reasonable to expect that coltan mines far from

local land stripes may not be very profitable. Second, a key assumption for gold is that labor is

59Column (1) implements specification 1. Column (2) adds mineral time trends. Column (3) adds region*year
fixed effects. Column (4) adds leads and lags of the regressor. Column (5) implements Arellano-Bond. Column
(6) implements Arellano-Bond with mineral time trends. Column (7) includes the interaction with the dummy
indicating distance to local airports, Ci p

US
c,t D

a
i , as well as the corresponding interaction term pUSc,t D

a
i . Column (8)

includes in addition the analogous interactions for the distance to the road, Ci p
US
c,t D

r
i and pUSc,t D

r
i . In Column

(9), I implement a weighted regression using working memory scores as weights. Column (10) replicates the main
specification, clustering the standard errors at the municipality level. Column (11) clusters at the region*year level.
Column (12) instruments the local price of coltan with its world price. Column (13) replaces the time invariant
coltan (gold) endowment dummy with an indicator of past coltan (gold) output.
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also difficult to tax. If stationary bandits can impose a tax on labor, for instance a daily fee, they

should be better able to internalize the increase in the price of gold. A crucial distinction is thus

whether the gold mine is alluvial (along rivers), where labor can usually evade any sort of taxes as

anyone can mine gold along kilometers of river, or whether the gold mine is underground. In un-

derground mines, it is straightforward to regulate labor and impose a labor tax. To examine these

additional testable implications, I compute the distance of each support village to airports and

the distance to rivers using an external dataset, which contains the universe of local airports and

the cartography of rivers (Référentiel Géographique Commun, 2010). I then extract the shortest

distance for each support village, and construct a dummy indicating whether the shortest distance

is above the median of the distribution of shortest distances in the sample.60 Table 2 presents

the results of the full specification, replicating the structure of Table 1. For all columns, I include

for symmetry both the interaction with the distance to airports dummy and the interaction with

the distance to rivers dummy for coltan and gold. Panel A, which focuses on the mine results,

shows that the effect of the coltan price shock is concentrated in mines whose municipality center

(the support village) is closest to airports. In fact, the effect is basically zero for mines above the

median of shortest distance to an airport. In contrast, neither distance to airports nor distance

to rivers have any effect on the extensive margin at the mines for the gold price shock. Turning

to Panel B, the support village effects, two results emerge. First, the absence of an effect of the

coltan shock in the support villages on average masked a reallocation of stationary bandits from

villages far from airports to villages close to airports, consistent with the main effect. Second,

while the gold price shock continues to have significant effects on the extensive margin in support

villages, the last row of the table indicates that such effect is, in fact, concentrated in support

villages that are near rivers. This is consistent with taxation of labor being also more challenging

in alluvial gold, and income leaks over to the support village.

To summarize, the findings show that the coltan price shock leads to drastic extensive margin

effects at the mines where coltan is mined, and especially so in mines that are close to airports,

where coltan can be shipped, but the gold price shock does not have such effect at gold mines,

where it is on average more difficult to tax. Instead, the gold price shock leads to detectable ex-

tensive margin effects at the support village, where the now richer population spends their income,

and so especially near rivers, where gold output is even more difficult to tax.

60This allows me to prevent outliers from driving the result. The results using distances are identical.
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4.3 Mechanisms: how do stationary bandits arise, and from where?

In this section, I present details on the mechanisms.

I first introduce a categorization of stationary bandits according to their social origin and

formation process, as well as the objective. Table 3 presents the categories: on the one hand,

village militia and regional militia are popular mobilizations that emerge in village or the vicinity

of the village, from popular processes; on the other hand, external organizations are not from the

area, most often “foreign” ethnic groups.61 I consider the Congolese army in isolation from other

external organizations, because they, in theory, represent the interests of the population.62

Panel A shows the characteristics of these stationary bandits at the support village. Of 624

support village episodes, external groups are the largest set (n=235) but their number equals

the number for village and regional militia jointly (column 1). On average, village militia have

5 members of the organization who share ethnicity with the chief, in contrast to less than one

for external groups (column 2). Also, 41% of episodes of village mobilizations have a majority

of members who are coethnic to the villagers, against 26% for external groups and 7% for the

Congolese army (column 3). The Congolese army enjoys 63% of years where they have legitimacy,

against 29% for local militia, and 26% for external groups (column 4). Finally, the population

opposes external groups most frequently (22%), followed by 20% for regional militia, 18% for

village militia, and 6% for the Congolese army (column 5). Panel B shows selected actions of the

stationary bandits by type. Column 1 shows that external groups and regional militia, those most

in need of obtaining legitimacy, are also the most likely to organize legitimation campaigns in the

village (respectively 49% and 16%). While most types collect the head tax in the village (column

2), the tax is only perceived as fair when raised by the village militia, and so in only 21% of cases

(column 3). All groups provide security, especially the Congolese army (column 4).

I can now examine the following question: in response to the price shocks, do villagers form

their own militia, or are the new stationary bandits external armed groups? Figure 6 breaks

down the main extensive margin result into the different types of organizations.63 Two results

61This categorization is also common in the literature on the D.R.C. conflict. See Marchais (2016): “The [Mai-
Mai and the] Raia Mutomboki, the particularity of both these movements was the fact that at least in their initial
stages, they were supported and mediated by local structures of authority and social organization and enjoyed
substantial levels of popular support, in sharp contrast to more “top down” insurgencies such as the CNDP and
M23.”

62These include the Tutsi dominated RCD, CNDP, AFDL, M23, PARECO, and the Hutu FDLR /Interahamwe.
63Columns (1)-(6) of Table F.12 show the results, respectively, for village militias, regional militias, and external

organizations. Columns (4)-(6) separate the DRC Army, Tutsi groups, and Hutu groups.
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emerge. First, the extensive margin effect of the coltan shock is driven both by regional militia

and Tutsi groups, but also by the emergence of village militia. Second, the gold shock changes the

composition of armed organizations. As the price of gold rises, village militia and the Congolese

army are more likely to control gold mines (columns 1 and 4 of Table F.12). The likelihood that

regional militia, Tutsi groups, or Hutu groups control a gold mining site decreases with the gold

price. Furthermore, the extensive margin effect of the gold shock stems mostly from armed actors

affiliated to the Congolese army (Panel 1 of Table F.12). While armed actors are equally present

across periods, the Rwandese Hutu and Tutsi dominate the responses to price shocks in the first

half of the sample, while Congolese armed actors, state and non-state alike, respond to the price

shock in the second period. The economic logic of the conflict becomes more Congolese.64

5 Intensive margin of the essential functions of the state

Ensuring the essential functions of the state at coltan mines requires minimal organizational forms.

What leads such newly formed monopolies of violence to intensify their administration?

Consider a stationary bandit who is located in a given municipality. As the price of coltan

rises, he simply needs to set up a customs unit and provide protection at the stages of production

and trade, in order to maximize his tax revenues — if he is able to control the production site.

There is not much value in creating or formalizing an administration. As the price of gold rises,

the population under his control has higher incomes, even if he is unable to impose a tax on gold

64Table F.13 breaks down the main coltan effect by whether the location has a stationary bandit in t− 1, and
by location in the municipality (mines vs. support village). Columns (1)-(5) report the mining sites’ results, and
Columns (6)-(10) the support village results. Panel A restricts the sample to mining sites where a stationary
bandit was not present in t− 1, Panel B to support villages where a stationary bandit was present in t− 1; Panel
C restricts the sample to mining sites where a stationary bandit was present in t− 1; Panel D restricts the sample
to support villages in which a stationary bandit was present in t− 1. Columns (1)-(3) and (6)-(8) show the basic
extensive margin outcomes, and columns (4),(5), (9), and (10) show the results on violence. The table shows that
the extensive margin effect is mostly explained by the emergence of stationary bandits in coltan mining sites that
did not previously have a stationary bandit (Panel A). Furthermore, Panel B and D uncover that the coltan shock
leads to an extensive margin effect in support villages that did not have a stationary bandit in t− 1. Furthermore,
the coltan shock leads to an increase in external attacks in coltan mining sites (Panel A) and in support villages
associated with coltan mining sites (Panel B), which are plausibly reflecting the increase in contestation. While
none of the price changes induce existing stationary bandits to engage in pillages against their own households,
the increase in the price of gold tends to be associated with higher likelihood of security provision and lower rates
of external attacks in gold villages (Panels A, B, C, D). The results on mechanisms that emerge from the gold
shock have to be taken with caution, since, as the gold price rises, the composition of armed groups also changes.
Section 5 directly tackles this compositional effect.
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output at the mining site.65 The stationary bandit has instead incentives to capture this increase

in incomes by taxing all other forms of economic activity that are dependent on such incomes:

consumption, wealth, and any other economic transaction. Such taxes often face substantial tax

evasion and tax avoidance, because it is easy to hide consumption, population traffic, and small-

scale transactions. As the price of gold is high, the stationary bandit has therefore an added

incentive to attempt to increase the cost of tax evasion of such behavioral margins — fiscal and

legal capacity (Besley and Persson, 2009)

I next turn to describing how stationary bandits organize, and intensify, their trajectory of

state formation. Following the organizing question as described in Section 2.3, Figure 7 breaks

down the type of activities that the stationary bandit engages in along the following dimensions:

taxation (fiscal sophistication), administration, economic regulation, legitimation efforts, public

service, and political power. The unit of observation is support village*years.

I begin with taxation. Panel A shows whether the stationary bandit raises a head tax, whether

he organizes (or instead, delegates) the collection of such tax, as well as whether the group raises a

toll tax, a mill tax, a market tax, and whether the group creates forced debt.66 In more than 60%

of years in which they are in control, stationary bandits raise a head tax, and about half of them

collect the head tax themselves. Groups organize the collection of toll taxes and market taxes 40%

of the time, and collect mill taxes or issue forced debt in 10% of years. Panel B shows the average

sophistication of the stationary bandits’ administrative capacity. I measure whether stationary

bandits manage the fiscal administration of the village, as well as proxies for the formalization

of such administration: the presence of a written constitution, written contracts, written official

communications by the group, and the existence of a group seal for official communications. In

50% of years in power, stationary bandits manage the village fiscal administration (75% in the

case of North Kivu). Written official documents by the group and a group official seal exist in

the majority of cases in which the group administers the village. I also measure the creation

of stationary bandit legal capacity. Stationary bandits manage the legal administration of the

village — justice and dispute administration — 55% of years. Panel C examines the regulatory

framework created by stationary bandits. Stationary bandits regulate traffic of persons 42% of

65Labor supply at the mines is basically infinitely inelastic: the marginal hours of work on alternative occupations
are drastically less profitable, and there is an infinite supply of workers due to population mobility.

66Toll taxes, market taxes, mill taxes, and forced debt are always organized by groups when they exist. Head
taxes, however, because they usually face endowment effects, can generate resentment. For that purpose stationary
bandits often rely on the chiefs to collect head taxes.
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the time, and rarely create local markets (8 occurrences in North Kivu). They regulate private

firms 7% of the time, and are directly engaged in trade in 10% of years. Panel D examines the

legitimation efforts of stationary bandits. Stationary bandits are directly engaged in organizing

propaganda campaigns in 40% of the years in which they are present, and organize initiation rituals

in 30% of years. Individuals who have supernatural powers are a major source of legitimacy (and

contestation) through their connections with dead ancestors. To subvert autonomous forms of

supernatural legitimacy, stationary bandits often replace pre-existing witch-doctors with their

own. Panel D shows that stationary bandits hunt local witches, to replace them with their own

witch-doctors in 17% of years. On average, in 30% of the years they govern, stationary bandits

are perceived as legitimate, while they face no opposition in 81% of the years. Panel E then

examines the provisions of public service by stationary bandits. Consistent with the well-known

centrality of security as a major concern in eastern Congo, stationary bandits provide security in

45% of the years, but rarely provide health, education, roads, or other public or private services.

Finally, Panel F examines the usurpation of political power by the stationary bandit. Political

power is an important aspect of the trajectories taken by stationary bandits. Indeed, traditional

chiefs precede stationary bandits and are usually the ultimate political authority in the village.

Stationary bandits may replace traditional chiefs, or simply rule through them. Panel F suggests

that stationary bandits rule by subverting traditional chiefs in 40% of the years, and let the chief

rule for them in 40% of years. The remaining 20%, the share political power. On average, a

stationary bandit is an organization of 10 armed men in the village.67

This suggests that establishing a monopoly of violence can have a fixed cost — for instance if

legitimation, administration, knowledge of the village is an investment that the stationary bandit

can inherit across periods. To illustrate the nature of such fixed cost, I use my own qualitative

information. First, prospective stationary bandits often pillage the entire village to signal their

strength, and deter non-compliance; this allows them to govern with higher compliance in the

future. This is usually a risky tour de force. Second, they have to conduct a village census, to

know who is in the village and who needs to be taxed. Third, they have to build relationships with

local elites, so that local elites convince villagers to support the group (legitimation). Fourth, they

have to gain the support of the population, to reduce the risk of information leakage and to obtain

67Of all the outcomes described above the sample from South Kivu, collected first, only contains information
about fiscal sophistication, fiscal and legal administration, and political power. The analysis in this section focuses
on the data that is present for the entire sample, but will also present the results on the richer data, limited to
North Kivu. The labels in Figure 7 are marked with “∗” for the variables only present in the North Kivu sample.
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voluntary assent on those dimensions of behavior that are difficult to contract. This legitimation

effort takes time and multiple sensitization campaigns. Fifth, they take time to acquire information

about the village, the distribution of wealth to be taxed, the threatening individuals, and the social

networks that prevail — such information is extremely valuable for the group to avoid tax evasion

and to prevent collaborations with enemies. They often hire spies who infiltrate the village for

that purpose. Last, if they administer the village, they need to train informants, tax collectors,

agents for the local monopolies, and build relationship with civilians.

I then turn to the econometrics to show that such fixed cost matters for the organization of

taxes. I regress whether the armed group holds the village fiscal administration on the number

of years that the armed group is in power in the village. Figure F.9 shows that the stationary

bandit is more likely to manage the village fiscal administration himself for each additional year

in power. This result is consistent with Henn et al. (2017), where I find that the tendency to rely

on the chief (governing ‘on the cheap’) decreases with the years in power, and the tendency to

implement the policies themselves increases over time.

In light of the previous discussion, two obvious confounds can threaten the validity of comparing

the coltan shock to the gold shock and the intensive margin.68 First, the composition of stationary

bandits changes before and after the gold price shock (see Table F.12 and Figure 6). Stationary

bandits vary starkly in their styles of governance along the intensive margin. This creates a

selection bias. For instance, while village self-defense groups and the Congolese army manage the

village fiscal administration in 14% and 17% of years in which they are the stationary bandit, the

Tutsi-led CNDP group does so in 88% of years.69 Second, since stationary bandits appear in 1996,

the average length of a given stationary bandit in a given location (henceforth, stationary bandit

tenure) is mechanically higher when the price of gold is high: the median tenure before 2002 is

3 years, against 6 years after 2002.70 This can threaten validity, since more tenure is associated

with higher likelihood of having an administration — see Figure F.9 in the online appendix.

To examine the impact of the coltan and gold shocks on the intensive margin of state formation,

68For a detailed analysis of the margins of direct and indirect rule by armed groups, and the determinants of
these two different modes of administration, see Henn et al. (2017).

69The corresponding proportions for the main groups are: ADF NALU (25%), AFDL (58%), Tutsi-led RCD-
Goma (74%), Hutu-led FDLR (64%), Mayi-Mayi (40%), Nyatura groups (100%), Raia Mutomboki (60%), and is
even 100% for some Mayi-Mayi factions and the FDLR-Tanganyika.

70The median tenure by year is: 1996 (1 year), 1997 (2 years), 1998 (3 years), 1999 (2 years), 2000 (3 years),
2001 (4 years), 2002 (5 years), 2003 (5 years), 2004 (5 years), 2005 (5 years), 2006 (4 years), 2007 (4 years), 2008
(4 years), 2009 (5 years), 2010-2013 (6 years).
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I consider the intensification of taxation and administration. First, I measure the vector of taxes

collected by armed groups in the village (fiscal sophistication). Second, I examine the deployment

of an armed group administration in the village (fiscal state capacity). Third, I examine whether

the stationary bandit organizes a dispute resolution mechanism (legal state capacity).

Table 4 reports the results of the baseline specification, where I include stationary bandits’

affiliation and tenure fixed effects to account for the selection biases created by the gold shock.

Columns (1) to (8) focus on the support village, and Column (9) on the mining site. Columns

(1)-(4) consider head taxes, mill taxes, market taxes, and taxes on population transit. Column (5)

examines whether the stationary bandit manages the fiscal administration. Column (6) considers

whether the stationary bandit organizes a dispute resolution mechanism (legal administration).

Column (7) uses an intensive margin index, accounting for fiscal sophistication and administrative

capacity.71 Column (8) uses a similar index, but examines more comprehensively all the actions

taken by the stationary bandit, which following Henn et al. (2017), I label direct rule index.72

Column (9) uses the only intensive margin outcome observed at mining sites, the creation and

management of a fiscal administration.

The increase in the price of gold induces state formation on the intensive margin. Columns (1)

to (4) of Table 4 show that the gold shock induces stationary bandits to collect more taxes. The

stationary bandit is also more likely to develop a fiscal and legal administration (columns 5 and

6). Columns (7) and (8) confirm this effect. The coltan shock fails to produce this effect at the

mines (column 9), indicating that the monopolies of violence created to tax coltan output involve

minimal administrative capacity. Figure 8 replicates the results graphically.

Figure 8 also shows that in contrast to the gold price shock, the increase in the price of

coltan induces a crowding-out of the intensive margin at the support village. First, armed groups

decrease the collection of transit taxes on economic activity in a coltan support village (columns

1-4). Second, they are less likely to sustain fiscal and legal administrations (columns 5 and 6).

This section has shown that the increase in the price of gold, whose output is hard to tax, has

little effect at gold mining sites. However, it leads stationary bandits to emerge in the location

where economic activity that can be taxed takes place (support village). Accompanying such

extensive margin effect at the support village, stationary bandits multiply the taxes that they

71The dependent variable is a normalized index (with mean zero and standard deviation of one) derived from
principal component analysis of the administrative outcomes of columns (1)-(6).

72Such data was only collected in the project’s extension in North Kivu.
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collect on the different economic activities, and develop fiscal and legal administrations to support

such extraction. In contrast, the price of coltan creates a crowding-out effect at support villages,

as stationary bandits reduce their intensive administrative involvement at the support village. The

coltan shock produces a negative resource curse, as it makes armed organizations less dependent

on taxing and administering populations at the support village, and instead tax mineral trade with

minimal administration. Such administrative switch is usually associated with weak accountability

and rentier states (Bannon and Collier, 2003). In Section E, I present the results from 12 additional

robustness checks. The results are robust across all specifications.

6 Implications for welfare: surplus and redistribution

In this section, I study the effect of stationary bandits on total surplus as well as their effect

on household welfare. Since the most valuable economic activity is work at the mine, I begin

by developing a measure of economic surplus that proxies mine output with the intensity with

which the mine is active, and evidence about the supply of labor at the mine. I then consider

the welfare of the civilian population. I take advantage of the fact that investments and savings

are well-defined events that are particularly easy to recall. In particular, when they have excess

liquidity, households usually acquire cattle, or use the liquidity to pay for bride price and get

married.73 I use principal components to construct an index of savings and investment using the

household level history of cattle acquisition, and the yearly marriages that villagers celebrate.74

I also consider the provision of security services. Finally, households can reveal their preference

for amenities by their decision of where to leave. I thus examine the migration history to elicit

households’ preference for living in a stationary bandit municipality.75

73Both cattle and brides play the role of an asset, which is costly to acquire, but will yield returns each period in
the future: cattle can yield agricultural produce, and brides produce and reproduce labor for the household. With
forward-looking consumers who smooth consumption, income shocks should translate into fluctuations in investment
and savings. Since this is a bride price society, and a large fraction of households are liquidity constrained, higher
income should increase the demand for marriage.

74The index of household savings combines the yearly ownership of pigs, goats, cows, wives, and children.
75If the population is mobile, migration may induce non-coercive Tiebout competition between stationary ban-

dits.
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6.1 Estimation using heterogeneous effects of the coltan shock

Table 5 presents the results of the main welfare analysis using these outcomes. I compare the

welfare effect of the coltan shock in locations where a stationary bandit is present to its effect in

locations where there is no stationary bandit. I further consider whether the stationary bandit is

a popular militia — and thus puts a heavier weight on the population’s welfare — or an external

organization. Column (1) uses as a dependent variable the proxy for surplus generated through

mining activity.76 Column (2) and (3) use households’ occupational choice as an indication of

the relative profitability to mine, instead of agricultural production. Column (4) regresses the

household index for assets. Column (5) uses the number of weddings that are celebrated in each

municipality each year as a dependent variable. Column (6) uses as dependent variable a dummy

indicating whether the stationary bandit provides security services in the mine in a given year, and

Column (7) does the same for the presence of a curfew imposed by the stationary bandit, a common

strategy to monitor pillagers and provide security at night. Column (8) uses the village level data

for the yearly total number of immigrants to the village, and Column (9) for the yearly number of

emigrants from the village.77 All household level outcomes are collapsed at the municipality*year

level. The coefficients on CiSBit and CiSBitMilitiait suggest that stationary bandits increase

the surplus. Furthermore, the welfare of households increases most when the village is controlled

by a militia.78 While the coltan shock in villages without a stationary bandit (line 1) increases

village ceremonies (weddings), the effect indistinguishable in coltan municipalities that have an

external stationary bandit. External stationary bandits are associated with larger surplus, but

the population does not benefit. In contrast, the surplus and welfare are both larger under a local

militia (line 3). Columns (4) and (5) also show that the increase in household income is significantly

larger under a local militia than with any other stationary bandit, and than without any stationary

bandit. Similarly, columns (8) and (9) show that the coltan shock induces immigration if a popular

militia was in power.79 However, stationary bandits may self-select into municipalities with the

best tax potential. To rule this out, Table F.14 includes the time-varying effects of time invariant

covariates that predict stationary bandits’ location — distance to airports. The results remain.

76The dummy mine surplus indicates whether the mine was actively producing in that year.
77Like for weddings, the results are the same whether I use the number or instead use a dummy.
78Columns (1)-(3) indicate that coltan shock increases the surplus, but only if the mines are controlled by a

stationary bandit. Row 2 shows that the surplus is larger when a stationary bandit is present.
79See Table F.14 for the additional controls, and Table F.16 for the instrumented version in the online appendix.
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6.2 A national peace agreement as IV for stationary bandits

In this section, I employ a second empirical strategy to improve identification of the causal effects

of stationary bandits on welfare. To establish identification, I use the timing and spatial targeting

of a peace agreement as an instrument for the withdrawal of stationary bandits (the Sun-City

agreement). In 2003, the major armed organizations active in the Congo agreed to vacate the

east. Many stationary bandits, linked to such organizations, or sharing a political representative,

abandoned the villages they used to control as a result. The withdrawal resulted in a security

vacuum (Stearns, 2013). By 2005, the RCD had abandoned all their villages. I instrument the

presence of a stationary bandit with the timing of the peace agreement, interacted with whether the

village was concerned by the agreement in 2002. This difference-in-differences approach allows me

to estimate the local average treatment effect on welfare in villages that “comply,” i.e. where the

stationary bandit complies to the peace agreement.80 The second and first stage are, respectively:

Yit = αi + βt + aŜBit + εit

SBit = ηi + γt + bPOSTt ∗ SB2002
i + uit

where i indicates the support village (the mining site for data at the mine level) and t indicates

the year. POSTt is a dummy indicating observations after 2002, and SB2002
i a dummy indicating

whether a location was under the control of a stationary bandit in 2002. Yit are village level welfare

outcomes; αi are municipality effects, and βt are year effects. The coefficient a captures the effect

of a stationary bandit on welfare, assuming there are no differential time trends. To account for the

possibility that mineral prices explain the timing of the agreement, I include controls for mineral

endowments interacted with their prices as well as the time varying effects of constant geographic

controls. Tables F.17 and F.18 in the online appendix present the estimates. The results confirm

the baseline welfare results. The social welfare changes that result from the stationary bandits are

subtle: on average, civilian households only benefit from such surplus when the stationary bandit

is a village or regional militia, not so much when the stationary bandit is an external group.

80Since the proportion of compliers is high, the estimate is also close to the population average treatment effect.
Table F.19 presents the first stage. Respectively, the proportion of compliers is 63%, 61%, 59% for external groups
(column 3), regional militia (column 2), and village militia (column 1).
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7 Limitations

7.1 Violence and state formation

As this paper has shown, the spike in coltan prices leads to stationary bandits and protection. On

the other hand, it leads to more attacks.

According to existing archaeological evidence, the process of state formation is likely a violent

period of human history. States often formed through war and conquest, with the aim of collecting

tribute.81 If the process of state formation took place in response to increases in the surplus that an

armed elite could appropriate, then the occurrence of violence likely was equally inevitable. As the

historical study of state formation de-constructs the idealized peaceful view of the state, the current

study identifies a rise in external attacks that coincides with the fundamental transformation I

observe. The state formation process of the early state often occurred violently (battles), and the

population often resorted to uses of violent resistance.

The instruments of the paper are not well-suited to separate the effect on the creation of

institutions from the effect on violence, which results from contestation. In fact, the shock jointly

creates the incentives for more state-like structures (there is more to tax and protect) and for more

violence between armed groups (there is more value for the prize). I next illustrate this point.

Let’s define the degree of “state” of a state-in-the-making as the probability that any violence

occurs that is not produced by the stationary bandit (the one who aims to have the monopoly of

violence), conditional on an underlying level of desirability of this location for control. The state

formation process can be defined as a movement along this continuum, from zero to one. Let such

probability, p, be a function of the underlying level of the economic surplus, y (for incomes), and

of the effort made by the stationary bandit at providing security, s, which can be a function of

the underlying level of economic surplus — since the surplus determines the returns of providing

security. The degree of state can thus be summarized by p(s(y), y), where p1(s(y), y) > 0 and

p2(s(y), y) < 0, since when the surplus is higher, there is likely a higher threat from contestation

81Tilly (1990) and Flannery and Marcus (1996, 2012) also argue that the presence of war and violence, is a major
factor accompanying state formation. See, for instance, Flannery and Marcus (2012):“The reason military force so
often seems to be involved in the creation of the first kingdoms is because rival chiefs are unwilling to surrender
their territory and independence voluntarily. [S]tate formation involved thousands of deaths, and thousands of
other people were converted into slaves.”
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of other potential stationary bandits. When the appropriable surplus rises, we have:

∂p(s(y), y)

∂y
=
∂p(s(y), y)

∂s

∂s

∂y
+
∂p(s(y), y)

∂y

The first term, ∂p(s(y),y)
∂s

∂s
∂y

, is the increase in the degree of state that results from the increase in

the effort made by the stationary bandit to secure property rights (for producers and for himself)

that reflects the increase in the returns to do so ∂s
∂y

. This is the positive “state formation” effect.

The second term, ∂p(s(y),y)
∂y

, is the effect resulting from contestation: as the surplus increases, more

stationary bandits want to use violence to take away monopoly rights to the current stationary

bandit. This violence takes the form of territorial conquests, or battles between potential station-

ary bandits. The coltan price shock leads to the two effects combined: stationary bandits form,

they provide effort to protect property rights, but there is also a spike in attacks that reflects

contestation. The increase in the degree of state I observe is thus a lower bound for the actual

increase in the degree of the state, if one would be interested only in the increase of protection,

conditional on the underlying threats (s).82 To isolate such effects, one would need the environ-

ment of Eastern Congo with one bandit who can afford to become stationary — he would increase

his degree of monopoly of violence (over roving bandits who only expropriate producers), without

facing contestation for his monopoly rights. However, the shocks occur during war. The presence

of the war, while it makes challenging the exercise of isolating violence from state formation, po-

tentially makes this context even more relevant to study sate formation as discussed above.

Figure 4 shows the effects on violence. In response to the shock, attacks increase by armed

organizations who are not the stationary bandit. This suggests that the rise in violence reflects

between-groups violence contestation for the control of the territory. To isolate the term ∂s
∂y

, I can

use the inputs provided by stationary bandits to provide security — effort to decrease violence.

Table 1 and Table F.13 show that the price shocks increase efforts made by armed actors to provide

security, as evidenced by the increase in the likelihood that a security patrol is organized.83

82There is also a potential sorting effect: the rise in contestation accelerates the evolutionary process based
on selection of groups according to military capacity. Stronger groups potentially have stronger deterrent effects,
reducing observed violence further after the turnover occurs.

83Table 5 also captures the level of efforts to provide security, but tries to estimate the effect of a stationary
bandit on the presence of such effort. I use the presence of security patrols, and the presence of curfew, to proxy
for such effort. A large number of armed groups, especially local militia, engage in curfew at sunset in order to
decrease the cost of monitoring bandits and threats to security. Households need to remain in their homes as the
security patrol operates. The presence of any stationary bandit increases the likelihood of security patrols.
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7.2 Time frame and state formation

It is important to add caution about the implications of this paper given its time frame, and also

locate the paper in the broader social process of state formation in light of this limitation. The

coltan shock, temporary, leads to the emergence of the “essential functions of the state,” which

then persist years after the coltan price has reverted back. As Figure F.9 has shown, the stationary

bandit is more likely to manage the village fiscal administration himself for each additional year

in power. Yet, such persistence is shorter than the monarchs that ruled successfully over Europe.

While the European states that we see today have evolved from of monarchs that have persisted

for longer time and took longer time to form, they also are a self-selected sample, hence biased,

of the states-in-the-making that existed, many of which failed (see Section 2.3). Such states-in-

the-making, and the process that leads to their emergence, their maturing, and the first steps of

the essential functions of states, are the object of study in this paper — not the emergence of

the modern state itself. This paper only focuses on the start of the state formation process (the

emergence of such essential functions), and very first steps along the continuum spanned by such

process. This is not a sufficient condition for the modern state — but perhaps a necessary one.84

8 Conclusion

While they can use violence to harm and for arbitrary expropriations, armed actors often choose to

maintain a monopoly of violence, tax, and protect if there is a stable surplus they can expropriate

— thus creating the essential functions of states. Armed actors may then intensify such functions

when they need more taxes, for instance, by creating an administration to combat tax evasion

and rise more tax revenues, multiplying the taxes they collect, and creating a legal administration

to administer disputes and ensure a good reputation of contract enforcement and thus secure

investment. Future research should examine the role of legitimate local moral authorities, crucial

for armed actors to govern populations, which likely account for significant variations in the

trajectories of state formation (Gonzalez de Lara et al., 2008, Greif, 2008, Henn et al., 2017).

84Olson (1993) makes a similar point: “Since history is written by the winners, the origins of ruling dynasties
are, of course, conventionally explained in terms of lofty motives rather than by self-interest.”
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Figure 1: Prices of coltan and gold in the US and the DRC

PANEL A: Price of coltan

PANEL B: Price of gold

Notes: This figure plots the yearly average price of coltan and gold in the US and in the DRC, in US Dollars per
gram. Panel A shows the US and DRC prices of coltan. Panel B shows the US and DRC prices of gold. Source:
US prices are taken fromUnited States Geological Survey (2010), DRC prices are retrospectively collected in this
survey. The persistent pattern of local prices reflects the documented fact that local traders expected the price to
rise back to its peak, after the world price fell in 2001 (United Nations Security Council, 2002). The price of gold
in DRC is at times higher than the US price — reflecting measurement error from retrospective price data.
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Figure 2: The structure of a typical municipality
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Notes: This figure presents the structure of a typical municipality. A municipality is composed of land, one
support village (the historical village agglomeration), and mines — where minerals were discovered, and extracted.
The figure also reports the minimum, average, and maximum distance between the support village to a mining site,
recorded in walking hours; most of the time mining sites are only accessible by foot.
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Figure 3: Support villages in the sample

Notes: This map presents the location of the support villages. Support villages with at least one coltan mine
are marked with a circle and cross (red). Support villages with at least one gold mine are marked with a circle
(golden). Support villages with no gold or coltan mines, are marked with a diamond (purple) — the economy of
such municipalities is based on cash crops, coffee, cacao, beans, or other minerals. In each support village, a team
of two surveyors worked during 7 days to reconstruct the year level history of the support village, but also of the
mining sites of the same municipality, associated to that (and only that) support village. The planes indicate the
location of local airstrips. The majority of the villages in this sample are only accessible using local flights from
Bukavu or Goma, and multiple days of travel in the forest. Many of these villages were controlled by armed groups
at the time of the survey, or by the army.
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Figure 4: Location of violence — Attacks

PANEL A: mines (n=411)

PANEL B: support village (n=239)

Notes: This figure presents the proportion of villages that are attacked each year. Panel A respectively shows
such proportion for coltan mines, gold mines, and other mining sites. Panel B respectively shows such proportion
for support villages that have a coltan mine, a gold mine, or any other mine. In both panels, the solid black line
marks the proportion for locations endowed with coltan; the dashed green line marks the proportion of locations
endowed with gold; the dotted line marks the proportion for all other locations. The proportions are expressed in
deviations from their 1999 levels.
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Figure 5: Extensive margin of state formation

PANEL A: mines (n=411) PANEL B: support village (n=239)

Notes: This figure presents the extensive margin outcomes. Rows 1,2, and 3 present respectively the proportion
of sites where stable taxation exists, where a bandit is stationary, and where security services take place. The solid
line, the dashed line, and the dotted line respectively indicate the proportions for coltan locations, gold locations,
and the rest of locations. For mining sites, a coltan location is defined as a mining site endowed with coltan, and
likewise for gold. For support villages, a coltan support village is defined as a support village that has at least one
coltan mining site. The proportions are expressed in deviations from their 1999 levels.
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Figure 6: Decomposition of armed actors by type

PANEL A: mines (n=411) PANEL B: support village (n=239)

Notes: This figure plots the composition of the municipalities in the sample by type of stationary bandit. Panel
A (left) shows the mining site level data, and Panel B (right) shows the support village level data. Rows 1, 2, and
3 respectively show the results for all locations, coltan locations, and gold locations. For mining sites, a coltan
location is defined as a mining site endowed with coltan, and likewise for gold. For support villages, a coltan
support village is defined as a support village that has at least one coltan mining site. The dashed vertical lines
indicate the start of the first Congo war, the Second Congo War, and the “post-conflict” period. Armed groups
started the integration process into the national army after the Sun-City peace agreement of 2003. Integration did
little to change the pre-existing structures of command of the armed groups — many of which later mutinied —
and many new armed groups emerged, such as the multiple Raia Mutomboki factions, various Mai-Mai groups, the
CNDP, the M23 and other groups.
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Figure 7: Intensive margin of state formation — what do stationary bandits do?

PANEL A: Taxation PANEL B: Administration

PANEL C: Regulation PANEL D: Legitimation

PANEL E: Service PANEL F: Power

Notes: This figure breaks down the actions that armed groups do in the support villages they govern. There are
3,818 village*year observations. Panels A, B, C, D, E, and F show respectively the following 6 dimensions of armed
group’s rule: fiscal sophistication (extraction), administration, economic regulation, legitimation, public service,
and political power. The values indicate the proportion of village*year observations where a bandit is stationary
in which each of the outcomes was recorded. The outcomes can vary from year to year within stationary bandit
episode. “*” marks outcomes for which the data was only collected in North Kivu. While these dimensions capture
overall the tendency of armed groups to do rule directly, Panel A and B capture the fiscal and legal investments,
which is the focus of the intensive margin in this paper because they are available for the entire sample and capture
basic administrative development.
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Figure 8: Intensive margin of state formation

PANEL A: mines (n=411) PANEL B: support village (n=239)

Notes: This figure presents the intensive margin results. Panel A shows intensive margin outcomes at the mining
sites. The fiscal sophistication index at the mine (top row) was constructed using principal components on all the
dimensions of the mine tax vector (output taxes, labor taxes, and mining licenses), then normalized to units of
standard deviation centered around its mean; the administrative index (bottom row) measures whether the mine
was administered by armed groups. Panel B shows the outcomes at the support village. The fiscal sophistication
index at the village (top row) was constructed using principal components on all the dimensions of the village tax
vector (head tax, toll tax, mill tax, market tax), then normalized to units of standard deviation centered around
its mean; the administrative index (bottom row) was constructed using principal components on the dimensions of
the village administration (fiscal and legal administration), then normalized to units of standard deviation centered
around its mean. The solid line, the dashed line, and the dotted line respectively represent the mean outcome
among coltan locations, gold locations, and the rest of locations. For mining sites, a coltan location is defined as
a mining site endowed with coltan, and likewise for gold. For support villages, a coltan support village is defined
as a support village that has at least one coltan mining site. To construct these series, I first projected the indices
on fixed effects for stationary bandit years of tenure in the location, to account for changes in the average tenure
of stationary bandits that may correlate with the level of the gold price, as well as fixed effects for each possible
armed group affiliation, to account for compositional effects of armed groups across time. The residuals are then
demeaned, and expressed in deviations from their 1999 levels. See Section 5 for a discussion of stationary bandits’
years of tenure and armed groups’ affiliation.
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Table 1: Extensive margin of state formation

PANEL A: Mines (n=411)
(1) (2) (3) (4) (5)

Output Labor Stationary Security Extensive
VARIABLES Taxation Taxation bandit Service Index

Coltan(i) X pc(t) 0.10*** 0.04** 0.08*** 0.06*** 0.23***
(0.02) (0.02) (0.02) (0.02) (0.05)

Gold(i) X pg(t) -0.05*** 0.04** 0.01 0.01 0.00
(0.02) (0.02) (0.02) (0.02) (0.05)

Constant 0.45*** 0.27** -0.10 -0.17 -0.62*
(0.12) (0.12) (0.17) (0.15) (0.36)

Observations 3,655 3,742 3,702 3,791 3,517
R-squared 0.76 0.75 0.65 0.65 0.68

PANEL B: Support village (n=239)
(1) (2) (3) (4)

Village Stationary Security Extensive
VARIABLES Taxation bandit Service Index

Coltan(i) X pc(t) 0.01 0.03 -0.00 0.03
(0.03) (0.03) (0.03) (0.05)

Gold(i) X pg(t) 0.07*** 0.08*** 0.09*** 0.21***
(0.03) (0.03) (0.03) (0.05)

Constant -0.19 0.01 0.07 -1.34***
(0.24) (0.26) (0.24) (0.50)

Observations 3,818 3,706 3,706 3,706
R-squared 0.54 0.49 0.43 0.54

Notes: *** p<0.01, ** p<0.05, * p<0.1. This table presents the results from specification 1. Panel A presents
the mine level results, and Panel B the support village level results. The mine*year level data is collapsed at the
municipality-year level, conservative, to prevent correlations within municipality-year from leading to standard error
under-estimation. There are 239 municipalities, broken down into 239 support villages, and their corresponding
411 mining sites. All columns include the fully saturated specification, where all possible interactions between
Coltan(i), Gold(i), pc(t), pg(t), are included, alongside with year and municipality level fixed effects. Additional
robustness checks are presented in Section E of the online appendix.
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Table 2: Extensive margin of state formation — Airports and rivers

PANEL A: Mines (n=411)
(1) (2) (3) (4) (5)

Output Labor Stationary Security Extensive
VARIABLES Taxation Taxation bandit Service Index

C(i) X pc(t) 0.18*** 0.03 0.13*** 0.13*** 0.39***
(0.03) (0.03) (0.04) (0.03) (0.08)

C(i) X pc(t) X D(a)(i) -0.16*** -0.08** -0.11*** -0.13*** -0.40***
(0.03) (0.03) (0.04) (0.04) (0.09)

C(i) X pc(t) X D(r)(i) 0.02 0.09*** 0.02 -0.02 0.07
(0.03) (0.03) (0.04) (0.04) (0.09)

G(i) X pg(t) -0.05*** 0.06*** 0.01 0.02 0.03
(0.02) (0.02) (0.02) (0.02) (0.05)

G(i) X pg(t) X D(a)(i) 0.10*** -0.02 -0.05 0.00 -0.01
(0.03) (0.03) (0.04) (0.04) (0.08)

G(i) X pg(t) X D(r)(i) 0.02 -0.07*** 0.05 0.09*** 0.11
(0.02) (0.02) (0.03) (0.03) (0.07)

Constant 0.64*** -0.08 0.31 -0.06 -0.17
(0.15) (0.14) (0.21) (0.18) (0.45)

Observations 3,655 3,742 3,702 3,774 3,517
R-squared 0.77 0.75 0.65 0.65 0.69

PANEL B: Support village (n=239)
(1) (2) (3) (4)

Village Stationary Security Extensive
VARIABLES Taxation bandit Service Index

C(i) X pc(t) 0.09** 0.11** 0.04 0.21**
(0.05) (0.05) (0.04) (0.09)

C(i) X pc(t) X D(a)(i) -0.16*** -0.16*** -0.09* -0.35***
(0.05) (0.05) (0.05) (0.10)

C(i) X pc(t) X D(r)(i) 0.00 0.01 0.01 0.02
(0.05) (0.05) (0.04) (0.09)

G(i) X pg(t) 0.08*** 0.06** 0.09*** 0.21***
(0.03) (0.03) (0.03) (0.05)

G(i) X pg(t) X D(a)(i) -0.03 0.02 -0.04 -0.06
(0.05) (0.05) (0.05) (0.09)

G(i) X pg(t) X D(r)(i) -0.11*** -0.07* -0.01 -0.16**
(0.04) (0.04) (0.04) (0.08)

Constant -0.98*** 0.14 0.13 -1.91***
(0.29) (0.31) (0.29) (0.60)

Observations 3,818 3,706 3,706 3,706
R-squared 0.55 0.50 0.43 0.54

Notes: *** p<0.01, ** p<0.05, * p<0.1. This table presents the results from specification 1, with the inclusion of
the distances to airports and rivers. Panel A presents the mine level results, and Panel B the support village level
results. All columns add the interaction of the main regressor, Coltan(i)Xpc(t), with the constant municipality-
level dummy indicating whether the municipality’s shortest distance to an airport is above the sample median,
D(airport)(i), and so respectively for distance to rivers in gold. The mine*year level data is collapsed at the
municipality-year level. There are 239 municipalities, broken down into 239 support villages, and their correspond-
ing 411 mining sites. All columns include the fully saturated specification, where all possible interactions between
Coltan(i), Gold(i), pc(t), pg(t), are included, alongside with year and municipality level fixed effects. Additional
robustness checks are presented in Section E of the online appendix.
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Table 3: Decomposition of stationary bandits’ episodes into village militia, regional militia, external armies

PANEL A: STATIONARY BANDIT’S CHARACTERISTICS, BY TYPE

Episodes Coethnicity Coethnicity Bandit Population
with chief with villagers legitimate Opposes

# # members (of 5) % years % years % years
coethnic with chief

External groups 235 .7 26 26 22
Congolese army 156 1.8 7 63 6
Regional militia 105 1.5 38 20 20
Village militia 128 4.6 41 29 18

PANEL B: STATIONARY BANDIT’S ACTIONS, BY TYPE

Legitimation Collection of Tax is Provides Administers
Campaigns Head tax fair Security Village

% years % years % years % years % years

External groups 49 67 3 41 62
Congolese army 18 38 6 88 15
Regional militia 47 84 0 32 64
Village militia 16 76 21 42 49

Notes: This table presents the categorization of stationary bandits into the four main types: village militia, regional militia, Congolese army, and external
organizations. Village militia are stationary bandits that emerge in the municipality as a popular mobilization. Regional militia are popular mobilizations
that emerge in the region, but not in the municipality. Regional militia include the many Mayi-Mayi factions — Janvier, Kaganga, Kasingie, Kifuafua,
Padiri, Lafontaine, Lulwako, Mudohu, Katalayi, Mze, Nyakiliba, Sim, Samy, Surambaya — Raia Mutomboki (all factions), Nyatura, Batiri, Katuku, and
Mbaire. External organizations are not from the area, most often “foreign” ethnic groups. External organizations include the Tutsi-dominated RCD, CNDP,
AFDL, M23, and PARECO, the Hutu-dominated FDLR (including FDLR Tanganyika) and Interahamwe, as well as other groups, such as ADF-NALU. I
consider the Congolese army in isolation from other external organizations, because they (imperfectly) represent the interests of the population. The data
comes from the support village, where the survey collected most detailed information about governance. Panel A shows key characteristics, and Panel B
shows some of the most prevalent actions. The number of members coethnic with chief is the number of members among the leading 5 members of the
stationary bandit unit controlling the village.
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Table 4: Intensive margin — Trajectories of state formation: fiscal sophistication and administrative capacity

PANEL A: PANEL B:
Support village (n=239) Mines (n=411)

Intensive Direct
Administrative margin rule

Fiscal sophistication capacity index index*

(1) (2) (3) (4) (5) (6) (7) (8) (9)
Poll Mill Market Transit Fiscal Legal Mine

VARIABLES Tax Tax Tax Tax Admin. Admin Z-score Z-score Admin.

Coltan(i) X pc(t) -0.03 0.01 -0.02 -0.06*** -0.09*** -0.11*** -0.13*** -0.10*** 0.02
(0.02) (0.01) (0.02) (0.02) (0.02) (0.02) (0.04) (0.03) (0.01)

Gold(i) X pg(t) 0.08*** 0.02* 0.04** -0.00 0.11*** 0.08*** 0.14*** 0.10*** -0.03**
(0.02) (0.01) (0.02) (0.02) (0.02) (0.02) (0.03) (0.03) (0.01)

Constant -0.42* 0.10 0.11 -0.02 0.13 -0.13 -0.72** -0.93*** -0.31
(0.22) (0.12) (0.18) (0.21) (0.18) (0.19) (0.33) (0.31) (0.24)

Observations 4,044 4,071 4,055 4,071 4,107 4,107 4,031 2,508 3,337
R-squared 0.68 0.62 0.76 0.64 0.74 0.74 0.83 0.95 0.87

Notes: *** p<0.01, ** p<0.05, * p<0.1. This table presents the results from Specification 1, applied to the intensive margin. Columns (1)-(4) show
the existence of taxation along all dimensions of the village taxation vector: respectively, poll taxes, mill taxes, market taxes, and taxes on population
transit. Columns (5) and (6) present the administrative capacity results. Respectively, they use as dependent variable a dummy indicating whether the
stationary bandit administers the support village, and whether the stationary bandit administers dispute resolution (justice) in the support village. Column
(7) summarizes all the intensive margin effects using a normalized index as a dependent variable. To construct such index I use principal components for
all fiscal and administrative outcomes of the intensive margin, and create an index centered around zero in units of its standard deviation. Column (8)
uses data collected in the province of North Kivu only, and following Henn et al. (2017), uses an index of direct rule. “*” indicates the variable is only
present in the North Kivu extension sample. Column (9) uses the fiscal administration outcome at the mining sites. All regressions include mining site
fixed effects (or support village,where appropriate), year fixed effects, stationary bandit years of tenure fixed effects (fixed effects for each possible duration
of a given stationary bandit in a given location), and stationary bandit’s armed organization fixed effects, to produce comparisons that are immune to large
compositional changes across periods. The results without the fixed effects are similar, but capture the change in armed groups and stationary bandits’
tenure.
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Table 5: Welfare implications of stationary bandits — decomposition of the extensive margin effect

Output and labor supplies Consumption Public Revealed preference:
and savings goods Migration

(1) (2) (3) (4) (5) (6) (7) (8) (9)
Mine Household Household Household Village Mine Village Village Village

surplus in in savings # Security # #
VARIABLES dummy mining agriculture index weddings service curfew immigrants emigrants

C(i) X pc(t) 0.01 0.02** 0.01 0.03 3.41*** -0.11*** -0.20** 4.05 4.27
(0.02) (0.01) (0.01) (0.03) (0.60) (0.02) (0.08) (17.23) (18.97)

C(i) X pc(t) X SB(it) 0.02*** 0.01** -0.01*** 0.01 -0.22 0.13*** -0.07*** 3.57 0.77
(0.01) (0.00) (0.00) (0.01) (0.17) (0.01) (0.02) (4.57) (5.04)

C(i) X pc(t) X SB(it) X Militia(it) 0.02*** 0.01*** -0.00 0.02*** 0.76*** -0.00 0.12*** 28.60*** 0.24
(0.01) (0.00) (0.00) (0.01) (0.16) (0.01) (0.03) (4.53) (4.98)

Constant 0.55*** 0.02 0.40*** -0.10 1.74 0.18*** 0.48*** 7.68 8.93
(0.03) (0.02) (0.02) (0.06) (1.12) (0.03) (0.06) (31.05) (33.54)

Observations 3,356 1,960 1,960 2,090 3,014 3,484 947 3,039 3,089
R-squared 0.71 0.63 0.78 0.14 0.54 0.71 0.49 0.22 0.17

Notes: *** p<0.01, ** p<0.05, * p<0.1. This table regresses 3 proxies for mine surplus and 5 proxies for household welfare on the main interaction, Ci p
US
c,t ,

the same variable interacted with a dummy indicating whether a stationary bandit is present in mine i at time t, Ci p
US
c,t SB(it), as well as the interaction

t, Ci p
US
c,t SB(it) Militia(it), where the dummy Militia(it) indicates whether a local militia controls the village. Column (1) uses as dependent variable the

proxy for surplus generated through mining activity. Column (2) and (3) use households’ sectoral choice as an indication of the relative profitability to mine
vs. agricultural production. Columns (2) and (3) use a household*year level dummy, averaged at the municipality*year level, indicating for each household
whether the household worked in the mining sector in a given year, and whether the household worked in agriculture. Column (4) regresses the household
index for assets, which I constructed using principal components on the time series for the various household assets, averaged at the municipality*year level.
Column (5) uses the number of weddings that are celebrated in each municipality each year as a dependent variable, to capture income shocks. Column (6)
uses a dummy indicating whether the stationary bandit provides security services in the mine in a given year, and Column (7) for the presence of a curfew
imposed by the stationary bandit in the support village. Column (8) uses the village level data for the yearly total number of immigrants to the support
village, and Column (9) for the yearly number of emigrants from the support village. All household level outcomes are collapsed at the municipality-year
level. All regressions include year and mining site fixed effects (alternatively, support village fixed effects, where appropriate).
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Online Appendix

A Model

A.1 Stationary bandits and taxation in a mine economy

Setup

A mine is composed of k identical miners, j = 1, 2, ..., k. In what follows, I drop the miners

identifiers. Households are endowed with assets and choose the level of the following variables in

n sectors i = 1, 2, . . . , n: labor supply (ei), the amount of labor to hide (eHi ), and the volumes

of output to conceal from expropriation (Hi). Concealed output cannot be expropriated, and

expropriation cannot be conditioned on hidden labor. Consider a mass of roving bandits. Roving

bandits engage in uncoordinated expropriation of miners’ assets and output. When there are only

roving bandits, miners anticipate that their output will be expropriated at period 1 with proba-

bility 1, and do not supply labor, a common pool problem among roving bandits.

One of the roving bandits has a higher endowment in the ability to exercise coercion, and is

the only one who can sustain a monopoly of violence, if he chooses to do so (henceforth, the strong

roving bandit). At period 0, such roving bandit might choose to impose his monopoly of violence

in the mine, at a fixed cost F , thereby acquiring the option of becoming a stationary bandit.85

The stationary bandit can announce his theft plan to miners, a tax plan, in order to maximize

his taxation revenue, although his plan may not be credible. The stationary bandit is a Stack-

elberg leader and miners are uncoordinated followers. At the end of period 1, the newly formed

stationary bandit expropriates. If, at period 0, the strong roving bandit chooses to acquire the

monopoly of violence, he may be able to sustain a relational contract with the miners that allows

him to credibly commit to his promise of theft. In that case, the stationary bandit announces how

much he plans to steal (tax) in order to maximize his revenue, internalizing the static behavioral

responses his tax generates.

The stationary bandit can tax output and labor, using respectively the taxes τ = (τ1, τ2, . . . , τn),

and t = (t1, t2, . . . , tn). Households are partial residual claimants, and sell their output in the world

markets at exogenous price pi per unit of ouput. Output in sector i, Ỹi, is a function of real labor

85The fixed cost captures the costs incurred by attempting to conquer the mine (waging troops, logistics),
maintaining control of the mine, and potentially, the costs of administering the mine.

65



productivity in sector i, α̃i, and the miners’ labor supply, ei: Ỹi = α̃iei. The vector of labor

real productivities, α̃ ∈ Rn has a known probability density function f(α̃). Real productivities

are known only after the miners have supplied labor. Households’ Bernoulli utility is concave in

the unique consumption good, and the dis-utility from labor, c(e), is separable across sectors and

convex in each sector labor supply, where e =
∑n

i=1 ei.

Households’ problem

The miners choose how much labor to supply to each sector ei, i = 1, 2, ...n and how much

labor to hide from labor taxes eHi , i = 1, 2, ...n before they observe output. Upon observing

output, miners choose the volume of output to conceal from taxes Hi, i = 1, 2, ...n, given the

sector tax on output τi and the output price pi. The value of output observable to the bandit is

ỹi = (α̃iei −Hi) pi and observable labor is ẽi = ei − eHi .

The stationary bandit expropriates after miners have allocated labor supply, hidden labor, and

concealed output, using a taxation plan that he pre-announces (there is perfect commitment).

The functions Gi(Hi, pi) and Ei
(
eHi , pi

)
are respectively the costs of concealing output and hiding

labor. The two cost functions are differentiable, monotonically increasing in both arguments,

(Gi
1 > 0, Ei

1 > 0, Gi
2 > 0, Ei

2 > 0) and strictly convex (Ei
11 > 0, Gi

11 > 0). The miners’ problem

is:

The functions: e∗i (p, Fα, τ, t), e
H∗
i (pi, ti), H

∗
i (pi, α̃iei, τi) are the solution to the miners’ first

max
e;H;eH

∫
α̃1
...
∫
α̃N
u

(
N∑
i=1

(
(1− τi) piα̃iei + τipiHi − tiẽi −Gi(Hi, pi)− Ei

(
eHi , pi

)))
f(α̃)dα̃1...dα̃N − c(e)

s.t. Hi ≤ α̃iei, i = 1, 2, . . . , N

eHi ≤ ei, i = 1, 2, . . . , N

order conditions.86

There are N First order conditions for ei, N First order conditions for eHi , N first order conditions

for Hi conditioned on α̃iei plus the N + 1 first order conditions from the constraints. The Kuhn-

Tucker conditions with respect to Hi, i = 1, . . . , N give:

∀ α̃i, u′[τipi −G′(Hi, pi)]µi = 0, i = 1, . . . , N

86Figure A.1 in the online appendix shows concealed volume as a function of realized output.
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and

τipi −G1(Hi, pi) ≥ 0 i = 1, . . . , N

An interior solution is therefore given by Hi < α̃iei and Hi > 0, hence µi = 0 and:

τipi = G1(Hi, pi)

Similarly, an interior solution for eHi is given by eHi < ei and eHi > 0:

ti = E1(eH , pi)

The FOC with respect to ei, i = 1, . . . , N give:

∫
(u′[(1− τi)piα̃i − ti] + µi)dF (α)− λ− c′(ei) = 0, i = 1, . . . , N

for sectors where the hiding constraint is binding, and:

∫
(u′[(1− τi)piα̃i − ti])dF (α)− λ− c′(ei) = 0, i = 1, . . . , N

for sectors where it is not.

Stationary bandit’s problem: policy choice for tax levels

The stationary bandit chooses taxes to maximize his tax revenue subject to the miner’s par-

ticipation constraint: Proposition 1 characterizes the stationary bandit’s optimal tax at interior

max
τ,t

Eα
N∑
i=1

[piτi (α̃ie
∗
i (p, τ, t)−H∗i (pi, α̃iei, τi))− tẽ∗i (p, τ, t)]

s.t. Eu

(
N∑
i=1

(
(1− τi) piα̃iei + τipiHi − tiẽi −Gi(Hi, pi)− Ei

(
eHi , pi

)))
− c(e) ≥M (P.C.)

solutions.
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Figure A.1: Labor real productivity and volume hidden by miners

α∗i (pi, τi, ei)

H∗i (pi, τi)

α̃iei

Hi

Notes: This figure represents the relationship between the volume of output hidden in sector i, Hi, and the realized
output in sector i, α̃iei derived from the miner’s first order conditions. If the realized labor real productivity is below
a certain threshold, the miner is at a corner solution and hides all output. If the realized labor real productivity is
above the threshold, the volume hidden is an interior solution.

Proposition 1. When labor tax is not available, interior solutions satisfy:

τ ∗l
1− τ ∗l

= Eα
1

ε̃yll −
N∑
i 6=l

τiỹi
τlỹl
ε̃yil

where: ε̃yil =
∂ỹi

∂(1−τl)
ỹi

(1− τl) is the elasticity of observable output in the sector.87

Proposition 1 recovers Ramsey (1927)’s result: the optimal tax is inversely proportional to tax

elasticity. This provides a justification for why the optimal tax on gold, easier to conceal, is lower.

The origins of taxation

It is immediate to see that if the interaction between the stationary bandit and the miners was

not repeated, absent social preferences, honoring the taxation plan cannot not be an equilibrium

87If the bandit would instead maximize a social welfare function, such as a Bergson-Samuelson functional, the
optimal taxes would lie between the revenue maximizing taxes and zero. Revenue maximizing optimal taxes can
be derived from the maximization of a social welfare function when the weighted average of the social marginal
utilities is zero. For a review of the optimal taxation literature, see Salanie (2011) and Piketty and Saez (2012).
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outcome: the bandit would be tempted to fully expropriate and the miners would anticipate his

pillage and would not produce. Like pillage, taxation is expropriation. Unlike pillage, taxation

implies commitment to a plan known to the miners. Since miners know the tax rate when they

make choices, taxation cannot in general be full expropriation.

Relational contracts can be useful to explain the conditions under which taxation is sustained.88

Unable to sign formal contracts, bandits can use the value of the future to provide assurance to

the population that they will respect the taxation plan.89

Suppose a bandit has been successful at establishing his monopoly of violence in the mine.

Assume the mine has one sector, with nominal output y = pY and with output tax τ . Let τ ∗ be

the feasible tax that would maximize the stationary bandit’s static tax revenue, if it was credible.

If the bandit honors his taxation plan, T=1, and he obtains τ ∗y. If the bandit reneges on his

taxation plan (he pillages), T=0, and he obtains y. The miners can either work, W=1, or migrate,

W=0. If they work, and the stationary bandit honors his promise, they obtain (1 − τ ∗)y, while

they obtain 0 if he does not. If they migrate, they obtain M . If the bandit pillages and the miners

migrate, the bandit obtains R (roving value). Propositions 2 and 3 establish the conditions under

which a taxation equilibrium exists. Let S denote the number of periods.

Proposition 2. If S = 1, the unique Nash equilibrium in pure strategies is {T,W} = {0, 0}

Proposition 3. Let the game be infinitely repeated with exogenous probability of termination

1 − πs, discount factor β, and effective discount factor π̃s = βπs. A taxation Nash equilibrium

exists, where the bandit plays T = 1 if the miner never migrated, and T = 0 otherwise, and the

miner plays W = 1 if the bandit never pillaged and W = 0 otherwise if and only if:

π̃sR

y
+ 1− π̃s < τ < 1− M

y

A necessary condition is y ≥ ȳ = R + M
π̃s

.

I next characterize the emergence of monopolies of violence.

88I motivate the modeling choice with interviews with armed actors. A first conversation reveals that taxation
hinges on a relationship between the bandit and the population: “To pillage is a sign that we are not going to live
in the mine. To settle in the mine implies that we have to create relations on the mine to deserve the trust of the
population.” A second conversation emphasizes the role future interactions to discipline the bandit: “When we
know we will leave the mine, we try to steal as much as possible. This is why the armed man is never a friend if
he finds no interest in it.”

89If there was a state, the stationary bandit would be illegal, but since there is no state, the stationary bandit
is the one creating and enforcing the law, hence lacks a credible commitment device.
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Bandit’s problem: the origin of the monopoly of violence in a production economy

This section provides conditions under which the bandit will choose to incur the fixed cost F

in order to establish a monopoly of violence in the mine, sb = 1, or remain roving, sb = 0. If

the bandit acquires the monopoly of violence, he has the option to sustain a relational contract

of taxation with the population, so long as the tax that he proposes can be sustained as a self-

enforcing equilibrium. Let Vs, and R be respectively the expected per period revenue when the

bandit chooses to establish the monopoly of violence, or remain roving. Let πs (sb; s−b) ∈ [0; 1] be

a contest success function for property over the monopoly of violence, such that: πs (sb; 0) = 1,

πs (0; s−b) = 0 and πs (1; 1) = πs. If the monopolist of violence is overthrown, his payoffs terminate.

I focus on monopolies of violence where taxation can be sustained as a relational contract, otherwise

the asset value of acquiring the monopoly of violence is identical to roving. Let F be the cost of

acquiring the mine monopoly of violence and β ∈ [0; 1] the time preference.

Proposition 4. The bandit will choose to impose a monopoly of violence if and only if the present

discounted value of his expected payoff as a stationary bandit is larger than under roving banditry:

πs (1; s−b)

1− πs (1; s−b) β
Vs − F >

R

1− β

An increase in the output price for the mineral that is produced in the mine economy thus

increases the returns to form a monopoly of violence. Such effect is more market if the mineral

can be sold in international markets. While the possibility of contestation reduces such effect, the

effect is nonetheless stronger for bandits with a better technology of violence, and thus higher πs.

Testable implications for a production economy

Having presented the model, I now derive testable implications for the effect of rising output

price on taxation, stationary bandits, and battles between stationary bandits. In what follows, I

assume a mine is endowed with one sector, with non-stochastic output, and that only one bandit

can establish a monopoly of violence. Proposition 5 provides sufficient conditions for the effect of

a rise in the output price on the likelihood of taxation.
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Proposition 5. If − π̃sR
y
εyp < ∂τ∗

∂p
< M

y
εyp, a rise in the output price p enlarges the range of

parameters consistent with a taxation relational contract. A sufficient condition for − π̃sR
y
εyp <

∂τ∗

∂p
< M

y
εyp is that labor supply is isoelastic, in which case ∂τ∗

∂p
= 0.

Proof. From π̃sR
y

+ 1− π̃s < τ ∗ < 1− M
y

, the left hand side is decreasing in p and the right hand

side is increasing in p.

I now examine the impact of the output price on the emergence of stationary bandits. Propo-

sition 6 establishes the result when there is only one contender.

Proposition 6. A rise in the output price p increases the profits of a stationary bandit: ∂Vs
∂p > 0.

Allow multiple bandits to compete over the monopoly of violence, πs (sb; s−b) ∈ {0;π}. Propo-

sition 7 examines the effect on contestation.

Proposition 7. ∃ pS, pW ∈ R, pS < pW s.t. ∀p < pS {sb = 0; s−b = 0} is the unique Nash

Equilibrium in pure strategies; ∀pS < p < pW {sb = 1; s−b = 0} and {sb = 0; s−b = 1} are the two

Nash equilibria in pure strategies; ∀p > pW {sb = 1; s−b = 1} is the unique Nash Equilibrium in

pure strategies.

Proposition 8 examines how these effects compare across sectors which differ in the output

taxes that can be raised. For simplicity, I focus on two mines: one with a mineral whose output

can be taxed, c, and a second, whose output cannot be taxed, g.

Proposition 8. This proposition has two parts:

• Heterogeneous effect of a price shock: Let Gi(Hi, pi) = ph
2
H2
i . The effect of a price increase

on the gains of the stationary bandit are larger when hiding output is costlier for the miner,

∂2Vs
∂p∂h > 0. Furthermore, consider two mines, each with one sector. Mine c has only sector

c, and mine g has only sector g. Suppose that hg¡hc. Then: ∂Vs
∂pc
− ∂Vs

∂pg
> 0. This is true for

the specific linear formulation for the cost of hiding function, Gi(Hi, pi), but it is also true

as long as the marginal cost of hiding, phHi is not ‘too increasing’ in p.

I next provide sufficient conditions for a zero optimal tax on output in sector i = g. Let

Hi ∈ R such that ∀Hi < Hi, G
i
1(Hi, pi) = 0. Let αg = sup{Ag}, where Ag is the set of real

labor productivity realizations in sector g. Assumption G1 is αgL ≤ Hi. Let Ti be the fixed

cost of taxing output. Assumption G2 is τ ∗g pg
∫

(α̃geg − Hg) dFg(α̃g) < Tg.
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• Sufficient conditions for the tax on output to be exactly zero, τ ∗i = 0: either i) Assumption

G1, in which case ∀τi > 0, H∗i = α̃iei or ii) Assumption G2, in which case τ ∗i = 0.

Finally, it is straightforward to see that where trade costs are arbitrarily high, the local price

obtained for one unit of mineral will be zero, independently of global changes in demand as long as

demand shocks are not too large so as to render the trade costs affordable. Hence, for mines who

are far from their respective trade infrastructure (for instance, airports for coltan), fluctuations in

global demand should leave the incentives of stationary bandits unaffected.

Proof of propositions 6 and 8 Let ẽ = ei − eHi the observable labor input,

∂EαV

∂pc
= τcEαc

(
ec + pc

∂ẽc
∂pc

)
+
∂ẽc
∂pc

tc > 0,

and
∂EαV

∂pg
=
∂ẽg
∂pg

tg > 0

A rise in the output price in one location increases the value of choosing stationary bandit in that

location through three channels: it raises the value of each unit of output output taxed; it increases

the units of output taxed (if the income effect on labor supply is smaller than the substitution

effect); and it increases the amount of labor taxed. In gold mines, only the third channel affects

the value of holding a monopoly of violence. Let c(e) = 1
2
e2, E(eH) = c

2
e2
H G(H, p) = ph

2
H2 for

simplicity. The miner’s and the bandit’s programs are now, respectively: The optimal taxes are

max
e,eH ,H

(1− τ) pαe+ τpH − t (e− eH)− 1
2
e2 − c

2
e2
H −

ph
2
H2

max
t,τ

τp (αe−H) + t (e− eH)

τ ∗ = 1
2

1
1+s and t∗ = αp

2
c

1+c
s

1+s , where s = 1+c
pα2h . Applying the Envelope theorem to the

bandit’s objective function, it follows that:

∂V

∂p
=

α2p

(1 + s)2

(
1

2
+ s

3 + 4c

1 + c
+
s2

2

c

1 + c

)
> 0

This establishes proposition 2. It is then straightforward to show that an increase in the cost of
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hiding output impacts the tax revenue of the bandit positively:

∂2V

∂p∂h
=

∂2V

∂p∂s

∂s

∂h
=

(1 + c)2

4h2

1 + 3
4
s

(1 + s)3
> 0

This establishes proposition 3 when αg = αc and pg = pc. Let us now allow αg 6= αc and pg 6= pc.

For gold, there is no tax on output, therefore:

∂V

∂pg
=
α2p

2

c

1 + c

We then have:

∂V

∂pc
− ∂V

∂pg
=

α2
cpc

(1 + s)2

(
1

2
+ s+

s2

2

c

1 + c

)
− αgp

2

c

1 + c

=
1

2

α2
cpc

(1 + s)2
(1 + 2s)

(
1− c

1 + c

α2
gpg

α2
cpc

)

As already established, this is positive if αg = αc and pg = pc. When αg 6= αc and pg 6= pc:

∂V

∂pc
− ∂V

∂pg
> 0

⇔

c >
1

r − 1

where r =
α2
gpg

α2
cpc

. Parametrizing the labor productivity and prices of coltan in units of grams (per

day) and dollars per gram produced with the values of 1999, we have r = .000004, thus this con-

dition holds for all values of c. I can go a step further and rescale the partial derivatives, dividing

them α2
gpg and α2

cpc. It is straightforward to show that
∂V
∂pc

α2
cpc
−

∂V
∂pg

α2
gpg

. Note that when output is

uncertain, the optimal tax is a risk sharing contract. Therefore, the impossibility to use the tax on

output generates a welfare loss stemming from the fact that the bandit has less tax instruments

to absorb risk from risk averse miners.

Proof of the second part of proposition 8 Suppose there is only one sector, so I drop

the sector identifiers i. Let G(H, p) = kH
2

2
. The parameter k captures the cost of hiding output.

Let c(e) = e2

2 and the utility function be linear in consumption. Labor supply in this form is
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isoelastic, and the optimal tax is: τ ∗ = 1
2

1
α2+ 1

α2k

. The optimal tax is larger the higher is the cost

to conceal an additional unit of output. At the limit, if output cannot be concealed, and k = +∞,

τ ∗ = 1
2
. This is because labor supply is isoelastic and always equal to 1, which can be seen from

the inverse elasticities rule. If k ∈ R+, 0 < τ ∗ < 1
2
. When α is large τ ∗ approaches its upper

bound, and when α is small, τ ∗ tends to 0. Since αg ≈ 0, the optimal tax in a mine where the

only sector is gold will be low. Furthermore, if αg is sufficiently low so that αgL < H (assumption

G1), the choice of tax is irrelevant and always raises no revenues, since output is always hidden.

Turning to assumption G2, the tax revenue can be written as:

R =
1

2

α2p2

α2 + 1
k

(
α2 (1− τ)− τ

k

)
=

1

4

α4p2

α2 + 1
k

which is strictly increasing in α. Therefore, ∃α s.t. ∀α < α, R(α) ≤ Fg, τ
∗ = 0 and ∀α > α,

R(α) > Fg, τ
∗ > 0 where Fg was defined as the fixed cost of levying an output tax in the gold

sector.

A.2 Stationary bandits and taxation in a consumption economy

Setup: A village economy differs from a mine economy. In a village, there is no production. In-

stead, households, which are the families of the miners who work at the mines, are endowed with

wealth, and save their wealth in assets with different returns. When stationary bandits govern the

village, they hence do not tax production, and instead tax family income directly. To characterize

behavior in a village economy, I draw on Besley and Persson (2009).

Population and timing: The village is composed of two groups: members of the stationary

bandit elite (G = B for bandit), and the rest of the population (G = P for population). In what

follows, I refer interchangeably to members of the stationary bandit elite as “stationary bandits,”

even if there is only one stationary bandit organization in the village (one monopoly of violence),

since such organization can be composed of n ≥ 1 individuals. When a stationary bandit group has

chosen to take power, the stationary bandit elite always governs the monopoly of violence, and the
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population never does. This assumption illustrates the autocratic nature of states-in-the-making,

where the asymmetry of power is sufficiently large (stationary bandits have the guns), there are no

elections, and the likelihood of overthrow is zero - if there is a rebellion, which is very unlikely, the

stationary bandit simply leaves the village, and thus many of the dynamic considerations of state

capacity are not at play. Each group is respectively the shares βB and βP of the entire village

“population.” There are two periods, s = 1, 2.

Investment and savings: each villager is endowed with initial wealth. Villagers of the

stationary bandit elite are endowed with wB and villages from the population are endowed with

wP . The main economic activity in the village is consumption and investment of wealth into

projects that yield a given return. For instance, think of investments that improve agricultural

land, or investments into small shops. This type of investment also includes a marriage, since

marrying is costly (bride price) and yields a return over time (labor services of the bride, labor

value of the progeniture, and even protection of property rights by the progeniture). A fraction

σG of households in each group has access to projects with return rH , while the rest of the group

has access to projects with return rL, where rH > rL. Borrowing to invest in these projects occurs

in a competitive capital market, there is thus one market interest rate every period which clears

the market, rs.

In order to borrow, however, households need to put some collateral. For instance, a household

of group G who wants to get married and obtains credit from other villages in order to afford the

bride price will need to write down a contract that specifies that he will make available collateral

c ≤ wG in case he does not return the funds. However, as is straightforward to imagine, such

contracts may be violated, and the household may be able to keep a share of the collateral ex-post.

This imperfect protection of the creditor’s right is represented by the share, pGs , which captures

the share of the collateral that the creditor will obtain in case of default, but also the probability

of defection. Hence, a better enforcement of property rights is associated with a higher pGs ,∀G.

The level of property rights protection is limited by an implementation capacity constraint by

the stationary bandit who governs the monopoly of violence: pGs ∈ [0, Ps], with PS ≤ 1. Such

capacity captures the legal capacity of the stationary bandit: if the stationary bandit has invested,

for instance, in tribunals and dispute resolution mechanisms that are credible, and that gather

sufficient information through monitoring, he will operate with a higher level of Ps. It would
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be natural to assume that σB = 0 and σP = σ ≤ 1. Stationary bandits have high liquidity

from taxation, but have no productive activities. Such assumption would explain, for instance,

why certain stationary bandits act as bankers for the population, or extract resources by creating

forced debt. In what follows, I operate without this assumption but discuss when it plays a role.

I assume that in the absence of a stationary bandit, enforcement of contracts does not attain

the legal capacity, pGs < P1. Assuming enforcement to be zero would be ignoring the traditional

system of justice that pre-exists any stationary bandit, but certainly, such traditional system of

justice hinges on informal mechanisms of contract enforcement such as Greif (1993), and is thus

less efficient than the one that can be achieved by a stationary bandit who has guns and can

coerce debtors into paying a collateral by force. Another way to assume this is simply to note

that legal capacity in the absence of a stationary bandit is lower than with a stationary bandit,

i.e. P T < P1, and constant - I do not need it to be constant, but it is simpler for exposition.

Given this, I can characterize the capital market equilibrium. It is straightforward to see that

if all individuals invest a fixed share of their wealth ls, the capital market equilibrium is pinned

down by the following equality:

σBβBpBs w
B + σPβPpPs w

P = ls[(1− σB)βGwB + (1− σP )βPwP ] (2)

The first term is the demand for credit. Clearly, high return individuals invest all of their wealth,

demand up to σGβGpGs w
G in credit, and low return individuals lend all their wealth up to ls.

Competitive markets imply that price equals to marginal cost, hence rs = rL.

State in the making: taxation, security, enforcement

Stationary bandits can tax income (although they do not observe the specific projects), and

can choose the level of property rights protection. In addition, they choose the level of public

goods, which are assumed to benefit stationary bandits and the population equally — think, for

instance, of security services (protection) against outside roving bandits, which affects both groups

equally.

The stationary bandit can tax at time s the income of group G, and thus chooses tGs . However,

when facing a tax, a household can go informal. If the household goes informal, the friction of
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hiding the income implies a decrease in the return, so that a household who goes informal earns

(1 − Ts) of the normal returns. This means that the stationary bandit can only tax up to Ts, in

each period s, beyond which point the group whose income tax is higher than Ts goes informal

altogether. This taxation capacity constraint captures the ability of the stationary bandit to state,

in other terms, fiscal capacity. To improve fiscal capacity, the stationary bandit can invest, at a

cost, in making it costlier to households to evade taxes in period to, thus increasing T2. They can

make it costlier to households by improving their own ability to monitor households’ tax evasion

(and thus the expected cost of evading taxes). They can also deter tax evasion by increasing the

sanction if households get caught, in which case this is unlikely to require investment. I thus

consider investments in this “fiscal capacity” as the creation of a tax administration by the sta-

tionary bandit, aimed at monitoring transactions and increasing the probability that households

get caught. By having a better fiscal capacity, thus, Ts is larger, which increases the maximum

tax rate that stationary bandits can extract. However, investing in fiscal capacity for the future is

costly. It costs Fs(T2−T1) to the stationary bandit to increase fiscal capacity by T2−T1 — assume

that the constraint T2 ≥ T1 holds, i.e. fiscal capacity can only increase. Furthermore, assume that

fiscal capacity does not depreciate. Fs(.) is monotonically increasing and convex, and F2(.) = 0.

Similarly, the stationary bandit can choose the level of creditor property rights protection, pGs ,

up to the maximum that he can enforce, Ps. However, the stationary bandit in period 1 can invest

in the capacity to enforce contracts in period 2, P − 2, although such investment is costly. In

particular, to increase the contract enforcement capacity from P − 1 to P2, it costs the stationary

bandit Ls(P2 − P1). Similarly, contract enforcement capacity does not depreciate, and P2 ≥ P1.

sL(.) is monotonically increasing and convex, and L2(.) = 0. I refer to the ability to enforce

dispute resolution, and the capacity to enforce contracts as legal capacity.

The stationary bandit can select the level of security provision at time s, Ss, where Ss stands

for safety. Security provision are services that both groups of villagers (members of the stationary

bandit elite and the rest of the population) value equally, by a factor of a. The value of providing

security is higher, the higher is the counterfactual level of security - the higher the threat of pil-

lages by roving bandits who expropriate the assets of both groups of villagers equally. Clearly, if

in the absence of the stationary bandit, there is no threat of expropriation, the value of security

provision is zero, i.e. as = 0. Thus, the utility value of the public good to any villager is aSs.

Finally, the stationary bandit in the village may or may not value the welfare of the popula-
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tion as much as his own. To simplify exposition, assume that the stationary bandit maximizes

aSs + ΦB(1 − tBs )Y B
s + ΦP (1 − tPs )Y P

s , where ΦG, G ∈ {B,P} is the weight that the stationary

bandit assigns to each population group in his objective function. Naturally ΦB > ΦP , although

stationary bandit organizations differ in ΦB − ΦP : external groups have a ΦB − ΦP closer to one

and stationary bandit organizations that emerge as regional militia will have ΦB − ΦP closer to

zero. Let ρB = ΦB
βB

and ρP = ΦP
βP

.

The stationary bandit’s policy choice: The stationary bandit thus chooses tBs , t
P
S , p

B
s , p

P
s , Ss

to maximize:

aSs + ρB(1− tBs )βBY
B
s + ρP (1− tPs )βPY

P
s (3)

subject to:

tBs β
BY B

s + tPs β
PY P

s = Gs + Ls(P2 − P1) + Fs(L2 − L1), s ∈ {1, 2}

pGs ≤ Ps, s ∈ {1, 2}

tGs ≤ Ts, s ∈ {1, 2}

where Y G
s indicates the output (income) by group G in period s. Since the households with high

return projects invest all their wealth and obtain in addition pGs w
G in borrowing, and have to

repay at interest rate rL, and since households with low return make rL on their borrowed and

borrowed wealth, Y G
s = wG[σG(1 + pGs )(rH − rL) + rL].

The state-in-the-making as contract enforcement: from the stationary bandit’s prob-

lem, it is straightforward to see that since increasing pGs relaxes the budget constraint of the

stationary bandit (through Y G
s ) and the objective function is increasing in pGs , the optimal level

of property rights protection is the maximum allowed by the institutional constraint pGs ≤ Ps,

thus pGs = Ps. This is the logic of Olson (1993)’s stationary bandit: precisely because he is resid-

ual claimant through the lens of taxation, he internalizes the effect of improving economic activity.

The state-in-the-making as protection: furthermore, when the value of safety is high (i.e.,

insecurity is high), a > ρ, safety is provided in both periods. In such case, to finance the provision

of public goods, the stationary bandit chooses the maximum level of taxes that he can collect from
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both groups, given the constraint to invest an exogenously given level of state capacity in period

1, i.e.: tGs = Ts, S2 = T2Y2, and S1 = T1Y1 − L(P2 − P1)− F (T2 − T1).

The state-in-the-making as redistribution: finally, when the value of safety is low (i.e.,

insecurity is low), a < ρ, Ss = 0, all of the tax extraction occurs in order to redistribute as much as

possible to the stationary bandit as long as ΦB > ΦP . In that case the population is taxed at full

capacity in period 2, tP2 = T2 and all the tax revenues are used for the stationary bandit’s consump-

tion: tB2 = −T2βPY P

βBY B
. Identically for period one, except that the taxes collected also have to be

used to finance the investments in state capacity, then tP1 = T1 and tB1 = L(P2−P1)+F (T2−T1)−T1βPY K
βBY B

.

To see why all the above results hold, simply totally differentiate the objective function of the

stationary bandit and the budget constraint. Increasing the tax rate of group G to finance public

goods changes the objective function in (a − ρG)βGY Gdts. Clearly, it is optimal to tax as much

as possible to finance public goods whenever a > ρG, and to spend zero resources on public goods

when a < ρG but nonetheless tax the population as much as possible as long as ΦB > ΦP .

Proposition 9. Extensive margin. The larger the amount of wealth in circulation in the village

economy (i.e., the larger wB + wP , σP , σB), the higher the value for a bandit to take over the

monopoly of violence in the village.

It is straightforward to see how this results from the stationary bandit’s objective function in

the village economy: higher wealth naturally translates into higher payoff for the members of the

stationary bandit group.

The stationary bandit’s intensive margin: investments in fiscal and legal capacity

Let now allow the stationary bandit to manipulate the period 2 levels of fiscal and legal capacity,

T2, P2. The stationary bandit chooses T2 and P2 to maximize the period payoff, subject to the

budget constraint and accounting for the payoff losses in period 1 to invest in period 2 capacity.

The stationary bandit thus takes as given the static solutions and chooses T2, P2 to maximize:

a2G2 + (1− tB2 )ρBβBY B
2 + (1− tP2 )ρPβPY P

2 − λ(L(P2 − P1)− F (T2 − T1)) (4)
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where λ is the marginal cost of not consuming public funds in period 1. Suppose a1 > ρB and

a2 > ρB. Then the first order conditions are:

• For fiscal capacity: (1 + a2T2)(rH − rL)[ρBωB + ρPωP ]W ≤ λLπ and P2 − P1 ≥ 0

• For legal capacity: a2(1 + P2)[(rH − rL)W + rL(βPwP + βBwB)] ≤ λFT and T2 − T1 ≥ 0

where ωG = σGwGβG

W
and W = σBwBβB + σPwPβP indicates the size of the local economy.

Proposition 10. Intensive margin.

• The larger the amount of income in circulation in the village economy (i.e., the larger W ,

σG, or wB + wP ), the larger the optimal level of fiscal and legal capacity, T2 and P2.

• The larger the productivity of local projects (i.e., the larger rH), the larger the optimal level

of fiscal and legal capacity, T2 and P2.

• Fiscal and legal capacity are complements (they thus are positively correlated in the data)

• The higher the initial level of fiscal and legal capacity T1 and P1, the higher the level of

investment in state capacity T2 − T1 and P2 − P1, and therefore by construction the higher

the level of state capacity in period 2.

This proposition summarizes the intensive margin result of this paper, which is concentrated

in the village economy, where fiscal and legal capacity investments are relevant.

Proposition 11. Resource curse.

If disinvestment in state capacity is allowed (and the constraints T2 − T1 ≥ 0 and P2 − P1 ≥ 0

are relaxed), negative investment may occur if the stationary bandit can migrate such capacity to

tax and provide enforcement in a separate location. If a stationary bandit can also control a mine

in period 2, the higher the value of output at the mine that he can tax using the state capacity

resources he has invested, the higher the likelihood to observe disinvestment in state capacity at

the village.

The proof follows the same logic as Proposition 10.
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Proposition 12. Welfare. This proposition has three parts:

• Whether the stationary bandit is composed from a population from outside the region or not,

i.e. whether ΦB > ΦP or ΦB = ΦP , if the value of public goods is sufficiently high (for

instance, when there is a lot of exposure to pillages by roving bandits), the presence of a

stationary bandit improves the welfare of the population.

• When the value of public goods is low (insecurity levels in the absence of the stationary bandit

are low), the population is unambiguously better off with a regional militia (i.e. ΦB = ΦP ),

than with a stationary bandit whose members arise from a local militia (i.e. ΦB > ΦP ).

• When the value of public goods is low (insecurity levels in the absence of the stationary bandit

are low), the population is unambiguously better off with an external stationary bandit than

without any stationary bandit at all if an only if T1 < σP rH−rL
rH

P1−PT
P1

. This is more likely

to be true whenever the taxation capacity of the stationary bandit (P1) is low, the share of

productive projects (σP ) is large, the return on good investments (rH) is high, the return

on low investments (rL) is low, the traditional contract enforcement capacity (PT ) is low,

and the stationary bandit initial legal capacity (P1) is high. Furthermore, in that case, the

population is unambiguously better off with a stationary bandit whose members arise from

the population than with no stationary bandit at all.

To see this, simply note that the welfare of the population is: asSs+(1−tPs )wP [σP (1+pPs )(rH−

rL) + rL]. Since there are no labor supply/leisure distortions, the results are straightforward plug-

ging the corresponding values for taxation and provision of security. Furthermore, note that the

condition provided in the third part of Proposition 12 contains the intuitive result that the larger

the welfare losses from weak enforcement of contracts in the absence of a monopoly of violence to

enforce them, the more likely it is that, even external stationary bandits who do not care about

the welfare of the population will end up increasing its welfare. A similar reasoning underpins the

first part of the proposition
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B Measurement and variable definition

This section describes the main variables thus collected that I use in this paper.

The goal of this data collection exercise is to collect information about the history of armed

groups in each municipality. Visiting each mining site is logistically challenging. I thus gathered

data about the support village and its mining sites from data collection activities inside the sup-

port village. This was straightforward to implement: most of the population at the support village

is linked to the mine (households and traders frequently visit the mine). This design tracks the

information about a location (the people), not the location. The pilot showed that this would

produce reliable data. I designed separate survey modules for the support village, and for the

mining sites of each municipality, all of which had to be covered separately by the data gathering.

While the modules are almost identical for support villages and mines, they are also adapted to the

fact that they have a different nature. For instance, while I collect information on mining output

taxes and labor taxes at the mining site, I do not collect that for the support village because it is

not relevant in the absence of a mine.

The Sud Kivu data collection activities (henceforth, wave 1) took place in 133 municipalities

between 2012 and 2013. Accounting for mining sites, this implied collecting data of 380 locations

(support villages and mining sites together). The strategy in wave 2, collected in 106 municipali-

ties in North Kivu in 2015 is identical to wave 1.

The sample is a collection of municipalities, each of which contains support villages and mining

sites. There are also pure agricultural municipalities, with no mining sites (including them or not

does not change any of the results). Finally, among the municipalities that have mining sites,

some mining sites are coltan, others are gold, and there are also, to a smaller extent, mining sites

with other valuable resources (cassiterite/tin, tourmaline, wolfram, coffee, beans). Whenever a

municipality had a production site that is valuable and produces for the market (for agriculture,

cash crops), I refer to this as mining site and surveyors have to complete the mining site module

for that productive site.

I next describe sequentially the main variables of this paper.

Mineral endowments and prices. I capture whether a given mining site is endowed with a

specific mineral through a dummy that is constant through the period for which I have data. This

approach to measure mineral endowments can bias my estimates downwards if the mineral had not
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been discovered for some years — thus producing an Intention To Treat (ITT) estimate. While it

is conservative, it allows me nonetheless to circumvent the fact that mining output is endogenous

to prices: I thus do not need to interact in the specification below the world price of coltan with

a clearly endogenous variable.90 To measure prices in global markets, I use yearly US prices of

minerals reported from United States Geological Survey (2010). Figure 1 shows the US prices of

gold and coltan.91

Stationary bandit. I define a stationary bandit as an armed actor who holds the monopoly of

violence in a given location for a stable period of influence — usually for at least 6 months. This

definition was applied while collecting the data. While surveyors often also included stationary

bandits of shorter duration as long as they intended to stay while they were stationary, I do not

observe the number of months of each stationary bandit, since all observations are year level —

mostly because it was obvious during the study design that respondents would struggle identi-

fying months and due to space constraints in the survey. Stationary bandits, which surveyors

and villagers refer to as “organization of security,” are a very common phenomenon in Eastern

Congo, and the local language fits nicely with Olson (1993)’s definition of a stationary bandit.92

Villagers automatically distinguished between the notion of stationary bandit and roving bandits,

which are armed actors who have a very short term horizon (most often a few hours at most),

whose objective is purely to expropriate output and assets as fast as possible, even if they may

be stationary and peaceful with other populations or villages. Collusion between stationary ban-

dits is easy to detect, and it is also well documented. For instance, it is known that Mayi-Mayi

groups and the FDLR often conducted joint operations during the Second Congo War, and after,

and sometimes held a joint monopoly of violence in the villages. The data confirms this, since I

observe Mayi-Mayi groups jointly controlling villages with the FDLR in some cases, similarly for

the RCD and the local militia called “local defense.” The data separate between episodes, even if

they take place the same year. For some episodes, when there is collusion, the surveyors indicate

“Mayi-Mayi and FDLR.” I do not use collusion as it is not necessary for the argument of the

90To support this approach, I verified the dates at which minerals were discovered in each site, and dates at
which they were exhausted. I do not record exhaustion of minerals in the sample, and in only one mining site, the
coltan was discovered during the period under study — all the remaining deposits were known since they had been
already opened by the state owned mining corporations, SOMINKI, before their collapse in 1995

91The pattern of local prices further captures the well-known fact that local traders expected the price to rise
back to its peak, once the world price fell. See United Nations Security Council (2002)

92They were commonly referred to as “organisation de securite” (security organization) in the data collection,
and villagers immediately associated it with our notion of stationary bandit, even if they did not always provide
security, and even if they themselves sometimes create insecurity.
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paper.

Taxation and security services. To measure taxes, I collected information on whether a tax

was levied on a given activity and at what rate. There was always consensus on whether a given

expropriation was taxation or instead pillage.93 Taxation always implied the existence of an under-

lying implicit contract between the bandit and the population, so that the population knew what

rate to expect, and the bandit’s commitment to such rate was credible. Such contract, especially

when taxes are collected at the mining site, is often accompanied with the expectation of security

services by the bandit. To capture this separately from taxation, I also gathered information for

each of such stationary bandits whether and when they provided security services in the location in

which they were stationary. Security services often imply one ore multiple organized armed actors

patrolling the location during the day and night, equipped with their corresponding weapon.

Administration and stationary bandit’s capacity. In addition, for each stationary bandit, I

gathered information for each year on whether they administered justice (dispute resolution cov-

ering marriage, land, property, witchcraft conflicts and other types of disputes) in their location;

whether they established and controlled a village administration.

Violence. To measure violence, I focused on attacks orchestrated by armed actors. For the

support village, as well as for the mining site data, I am able to distinguish for each event whether

it was organized by the stationary bandit of the specific location in which the attack took place

(henceforth internal attacks or internal predation), or whether they were organized by armed ac-

tors who were not stationary bandit in the location in which the attack took place (henceforth,

external attacks). I further gather very detailed information of each attach: the hour at which

it took place, the perpetrator, the motive of the attack, the activities that took place, the num-

ber of attackers, estimates of deaths and other types of violence, and estimates of theft. Most

importantly, the data allow me to distinguish attacks that are territorial conquests from attacks

that are aimed exclusively at expropriating for the bandits’ consumption, and from attacks that

are aimed exclusively at punishing villagers for collaborating with an enemy group (often accom-

panied with massive expropriations as a punishment, but not as the leading motive). Conquest

attempts occur when a violent actor engages in violence against another armed group located in

the contested location, not the villagers, with the aim of acquiring the monopoly of violence of the

93Local populations are familiar with distinct types of expropriation by various actors. The data suggests that
at the coltan spike, the ad valorem tax rate on output was on average 1% of the value of output on each miner,
and the daily tax on labor was 2% of the expected value of output produced by the miner in one day.
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village. Pillages occur when a violent actor launches an attack on the village aimed exclusively at

stealing assets. While attacks aiming to sanction the population often come with expropriations,

expropriations also often accompany conquests. This is due to the fact that in local practice, it is

“fair game” that an armed actor massively expropriates after a conquest, to collect the so-called

“butin de guerre” (war booty). This is also done in order to send a strong signal of toughness to

the population they aim to govern.94 Due to time constraints, it was not feasible to collect such

information (an entirely separate attacks module) about the mining sites themselves.95

I also collected proxies for households’ welfare. First, Eastern Congo is a bride price society,

where liquidity constraints are a major obstacle to getting married. I thus observe for each year in

the support village, the number of marriage ceremonies that took place. I also obtain the marriage

history from the households themselves.96 Second, I reconstructed the history of assets/savings

for each household (various types of cattle, children, land ownership, crop choice). I then use

principal components to create one index of savings, which I use in the analysis. I also obtained

the history of occupational choice of each household respondent by reconstructing the sectors in

which the respondent worked each year. Finally, since the population can migrate between vil-

lages, it became evident that the best way to capture location specific welfare was by examining

the location choice of households. I thus obtained for each municipality the number of immigrants

and emigrants every year. I further collected the entire migration history of each selected house-

hold, including the motives for immigration and emigration and the years at which they changed

location. In the analysis, I use the municipality level data for aggregate migration numbers per

year, and I use the household data to examine the motives of migration for the average household

of the municipality, by year. The two give identical results for the maginitudes of migration.

Finally, with the geographic coordinates collected during the survey, I linked my data to geo-

graphical shapefiles I obtained from the Réferentiel Geographique Commun.97 This source contains

94Armed actors themselves refer to the strategy of sending a strong signal in the first day in order to deter
oppositions to the armed group as “indoctrination to the group’s ideology.” This reflects that it aims to generate
compliance, by providing information that villagers internalize. Source: author’s own qualitative interviews with
commanders of armed groups.

95While I know from conversations with surveyors (not primed) that almost all of the external attacks at mining
sites during the coltan shock were conquests, I cannot use such information for mining sites. This definition reflects
that local populations are able to distinguish the purpose of the attacks, due to sharp observable differences between
pillages and conquests. In a pillage, armed groups usually arrive at sunset - when they are harder to monitor, and
flee with the village assets within a narrow interval, often within 30 minutes.

96Both are highly correlated and I use the village variable, which does not hinge on a random sample with
obvious survivor biases.

97See Référentiel Géographique Commun (2010).
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the map of the road network of the DRC, all airports (including small landing lanes), the location

of forests, rivers, lakes, and the regional capitals. I compute the shortest distance of each village

to the road, the lake, the forest, the regional capitals, Rwanda, and the closest airport. In the

analysis, I use a dummy variable to indicate whether the distance to the closest airport is above

the 50% percentile in the sample.98

C Data based on recall: measurement error?

This paper relies mostly on recall data. Recall data can contain measurement error.99 Is the

strategy immune to recording particular answers in coltan locations during the coltan shock?

C.1 Track record of recall data collection and lessons

While many municipalities lack written records of administrative data, historical events are metic-

ulously kept and transmitted orally across generations in Eastern Congo. The strategy proposed in

this paper is, in fact, not new, and responds to the cultural context of Eastern Congo. Historians,

anthropologists, and economists have a long track record of working with this cultural feature,

called oral history, to learn about the past, and discussing the biases that may arise (Acemoglu

et al., 2013, Hoffmann, 2014, 2015, Newbury, 1992, 2009, Vansina, 1978, 2005).100 Villages in

Eastern Congo indeed usually have a group of “elders” responsible for narrating the history of

their community. Elders usually transmit the historical information of their village and tribe in

weekly community meetings that the entire village has to attend, the “Barza.”101 The safeguards

that I describe next in this section were designed precisely in response to the concerns that may

arise with the type of recall data that is transmitted in oral history societies.

The challenges associated with the collection of historical recall data are also well-known across

social sciences, including in economics, health, and psychology (de Nicola and Gine, 2014, Kjells-

son et al., 2014). A first established result is that as the time period of recall widens, self-reported

answers from the past converge to the mean of the real distribution (Tourangeau and Rasinski,

98The results are unchanged when I use the continuous measure.
99Classical error decreases precision and can lead to bias in linear probability models (Hausman, 2001).

100Scott (2009), Vansina (1985), and Ewald (1988) discuss oral history traditions.
101Furthermore, every evening, the “chief” of the household narrates the history of the family to his descendants

around the fire. There is a very strong norm of transmission, precisely because these communities usually lack
written records.
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2000a,b). This implies that the magnitude of measurement error increases in the recall period. The

survey data thus likely underestimates historical volatility and the response to external shocks.

Larger measurement error and lower variance in the years of the coltan shock works against find-

ing an effect of the coltan shock.102 A second established result is that bad years are recalled

worst (de Nicola and Gine, 2014, Tourangeau and Rasinski, 2000b). One may worry that since

the coltan shock had positive economic impacts, respondents may recall better events in coltan

locations during the coltan shock. Note, however, that while incomes increased, violence due to

contestation among stationary bandits also increased. Hence individuals may recall better, or

worse, events around the coltan shock. I discuss this concern in the following section. Before I do

so, I discuss the existing track record of strategies to reduce recall error.

The literature also suggests how to reduce recall error. First, since respondents may misplace

events over time (telescoping), researchers in social psychology frequently use time cues.103 The

literature in psychology suggests that times cues reduce measurement error about the timing of

events (Conway and Bekerian, 1987, 1995, Brown and Rips., 1986).104 Second, de Nicola and Gine

(2014) find that recalling changes is easier than recalling levels. Kjellsson et al. (2014) document

a similar finding for events vs. levels. Finally, the literature suggests that male household heads

who are the owners of the productive assets provide more accurate responses (de Nicola and Gine,

2014). I next comment the safeguards I used in light of the existing track record.105

C.2 Safeguards to reduce the measurement error due to recall

Are there safeguards against surveyors leading to particular answers in coltan loca-

tions during the high coltan price years?

The first safeguard I put in place addresses surveyors’ biases. The oral history literature warns

against the risk that surveyors may have biases, which could influence how questions are asked,

primed, and even how they are recorded. Surveyors’ biases may be a concern, for instance, if

102Note that recall data is, on average, correct — the reported distribution is centered around the true mean.
103Time cues are common knowledge events that are designed to allow the respondent and surveyor to identify

the time at which a given reported event occurred.
104de Nicola and Gine (2014) compare surveys with and without time cues and find no significant improvement

as a result of time cues, but note that irrelevant time cues can increase measurement error.
105Another concern with this literature is survivor bias. Since the unit of analysis is the municipality, and

municipalities do not disappear over the period of study, this is not the major threat to validity in this paper.

87



surveyors are expecting specific answers for coltan villages during the coltan shock. To reduce

this concern, the data collection was designed as double-blind. Surveyors did not know that the

study of the price shocks was the goals of this study. Official communications of the project

mention that the major objective of the project is to reconstruct the socio-economic history of the

province. There are three levels at which information was controlled to prevent surveyors to lead

to differential responses.

• Training: all surveyors were informed at training that the purpose of the research was to

reconstruct the economic history of the villages of the Kivus.

• Official documents: all official communications of the project with the surveyors, and

with the state authorities (for authorizing the study and to present at checkpoints) mention

that the major objective of the project is to reconstruct the socio-economic history of the

province. Rather than containing any mention to the coltan shock. The legal document

authorizing their activities refers to the project as “Economic history of the Kivus.” is

presented in Figure F.14.

• Surveyors’ manual: surveyors carried a manual of instructions that specifies what actions

they must take, what language they must use, and the purpose of the research. The manual

specifies (and emphasizes in bold) a core part of the consent text

“The goal of this research is to reconstitute the social and economic history of the

rural areas of Sud Kivu (North Kivu for the extension). The life of women and

men of Sud Kivu is very poorly known outside the province, and this absence of

information and knowledge entertains bad perceptions about the province. This

project aims to bring a solution to this problem, by reconstituting in a rigorous

and scientific manner the history of the province, in order to promote a better

knowledge about the East of the DRC and its inhabitants in the world. In order

to reconstitute such history, we are asking questions to habitants of the province

about their past life. If you accept to participate to this research, we will ask

you questions about your life, your work, your marital status, and the history of

your village, and your testimony will add to all others to help us reconstitute the

history of Sud Kivu (North Kivu for the extension).”
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Last, it is worth noting that both in training and in the manual, a core, yet invisible part of

the study was to enforce maximal precautions with the collection of recall data. The following

extract from the surveyors’ manual reflects the care, and emphasis with this precaution:

“The interpretation we have of our own life is often false: CAUTION not to rely on

the words of the respondent but instead to always dig. Respondents tell us stories.

It is their own stories. As stories, these are narratives, interpretations of facts and

causes that led to these facts. In most cases, what the interviewee tells you is

an interpretation and is subject to considerable bias. Over time, the subject may

change his/her interpretation depending on the mood and end up convinced of it.

This is particularly serious for questions like: Why? Your duty is here digging,

always digging to get the purest of respondent information. Sometimes you will

learn something of respondent without him have the impression that you learn.”

Safeguards to reduce likelihood of recall error, especially non-classical error

The second group of safeguards I put in place aimed to reduce eyewitnesses’ biases and recall

error. Unlike usual recall studies, this survey is not based on one brief conversation. The data

collection activities that are required to create one statistical village*year observation took 7

meticulously planned days in each village. I designed such activities to address measurement

recall error about what happened, and measurement recall error about when it happened.

• Triangulation methods: Recall error may be larger for events further in the past, and

bad times may be recalled worse. Because the main outcomes I collect are about a common

event, not about individuals, I can rely on triangulation methods used in the qualitative

social sciences, which consist of verifying information from multiple sources (Rothbauer,

2008). Surveyors first collect information directly from a group of 5-10 individuals (including

chief, elders, and mining sector experts). As I described in Section 3, surveyors train these

individuals to gather and assemble information, and monitor each of them for 7 days. The

final interview with them in the seventh day is the main data entry for the village. In

addition, surveyors conduct 8 in-depth, 4-hour long surveys in private in randomly selected

households. In each household, they reconstruct the history of the village with a randomly
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selected adult.106 Furthermore, the surveyors conduct qualitative surveys with various actors

in the village, which they then type for the researchers to verify individual observations.107

Triangulating information from multiple sources allows the surveyors to reduce the variance

of their posterior beliefs — by the law of large numbers. Triangulation also allows them

to verify information in private from the average villager, since the elite may have its own

agenda. This approach allowed me to secure that before the last day interview with the

history specialists, the surveyors had no doubts about the history of the village, including

knowledge of what facts may have been sensitive. By the end of the week, learning was so

effective that additional sources brought no change in priors.108

• Selection of respondents: I administered the 8 household surveys exclusively on adult

male respondents. de Nicola and Gine (2014) find male adults have smaller recall error.

• Transitions vs. levels: I designed the survey so that questions focus on transitions, rather

than levels, and events easy to memorize. This approach proved to be very effective at

extracting memory from respondents. It evoked life memories in such a way as to minimize

transitions between different groups, which usually waste mental resources. Surveyors ask:

“Was there ever a stationary bandit in this village?” If yes, the surveyor proceeds: “let’s

begin with the first of these organizations” and focuses on identifying well the group and its

properties. Once the memory of one group was activated, the “marginal cost” of recalling

additional events about that group was close to zero, but transitioning between groups was

the costliest and could exhaust respondents quickly.109

• Time cues: To reduce measurement error on the years in which events occur, I designed

a set of time cues that reflects the events that individuals remember equally across villages

in the province, and that can be used to locate transitions in history. Surveyors use these

time cues at the time of administering surveys. The time cues reflect well-known historical

106For village history questions, I allowed respondents to be helped by other household members.
107In the reports, surveyors note explanations for patterns in the quantitative data.
108An important cultural factor that may limit the replicability of this study in civil war contexts outside the

Congo is that individuals are very communicative, especially about armed groups.
109Reflecting the general approach to ask retrospective questions in this project, the surveyor manual reads: “It

is a RETROSPECTIVE survey: We want to know the past of the individual. So we must at all costs avoid phrases
like ‘Are you married? Or ‘how many fields do you own? [...] Instead ask, ‘how many times have you ever married
in your life? [...] ‘have you ever worked in the mining sectors? If so, tell us about your first activity in these sectors
‘We are here in the village. But have you ALWAYS lived here? Let’s start with the village 1 ”
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events that affected the whole region.110 To develop these cues, I consulted surveyors, mining

professionals, and local historians.111 As an alternative method to use time cues to cross

check retrospective data, I trained surveyors, and designed the survey instruments, so that

interviews are conducted at all times with a summary of the history of the respondent in

front of the respondent and the surveyor. The surveyor’s manual illustrates this approach:

“For each question, you are asked what year it is. It’s so important that I made

available to you a paper of time indices with historical events over the years that

the RCD was present, and what currency indices were present at the time. For each

question, you must use the three sources to confirm the year. It is ESSENTIAL.

The respondent will easily assign wrong years, especially in rural areas. They may

excessively use years like 1990 or 1985. You have to dig using the temporal indices.

Tip: Use the pins about the history of the individual every time! You have in front

of you the years in which he was in a given village, with a given wife, with a given

field. Use them! It is the pillar of the respondent.”

• Working memory measures: I also put a safeguard in place that allows me to improve the

analysis. At the start of each interview, households played a working memory game, aimed

at eliciting their familiarity with numbers, and were as well asked to give the number of

years elapsed since well-known events. I construct a score from this exercise to proxy for the

reliability of the historical answers of the survey, and use this score as weights in a weighted

regression to replicate Specification 1. The results are unchanged by the weighting.112

C.3 Measuring the measurement error due to recall

In this section, I use the data and external sources of data to measure the recall error.

First, I compare the data to the well-documented historical waves of the conflict. Figure 6

and F.10 plot respectively the survey-based measures of armed groups’ presence and of attacks

on years. The figures reflect well the well-documented evolution of the industrial organization

110I use the regional coltan spike as the time cue for the year 2000. Everyone in the province remembered the
coltan spike and it was an event difficult to ignore when talking about the past. This also helps prevent respondents
in coltan areas to mistakenly assign events to the year 2000 — it serves as a benchmark.

111A respondent may not know the year at which she got married, but she always knows if it was after Mobutu,
and before the RCD took Bukavu, in which case it could only be 1997.

112See Tables F.4 to F.10 in the online appendix and Section E.
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of violence. Prior to 2000, Figure F.10 shows data consistent with the historical evidence: the

first and Second Congo wars brought a variety of armed groups, external, regional, and village

militia, which were fighting for various purposes. In the first Congo war, the Tutsi-led AFDL

led a rebellion to overtake Mobutu in Kinshasa. Figure F.10 shows that the data confirms this:

in 1996, the attacks of the AFDL spike. Interestingly, there is also a contemporaneous spike in

the attacks by the Hutu FDLR. In 1998, the newly formed Tutsi-led RCD factions emerges to

overthrow the then President and former AFDL leader, Laurent Desire Kabila. Figure F.10 shows

again a contemporaneous spike in attacks by the RCD and the Hutu FDLR in 1998 at the start of

the rebellion. Furthermore, as the RCD is expanding its territorial control, a large number of local

mobilizations occur, under the license of Mayi-Mayi groups.113 Such groups also appear starkly in

Figure F.10, emerging in 1997 (in response to the AFDL), but spiking in 1999. This summarizes

the dynamics of the environment prior to the coltan shock.

Following the Sun-City peace agreement, most armed groups slowly vacate the area the actors

in fact integrate the Congolese army battalions, keeping their old structures of command. Fig-

ure F.10 also shows this pattern. Furthermore, the figure also shows that the Hutu FDLR takes

advantage of the security vacuum generated by the Sun-City peace agreement a few years later a

move that is well-documented: see for instance Stearns (2011) and Nest et al. (2011) and increases

their presence in the years following Sun-City (they were not part of the peace agreement). The

figure shows that when the operation Kimia II goes under way, which is a military coalition of the

Congolese army, the Rwandan army, and the United Nations, the FDLR increases their attacks

on the population. In Sanchez de la Sierra (2016), I analyze in detail this shock. The FDLR, who

were acting as stationary bandits in the villages they controlled, realizing they have no chance of

military success, see their time horizon shrink, and turn to predators on their own tax base. This

accounts largely for the spike of attacks exactly as the Kimia II operation is announced in 2009.

Finally, Figure F.10 also shows the rise of the Raia Mutomboki in 2011. As is known, the Raia

Mutomboki emerged in 2011 in the district of Shabunda, largely responding to a security vacuum

left by the Congolese army, whose battalions were reshuffled precisely to conduct the Kimia II

operations in FDLR territory. With scarce personnel, the DRC army left vast areas basically

stateless, especially so Shabunda. As a result, banditry increased, especially as Shabunda villages

113While some are village self-defense groups, other have a regional aim, including ideological narratives of anti-
Rwandan imperialism that they inherited from their training under the Cubans in the 1960s. One of the Mayi-Mayi
subjects of the qualitative interviews I conducted for this project, for instance, was flown to Cuba for a 3 year
training to fight alongside the Cubans in the Mai Mulele rebellion of 1964.

92



started receiving attacks from the FDLR units that were located in the forest of Shabunda there

are many such units across the forest in the area. The Raia Mutomboki, standing for angry popu-

lation, emerged as a local self-defense group to fight the FDLR, who were perpetrating massacres,

and slowly grew to one of the largest regional militia of Eastern Congo.

Second, I use an alternative data source for violent events, ACLED, to examine the bias in

the data.114 I assign the number of attacks recorded that year in ACLED in the proximity of the

municipality, for each municipality-year observation.115 I first compare this data to the survey

data on attacks at the municipality graphically.116 Figure F.13 shows that the ACLED dataset

systematically reports less battles than the current survey, and that such gap is especially strong

during the Second Congo War. The ACLED data thus plausibly under-reports waves of violence

associated with well-documented waves of the conflict. This comparison reduces the concern that

the survey data suffers from serious under-reporting. Having matched the two data sources, I next

address measurement error issues using statistical methods. I examine the correlations between

the two data sources, and I replicate my results using the available ACLED data. Table F.20

in the online appendix implements a linear probability model to regress whether an attack was

recorded by ACLED on whether an attack was recorded by the survey. Columns (1)-(8) present

the results of respectively regressing the matched ACLED violent events that fall in a given year

within 1km, 2km, 5km, 10km, 15km, 20km, 25km, 50km from the municipality. The two proxies

for attacks are strongly related: 5 of the 8 distances have a coefficient significant at more than

5% level. Column (9) regresses the survey attacks data on all the measures of ACLED attacks, to

account for potential spatial correlations in attacks. Events that fall within 2 km of the village are

strongly correlated with the survey data.117 Table F.21 also presents the results of Specification 1

using ACLED events instead of the survey as a dependent variable. The result is identical to the

paper’s result. The average coefficient size using ACLED is 13%, while the coefficient using the

survey data in Table1 is 14%. The results suggest that there is no bias due in the survey data.

114This dataset has been used for the DRC context, notably by Maystadt et al. (2014), Koenig et al. (2015a),
and Parker and Vadheim (2016)

115I assign geo-coded violent events of ACLED to circles of varying diameter around the survey municipalities
of this paper. ACLED data focuses on violent events and is based on news reports. The ACLED dataset contains
3,500 violence events since 1997, coded by type of event. When an event falls in circles of more than one village, I
allocate the event to all corresponding villages. ACLED reports details about the type of event. To construct the
variable “attack” from ACLED, I take the total of events recorded by ACLED, and subtract all events that are not
attacks for each year*village observation. The non-violent events are: strategic transit of troops, riots, non-violent
transfer of territory, non-violent events in general, and whether an armed group changes a headquarter basis.

116The union of attacks on the support village and attacks at the mining sites.
117The regression using the number of attacks instead of the dummies produces even stronger results.
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D Persistence

Tables F.1 to F.3 in this online appendix tables present the analysis on persistence. They show

the estimates from a linear probability model regressing the presence of a stationary bandit on

the lagged values of the main regressor, Ci pUSc,t . Columns (1)-(4) replicate the baseline specifi-

cation, but include the lags. The coefficient on the first lag of Ci pUSc,t suggests that the coltan

demand shock led to the emergence of stationary bandits which persisted for two years after the

shock. However, the results in Columns (1)-(4) may not be due to persistence, but simply to the

coexistence of a contemporaneous and a delayed effect of the coltan shock. To capture the role

of autocorrelation in the dependent variable, Column (5) includes the lagged dependent variable

as a regressor and implements Arellano-Bond GMM estimation — I choose Arellano-Bond GMM

estimation instead of standard OLS with fixed effects to avoid creating a Nickell bias (Nickell,

1981). Inclusion of the lagged dependent variable renders the lags of the coltan shock statistically

insignificant and close to zero, while the lag of stationary bandit is significant at the 1% level with

magnitude of .74. This suggests that the coltan shock led to stationary bandits, and stationary

bandits are persistent. Column (6) adds the second lag of stationary bandit and the results are

unchanged. To rule out that continued local demand for coltan accounts for the persistence of

stationary bandits, Column (7) includes the average price of coltan paid by traders at the site

level, collected in the survey.118 When I include the log of the local price of coltan, interacted with

coltan mineral endowments as a control in Column (7), its coefficient is positive and statistically

significant. However, the lag of stationary bandit remains of similar magnitude and statistically

significant at the 1% level. This suggests that the persistent high local price in the aftermath of

the coltan shock cannot, alone, explain the persistence of stationary bandits. Finally, Column (8)

implements a 2SLS panel regression of stationary bandit on its lag, where I instrument the first

lag of stationary bandit with the first lag of Ci pUSc,t in order to circumvent endogenous location

of stationary bandits. The results are unchanged.

118To minimize the risk that measurement error drives the results, I averaged the yearly values of the price of
coltan for all support villages in the sample.
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E Robustness checks

Tables F.4 to F.10 in the current online appendix present the main robustness checks for each

dependent variable. Each table reports 13 robustness checks on specification 1. Across specifica-

tions, the results are unchanged: the coefficient of interest remains statistically significant in all

specifications, and in almost all columns remains significant at the 1% level.

First Column (1) implements specification 1. I next describe the various robustness checks I

implemented.

Second, the results may reflect pre-existing mineral time-trends. To account for this, Column

(2) includes mineral time trends.

Third, region specific year level shocks may coincide with the coltan shock, which would be

threatening for validity especially if coltan endowments concentrate in particular regions. Column

(3) thus includes region*year fixed effects.119.

Fourth, the results may reflect spurious correlations stemming from underlying patterns of

autocorrelations in the data. To rule this out, Column (4) includes leads and lags of the regressor

as a falsification exercise — the coefficient on the lead is zero and not statistically significant.

Fifth, the fixed effect within estimator may be sensitive to deviations, and the results may stem

from the choice of specification. Thus, Column (5) implements the Arellano-Bond estimation to

allow for a dependent variable as well as the inclusion of municipality and year fixed effects.

Sixth, the new specification may not be robust to linear mineral trends. Column (6) thus

implements Arellano-Bond with mineral time trends.

Seventh, to verify that the results are concentrated around local airports, Column (7) includes

the interaction with the dummy indicating distance to local airports, Ci p
US
c,t D

a
i , as well as the

corresponding interaction term pUSc,t D
a
i .

Eight, the results might reflect differential timing of conquest of villages close and far from the

road, which may correlate with mineral endowments. To account for this, Column (8) includes in

addition the analogous interactions for the distance to the road, Ci p
US
c,t D

r
i and pUSc,t D

r
i .

Ninth, the results may reflect non-classical measurement error in the self reported variables in

the survey. For instance, the saliency of the coltan spike may prime respondents of coltan areas

119There are 14 regions in the Provinces of Sud Kivu and Nord Kivu, these are called Territoires, and have
the following denomination: Kalehe, Idjwi, Mwenga, Shabunda, Walungu, Kabare, Fizi, Uvira, Walikale, Masisi,
Rutshuru, Beni, Lubero, Nyiragongo
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about the year 2000 differently than respondents in other areas. This could increase the precision

in coltan areas compared to the rest of areas, artificially producing significant differences compati-

ble with a true effect of size zero. This is especially worrisome because this population may not be

very familiar with numbers and years. To control for this possibility, I collected measurements of

working memory in each village. In Column (9), I implement a weighted regression using working

memory scores as weights.

Tenth, since the gold price shock exhibits persistence over time, autocorrelation may induce

me to under estimate the true standard errors.120 For that purpose, Column (10) replicates the

main specification, clustering the standard errors at the municipality level.

Eleventh, since the coltan shock occurs in one year, and coltan municipalities may be clustered

around administrative divisions, year regional shocks could lead me to underestimate the true

standard errors of the coltan price coefficient. To account for that, Column (11) clusters at the

region*year level.

Twelfth, while the world price of coltan is a useful source of exogeneity for local demand con-

ditions, the mechanism really operates through local demand. Column (12) thus instruments the

local price of coltan with its world price.121

Finally, Column (13) replaces the time invariant coltan (gold) endowment dummy with an

indicator of past coltan (gold) output, to account for the fact that some mines were more likely

more intensively exploited than others prior to the shock. To construct the indicator of output, I

gather the yearly output for each mining site between 1995 and 1999. Since output is a very noisy

measure, and the mineral for which it is collected sometimes varies, I construct a dummy for each

year that a mine has positive output. I then compute the proportion of years in which the mine

was active since 1995. I use this proportion to interact it with the world price shocks, instead of

the time-invariant measure of coltan or gold endowment.

120To construct measures of working memory, I implemented two the standard working memory tests. I first
constructed a sequence of 7 randomly selected digits between 1 and 9. I then asked the surveyor to read the sequence
sequentially, and ask the respondent to repeat the sequence of numbers as the surveyor increases its length. In the
end, once the surveyor has spoken the entire sequence, I then collect the responses. I assign a score indicating the
proportion of digits that the respondent answered correctly. Second, I asked the respondent to tell how many years
have elapsed since the departure of President Mobutu. Since such year is known, I simply code whether they are
right or wrong in a dummy variable. I also include deviations of 1 years above or below as correct answers. The
overall measure of working memory is a weighted average of these two variables, where I assign equal weights to
each

121I obtained the site level local price of coltan through the survey by asking villagers to reconstruct the price
time series during the week of work. Since the data is of poor quality at the village level, I nonetheless can average
the local price by year across the region to circumvent the high rates of missing prices and “do not remember”
observations. In this specification, I thus use the province-level yearly average of the reported prices.
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Since the choice of years can be arbitrary, I run the main specification once for each combina-

tion of start and end year, and report the 110 coefficients and confidence intervals thus obtained.

Figures F.4 and F.3 report the coefficients and confidence intervals for two sets of regressions run

separately — regressing on the main coltan interactions, and on the main gold interactions. 95%

of the gold coefficients thus computed are not distinguishable from zero, with 5 such coefficients

being negative. In contrast, 85% of the coefficients computed with this approach for the coltan

regressions are positive and statistically significant. To further support this finding, Figure F.5

in the online appendix, presents a quantile-quantile plot for the distributions of coefficients thus

obtained, for the gold interaction on the coefficients on the coltan interaction. The figure thus

plots the quantile of the coefficient on the coltan main interaction on the corresponding quantile

for the coefficient on the gold main interaction on. Clearly, the distribution of coltan coefficients

has a much larger mass above zero.

The specification choice could generate the results. Table F.11 in the online appendix presents

the results using conditional logit and using (King and Zeng, 2001) specification to account for

the possibility of rare events. The results are unchanged.

To further account for spatial and time correlations that would lead me to wrongly estimate

the standard errors in the main specification, I conduct randomization inference exercises to pro-

duce the counterfactual distribution of parameter sizes under H-0 of no effect. To tackle spatial

correlation, I randomly re-assign mineral endowments to sites. To derive a reference distribution,

I generated 20,000 random assignments to coltan endowment (0 or 1 for each site) following prop-

erties of the empirical distribution (the proportion of sites that have coltan). For each simulated

assignment, I re-estimated the main coefficient, Coltani Pct and stored it. The figure presents the

distribution of coefficients estimated using the simulated coltan endowments. To obtain a p-value

using the new reference distribution, I compute the relative mass of coefficients derived using the

simulated endowments whose value is larger than the value estimated using the real endowments.

Figure F.7 shows the resulting distribution. The distribution of estimated coefficients is centered

at zero — since the treatments are fictitious — and the estimated p-value is 0.0002.

I then tackle the problem of common shocks that may simultaneously affect all coltan sites

alike, which could lead me to underestimate the true standard errors. To derive a reference dis-

tribution, I generated 20,000 random assignments of the empirical coltan prices to years. For

each simulated assignment, I re-estimated the main coefficient, Coltani pct and stored it. The
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figure presents the distribution of coefficients estimated using the simulated coltan endowments.

To obtain a p-value using the new reference distribution, I compute the mass of coefficients de-

rived from the simulated endowments whose value is larger than the value estimated using the

real endowments. Figure F.7 shows that the resulting distribution is bi-modal and centered below

zero. This is expected, since treated sites are used in the simulation and because one of 12 prices

is an outlier (the price that really occurred in 2000) and thus for simulations in which the price

is assigned to another year than the year 2000, the majority, the estimated coefficient is negative.

The estimated p-value is 0.0001.

I finally use a theoretical data generating process for the prices. To derive a reference dis-

tribution, I generated 20,000 random vectors of prices on years randomly drawn from a uniform

distribution with mean equal to the empirical mean. Figure F.8 shows the resulting reference

distribution and the corresponding p-value, and the results are analogous.

F Figures and Tables of the Online Appendix

Figure F.2: Pillages and conquest attempt, by hour of the day

Notes: This figure shows the distribution of the hours at which the attacks take place in the sample.
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Figure F.3: Effect of the price of gold on stationary bandits at gold sites, all time intervals

Notes: This figure plots the estimated coefficients on gold endowment, interacted with the world price of gold,
from the baseline specification using all possible time intervals. Intervals indicate 95% confidence intervals

Figure F.4: Effect of the price of coltan on stationary bandits at coltan sites, all time intervals

Notes: This figure plots the estimated coefficients on coltan endowment, interacted with the world price of coltan,
from the baseline specification using all possible time intervals. Intervals indicate 95% confidence intervals
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Figure F.5: Quantile-Quantile plot: coltan vs gold coefficients

Notes: This figure plots the estimated coefficients on coltan endowment, interacted with the world price of coltan,
on the respective quantile for the corresponding gold coefficient.

Figure F.6: Randomization inference, results from 20,000 simulated coltan endowments

Notes: The figure presents the distribution of coefficients estimated using the simulated coltan endowments. To
obtain a p-value using the new reference distribution, I compute the mass of coefficients derived from the simulated
endowments whose value is larger than the value estimated using the real endowments.
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Figure F.7: Randomization inference, results from 20,000 simulated re-assignment of observed
prices to years

Notes: The figure presents the distribution of coefficients estimated using the simulated coltan endowments. To
obtain a p-value using the new reference distribution, I compute the mass of coefficients derived from the simulated
endowments whose value is larger than the value estimated using the real endowments. The resulting distribution
is bi-modal and centered below zero because one of 12 prices is an outliers (the price that really occurred in 2000).

Figure F.8: Randomization inference, results from 20,000 simulated re-assignment of prices based
on theoretical distribution

Notes: The figure presents the distribution of coefficients estimated using the simulated coltan endowments. To
obtain a p-value using the new reference distribution, I compute the mass of coefficients derived from the simulated
endowments whose value is larger than the value estimated using the real endowments.
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Figure F.9: Intensive margin and stationary bandit’s years tenure in a given location

PANEL A: Index of fiscal sophistication (village)
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PANEL B: Index of fiscal and legal capacity (village)
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Notes: This figure plots the years of tenure coefficients (number of years a given stationary bandit exists in a
given location), from a regression of the index of fiscal sophistication (respectively, the index of administrative
development), on years of tenure, and armed group organization fixed effects, and year fixed effects. The dots
indicate the size of the coefficients, for each year of tenure. I introduce years of tenure in the specification separated
parameters for each number of years in tenure. The red lines indicate the bounds of the 95% confidence intervals.
Over time, armed groups decrease the number of taxes that they collect in the village — probably reflecting their
increasing ties with the population — and increase the likelihood that they administer the fiscal administration
and the legal administration of the village.
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Figure F.10: Recorded violent Events and known historical rebellions

Notes: This figure plots the number of attacks on the sample villages by different armed organization identified in the survey for each year and uses well
known dates for known historical rebellions as a benchmark. The left axis indicates the number of attacks recorded in the sample by armed actors of a
given armed organization, and the horizontal axis indicates the year. The dates of the attacks recorded from the survey coincide exactly with well known
historical rebellions, which are marked by the vertical lines. The thin dotted line indicates attacks by the AFDL, the thick solid black line indicates attacks
by the RCD, the black thick dashed line indicates the number of attacks by the Mayi-Mayi’s, the thin dashed line with triangles indicates the number of
attacks by the FDLR and the thin dashed line with crosses indicates the number of attacks by the Raia Mutomboki. Correspondingly, the vertical blue line
at 1996 marks the period of the AFDL rebellion as known from history; the black vertical dotted lines at 1998 and 2003 bound the Second Congo War; the
vertical dotted line indicates the date of the CNDP offensive, the green vertical dashed line at 2009 marks the Kimia II military intervention, which resulted
in massive pillage operations by the FDLR to acquire resources as their financial base was being disrupted, and the red vertical dashed line at 2011 indicates
the known year of the emergence of the Raia Mutomboki. While the number of recorded attacks is larger in the data, the source used in this figure is the
attacks module, which focuses on the details of the major attacks on the village, and which has extensive details about the attack (perpetrator identity,
group size, hour of the attack, activities in village, types of violence and amounts stolen).

103



Figure F.11: The coltan price shock from satellite

  
1999 2000 

 

Notes: This figure presents satellite imagery of the survey area at night. The left image shows the average cloud
free lights captured by NASA-NOAA satellites from the survey area in 1999. The right image does so for 2000.
International borders are drawn as orange lines. The DRC is on the left of the vertical line, and from North to
South are Uganda, Rwanda, Burundi, Tanzania on the right of the line. The major mineral endowments of the sites
attached to each support villages are as indicated in the figure legend. In the year 2000, town lighting increases in
the northern part of the picture, bordering Rwanda, which is the area around Goma, the trading hub for coltan
trade. As the price of coltan boomed, economic activity increased around Goma.
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Figure F.12: The coltan demand shock and labor supply

Notes: This figure plots the proportion of respondents of the household survey who work in a given sector, by year.
The solid line indicates the proportion of respondents who work in the mining sector, the dashed line indicates the
proportion of respondents who work in agriculture, and the dotted line represents the proportion of respondents
who work as state officials.
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Table F.1: Persistence — stationary bandits

(1) (2) (3) (4) (5) (6) (7) (8)
VARIABLES

Coltan(i) X pc(t) 0.07*** 0.06*** 0.05*** 0.07*** 0.09*** 0.09*** 0.09*** 0.10***
(0.02) (0.02) (0.02) (0.02) (0.03) (0.03) (0.03) (0.02)

Coltan(i) X pc(t-1) 0.07*** 0.06*** 0.07*** 0.00 0.00 0.01
(0.02) (0.02) (0.02) (0.01) (0.01) (0.01)

Coltan(i) X pc(t-2) 0.05** 0.06** -0.01 -0.01 -0.01
(0.02) (0.02) (0.02) (0.02) (0.02)

Coltan(i) X pc(t-3) 0.04* -0.02 -0.02 -0.01
(0.02) (0.03) (0.03) (0.03)

Coltan(i) X pc(t-4) 0.06***
(0.02)

SB(t) = L, 0.73*** 0.72*** 0.71*** 0.94***
(0.04) (0.04) (0.04) (0.28)

SB(t) = L, -0.05 -0.05
(0.03) (0.03)

Constant 0.04 -0.10** 0.19*** -0.00 0.08** 0.07 0.12** -0.10
(0.03) (0.04) (0.06) (0.09) (0.04) (0.05) (0.05) (0.13)

Observations 3,484 3,384 3,167 2,732 2,948 2,945 2,945 3,264
R-squared 0.66 0.67 0.70 0.73
Number of clusters 218 218 218 218

Notes: *** p<0.01, ** p<0.05, * p<0.1.This Table shows the estimates from a linear probability model with
mining site and year fixed effects, regressing a dummy that indicates the presence of a stationary bandit on the
lagged values of the Ci pUSc,t . Columns (1) to (4) replicate the baseline specification, but include the lags. The

coefficient on the first lag of Ci pUSc,t suggests that the coltan demand shock led to the emergence of stationary
bandits which persisted for two years after the shock, despite the sudden and permanent reversal of coltan demand
in 2001. Column (5) adds the lagged dependent variable as a regressor and implements Arellano-Bond GMM
estimation. Column (6) adds the second lag of stationary bandit and the results are unchanged. To rule out that
continued local demand for coltan is accounting for the persistence of stationary bandits, column (7) includes the
average price of coltan paid by traders at the site level, collected in the survey. Finally, column (8) implements
a 2SLS panel regression of stationary bandit on its lag, where I instrument the first lag of stationary bandit with
the first lag of Ci pUSc,t in order to account for the endogenous location of stationary bandits. The results are
unchanged, and the estimated impact of lagged stationary bandit on stationary bandit is close to 1.
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Table F.2: Persistence — taxation

(1) (2) (3) (4) (5) (6) (7) (8)
VARIABLES

Coltan(i) X pc(t) 0.08*** 0.07*** 0.07*** 0.09*** 0.11*** 0.11*** 0.11*** 0.12***
(0.02) (0.02) (0.02) (0.02) (0.02) (0.02) (0.02) (0.02)

Coltan(i) X pc(t-1) 0.11*** 0.10*** 0.11*** -0.00 -0.01 0.01
(0.02) (0.02) (0.02) (0.02) (0.02) (0.01)

Coltan(i) X pc(t-2) 0.11*** 0.12*** -0.00 0.00 0.01
(0.02) (0.02) (0.02) (0.02) (0.02)

Coltan(i) X pc(t-3) 0.06*** -0.06** -0.05* -0.03
(0.02) (0.03) (0.03) (0.03)

Coltan(i) X pc(t-4) 0.05**
(0.02)

Taxation(t) = L, 0.74*** 0.72*** 0.70*** 0.91***
(0.03) (0.03) (0.03) (0.16)

Taxation(t) = L, -0.06* -0.06**
(0.03) (0.03)

Constant -0.00 -0.14*** -0.08 -0.28*** 0.02 0.01 0.05 -0.15**
(0.03) (0.04) (0.05) (0.08) (0.03) (0.03) (0.04) (0.07)

Observations 3,554 3,448 3,225 2,780 3,002 3,002 3,002 3,331
R-squared 0.66 0.67 0.69 0.72
Number of clusters 222 222 222 223

Notes: *** p<0.01, ** p<0.05, * p<0.1. This Table shows the estimates from a linear probability model with
mining site and year fixed effects, regressing a dummy that indicates the presence of taxation on the lagged values
of the Ci pUSc,t . Columns (1) to (4) replicate the baseline specification, but include the lags. The coefficient on

the first lag of Ci pUSc,t suggests that the coltan demand shock led to the emergence of stationary bandits which
persisted for two years after the shock, despite the sudden and permanent reversal of coltan demand in 2001.
Column (5) adds the lagged dependent variable as a regressor and implements Arellano-Bond GMM estimation.
Column (6) adds the second lag of stationary bandit and the results are unchanged. To rule out that continued
local demand for coltan is accounting for the persistence of taxation, column (7) includes the average price of coltan
paid by traders at the site level, collected in the survey. Finally, column (8) implements a 2SLS panel regression
of stationary bandit on its lag, where I instrument the first lag of stationary bandit with the first lag of Ci p

US
c,t in

order to account for the endogenous location of taxation. The results are unchanged, and the estimated impact of
lagged taxation on taxation is close to 1.
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Table F.3: Persistence — attacks

(1) (2) (3) (4) (5) (6) (7) (8)
VARIABLES

Attacks(t) = L, 0.61*** 0.61*** 0.61*** 0.05
(0.09) (0.12) (0.11) (0.75)

Attacks(t) = L, -0.03 -0.04
(0.13) (0.13)

Coltan(i) X pc(t) 0.17 0.19 0.21 0.22 -0.40 -0.43 -0.49 0.19
(0.15) (0.15) (0.15) (0.15) (0.33) (0.46) (0.47) (0.15)

Coltan(i) X pc(t-1) 0.01 0.03 0.05 -0.61** -0.64* -0.52*
(0.17) (0.17) (0.18) (0.27) (0.36) (0.31)

Coltan(i) X pc(t-2) 0.13 0.13 -0.35 -0.35 -0.26
(0.17) (0.18) (0.24) (0.26) (0.24)

Coltan(i) X pc(t-3) 0.10 -0.43 -0.45 -0.18
(0.17) (0.31) (0.37) (0.23)

Constant -0.03 0.10 -0.08 -0.26 2.26* 2.35 3.31 0.15
(0.22) (0.31) (0.43) (0.53) (1.18) (1.59) (2.23) (0.62)

Observations 3,311 3,213 3,006 2,799 2,798 2,797 2,797 3,103
R-squared 0.54 0.57 0.61 0.59
Number of clusters 207 207 207 207

Notes: *** p<0.01, ** p<0.05, * p<0.1. This Table shows the estimates from a linear probability model with
mining site and year fixed effects, regressing a dummy that indicates the presence of external attacks on the lagged
values of the Ci p

US
c,t . Columns (1) to (4) replicate the baseline specification, but include the lags. The coefficient

on the first lag of Ci pUSc,t suggests that the coltan demand shock led to the emergence of external attacks which
persisted for two years after the shock, despite the sudden and permanent reversal of coltan demand in 2001.
Column (5) adds the lagged dependent variable as a regressor and implements Arellano-Bond GMM estimation.
Column (6) adds the second lag of external attacks and the results are unchanged. To rule out that continued
local demand for coltan is accounting for the persistence of external attacks, column (7) includes the average price
of coltan paid by traders at the site level, collected in the survey. Finally, column (8) implements a 2SLS panel
regression of external attacks on its lag, where I instrument the first lag of external attacks with the first lag of
Ci pUSc,t in order to account for the endogenous location of external attacks. The results are unchanged, and the
estimated impact of lagged external attacks on external attacks is close to 1.
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Table F.4: Robustness checks — external attacks (mines)
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13)

VARIABLES

Coltan(i) X pc(t) 0.09*** 0.09*** 0.07*** 0.09*** 0.10*** 0.10** 0.13*** 0.04 0.11*** 0.09*** 0.09*** 0.10***
(0.02) (0.02) (0.02) (0.02) (0.04) (0.04) (0.03) (0.03) (0.04) (0.03) (0.03) (0.03)

Coltan(i) X pc(t+1) -0.02
(0.02)

Coltan(i) X pc(t-1) 0.05***
(0.02)

Gold(i) X pg(t) -0.05** -0.10** -0.05** -0.05*** -0.01 -0.22** -0.05** -0.05** -0.03 -0.05* -0.05 -0.05** -0.10***
(0.02) (0.04) (0.02) (0.02) (0.03) (0.10) (0.02) (0.02) (0.04) (0.03) (0.03) (0.02) (0.03)

C(i) X pc(t) X D(a)(i) -0.08**
(0.04)

pc(t) X D(a)(i) 0.01
(0.02)

C(i) X pc(t) X D(r)(i) 0.08**
(0.04)

pc(t) X D(r)(i) -0.01
(0.02)

Coltan(i) X local pc(t) 0.14***
(0.03)

Constant 0.28* -15.42*** 0.33** 0.25 0.01 -10.42* 0.26 0.29* 0.14 0.28 0.28 0.43*** 0.28**
(0.16) (4.68) (0.16) (0.15) (0.15) (5.89) (0.17) (0.16) (0.33) (0.17) (0.17) (0.16) (0.11)

Observations 3,518 3,518 3,518 3,402 3,310 3,310 3,518 3,518 1,853 3,518 3,518 3,518 3,518
R-squared 0.37 0.37 0.38 0.37 0.37 0.37 0.19 0.37 0.37 0.37
Mineral time trends NO YES NO NO NO YES NO NO NO NO NO NO NO
Region*Year FE NO NO YES NO NO NO NO NO NO NO NO NO NO
Arellano-Bond NO NO NO NO YES YES NO NO NO NO NO NO NO
Weights NO NO NO NO NO NO NO NO YES NO NO NO NO
Cluster NO NO NO NO NO NO NO NO NO MUN R*Y NO NO
Model OLS OLS OLS OLS OLS OLS OLS OLS OLS OLS OLS IV OLS
Number of clusters 207 207 207

Notes: *** p<0.01, ** p<0.05, * p<0.1. This table presents the results of robustness checks, using a dummy for whether external attacks take place as
dependent variable. Column (1) implements specification 1. Column (2) adds mineral time trends. Column (3) adds region*year fixed effects. Column (4)
adds leads and lags of the regressor. Column (5) implements Arellano-Bond. Column (6) implements Arellano-Bond with mineral time trends. Column (7)
includes the interaction with the dummy indicating distance to local airports, Ci p

US
c,t D

a
i , as well as the corresponding interaction term pUSc,t D

a
i . Column

(8) includes in addition the analogous interactions for the distance to the road, Ci p
US
c,t D

r
i and pUSc,t D

r
i . In Column (9), I implement a weighted regression

using working memory scores as weights. Column (10) replicates the main specification, clustering the standard errors at the municipality level. Column
(11) clusters at the region*year level. Column (12) instruments the local price of coltan with its world price. Column (13) replaces the time invariant coltan
(gold) endowment dummy with an indicator of past coltan (gold) output.
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Table F.5: Robustness checks — extensive margin index (mines)
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13)

VARIABLES

Coltan(i) X pc(t) 0.23*** 0.22*** 0.21*** 0.24*** 0.20*** 0.19*** 0.42*** 0.03 0.36*** 0.23*** 0.23*** 0.30***
(0.05) (0.05) (0.05) (0.04) (0.07) (0.07) (0.06) (0.07) (0.09) (0.07) (0.07) (0.07)

Coltan(i) X pc(t+1) -0.06
(0.04)

Coltan(i) X pc(t-1) 0.27***
(0.04)

Gold(i) X pg(t) 0.00 -0.69*** -0.02 0.09** 0.04 -0.05 0.00 0.00 -0.03 0.00 0.00 0.00 -0.15**
(0.05) (0.09) (0.05) (0.04) (0.03) (0.16) (0.05) (0.05) (0.08) (0.10) (0.07) (0.05) (0.06)

C(i) X pc(t) X D(a)(i) -0.39***
(0.08)

pc(t) X D(a)(i) 0.03
(0.04)

C(i) X pc(t) X D(r)(i) 0.38***
(0.08)

pc(t) X D(r)(i) -0.16***
(0.04)

Coltan(i) X local pc(t) 0.34***
(0.07)

Constant -0.62* -154.54*** -0.37 -1.18*** 0.09 -16.17 -0.68* -0.36 -1.30* -0.62 -0.62 -0.24 -0.32
(0.36) (10.49) (0.36) (0.37) (0.09) (10.42) (0.38) (0.37) (0.72) (0.54) (0.48) (0.37) (0.25)

Observations 3,517 3,517 3,517 3,405 3,307 3,307 3,517 3,517 1,923 3,517 3,517 3,517 3,517
R-squared 0.68 0.70 0.69 0.64 0.69 0.68 0.64 0.68 0.68 0.68
Mineral time trends NO YES NO NO NO YES NO NO NO NO NO NO NO
Region*Year FE NO NO YES NO NO NO NO NO NO NO NO NO NO
Arellano-Bond NO NO NO NO YES YES NO NO NO NO NO NO NO
Weights NO NO NO NO NO NO NO NO YES NO NO NO NO
Cluster NO NO NO NO NO NO NO NO NO MUN R*Y NO NO
Model OLS OLS OLS OLS OLS OLS OLS OLS OLS OLS OLS IV OLS
Number of clusters 208 208 208

Notes: *** p<0.01, ** p<0.05, * p<0.1. This table presents the results of robustness checks, using the extensive margin index as dependent variable.
Column (1) implements specification 1. Column (2) adds mineral time trends. Column (3) adds region*year fixed effects. Column (4) adds leads and lags of
the regressor. Column (5) implements Arellano-Bond. Column (6) implements Arellano-Bond with mineral time trends. Column (7) includes the interaction
with the dummy indicating distance to local airports, Ci p

US
c,t D

a
i , as well as the corresponding interaction term pUSc,t D

a
i . Column (8) includes in addition the

analogous interactions for the distance to the road, Ci p
US
c,t D

r
i and pUSc,t D

r
i . In Column (9), I implement a weighted regression using working memory scores

as weights. Column (10) replicates the main specification, clustering the standard errors at the municipality level. Column (11) clusters at the region*year
level. Column (12) instruments the local price of coltan with its world price. Column (13) replaces the time invariant coltan (gold) endowment dummy with
an indicator of past coltan (gold) output.
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Table F.6: Robustness checks — extensive margin, taxation (mines)
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13)

VARIABLES

Coltan(i) X pc(t) 0.11*** 0.11*** 0.11*** 0.13*** 0.13*** 0.13*** 0.16*** 0.07** 0.15*** 0.11*** 0.11*** 0.12***
(0.02) (0.02) (0.02) (0.02) (0.03) (0.03) (0.03) (0.03) (0.04) (0.03) (0.04) (0.03)

Coltan(i) X pc(t+1) -0.02
(0.02)

Coltan(i) X pc(t-1) 0.15***
(0.02)

Gold(i) X pg(t) 0.08*** 0.01 0.07*** 0.09*** 0.02 -0.02 0.08*** 0.08*** 0.09** 0.08** 0.08*** 0.08*** 0.12***
(0.02) (0.04) (0.02) (0.02) (0.02) (0.05) (0.02) (0.02) (0.04) (0.04) (0.02) (0.02) (0.03)

C(i) X pc(t) X D(a)(i) -0.09**
(0.04)

pc(t) X D(a)(i) -0.01
(0.02)

C(i) X pc(t) X D(r)(i) 0.08**
(0.04)

pc(t) X D(r)(i) -0.01
(0.02)

Coltan(i) X local pc(t) 0.18***
(0.03)

Constant 0.03 -38.12*** 0.11 -0.24 0.03 -8.28* 0.05 0.05 -0.04 0.03 0.03 0.21 0.09
(0.16) (4.64) (0.16) (0.15) (0.08) (4.55) (0.17) (0.16) (0.33) (0.20) (0.19) (0.16) (0.11)

Observations 3,554 3,554 3,554 3,448 3,331 3,331 3,538 3,538 1,858 3,554 3,554 3,554 3,554
R-squared 0.67 0.67 0.67 0.66 0.67 0.67 0.64 0.67 0.67 0.66
Mineral time trends NO YES NO NO NO YES NO NO NO NO NO NO NO
Region*Year FE NO NO YES NO NO NO NO NO NO NO NO NO NO
Arellano-Bond NO NO NO NO YES YES NO NO NO NO NO NO NO
Weights NO NO NO NO NO NO NO NO YES NO NO NO NO
Cluster NO NO NO NO NO NO NO NO NO MUN R*Y NO NO
Model OLS OLS OLS OLS OLS OLS OLS OLS OLS OLS OLS IV OLS
Number of clusters 223 223 223

Notes: *** p<0.01, ** p<0.05, * p<0.1. This table presents the results of robustness checks, using taxation as dependent variable. Column (1) implements
specification 1. Column (2) adds mineral time trends. Column (3) adds region*year fixed effects. Column (4) adds leads and lags of the regressor. Column
(5) implements Arellano-Bond. Column (6) implements Arellano-Bond with mineral time trends. Column (7) includes the interaction with the dummy
indicating distance to local airports, Ci p

US
c,t D

a
i , as well as the corresponding interaction term pUSc,t D

a
i . Column (8) includes in addition the analogous

interactions for the distance to the road, Ci p
US
c,t D

r
i and pUSc,t D

r
i . In Column (9), I implement a weighted regression using working memory scores as weights.

Column (10) replicates the main specification, clustering the standard errors at the municipality level. Column (11) clusters at the region*year level. Column
(12) instruments the local price of coltan with its world price. Column (13) replaces the time invariant coltan (gold) endowment dummy with an indicator
of past coltan (gold) output.
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Table F.7: Robustness checks — extensive margin, stationary bandit (mines)
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13)

VARIABLES

Coltan(i) X pc(t) 0.09*** 0.09*** 0.09*** 0.11*** 0.10*** 0.10*** 0.14*** 0.02 0.16*** 0.09*** 0.09*** 0.14***
(0.02) (0.02) (0.02) (0.02) (0.03) (0.03) (0.03) (0.03) (0.04) (0.03) (0.03) (0.03)

Coltan(i) X pc(t+1) -0.03
(0.02)

Coltan(i) X pc(t-1) 0.15***
(0.02)

Gold(i) X pg(t) 0.02 -0.31*** 0.01 0.02 0.02 -0.07 0.02 0.02 0.01 0.02 0.02 0.02 -0.07**
(0.02) (0.04) (0.02) (0.02) (0.02) (0.08) (0.02) (0.02) (0.04) (0.05) (0.04) (0.02) (0.03)

C(i) X pc(t) X D(a)(i) -0.11**
(0.04)

pc(t) X D(a)(i) -0.01
(0.02)

C(i) X pc(t) X D(r)(i) 0.15***
(0.04)

pc(t) X D(r)(i) -0.06***
(0.02)

Coltan(i) X local pc(t) 0.14***
(0.04)

Constant -0.11 -66.49*** -0.02 -0.24 0.02 -4.47 -0.08 -0.02 -0.56 -0.11 -0.11 0.03 0.12
(0.18) (5.38) (0.18) (0.18) (0.05) (5.38) (0.19) (0.19) (0.37) (0.20) (0.21) (0.18) (0.12)

Observations 3,484 3,484 3,484 3,384 3,264 3,264 3,484 3,484 1,872 3,484 3,484 3,484 3,484
R-squared 0.67 0.68 0.67 0.63 0.67 0.67 0.64 0.67 0.67 0.67
Mineral time trends NO YES NO NO NO YES NO NO NO NO NO NO NO
Region*Year FE NO NO YES NO NO NO NO NO NO NO NO NO NO
Arellano-Bond NO NO NO NO YES YES NO NO NO NO NO NO NO
Weights NO NO NO NO NO NO NO NO YES NO NO NO NO
Cluster NO NO NO NO NO NO NO NO NO MUN R*Y NO NO
Model OLS OLS OLS OLS OLS OLS OLS OLS OLS OLS OLS IV OLS
Number of clusters 218 218 218

Notes: *** p<0.01, ** p<0.05, * p<0.1. This table presents the results of robustness checks, using the stationary bandit as dependent variable. Column
(1) implements specification 1. Column (2) adds mineral time trends. Column (3) adds region*year fixed effects. Column (4) adds leads and lags of the
regressor. Column (5) implements Arellano-Bond. Column (6) implements Arellano-Bond with mineral time trends. Column (7) includes the interaction
with the dummy indicating distance to local airports, Ci p

US
c,t D

a
i , as well as the corresponding interaction term pUSc,t D

a
i . Column (8) includes in addition the

analogous interactions for the distance to the road, Ci p
US
c,t D

r
i and pUSc,t D

r
i . In Column (9), I implement a weighted regression using working memory scores

as weights. Column (10) replicates the main specification, clustering the standard errors at the municipality level. Column (11) clusters at the region*year
level. Column (12) instruments the local price of coltan with its world price.
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Table F.8: Robustness checks — extensive margin, security provision (mines)
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13)

VARIABLES

Coltan(i) X pc(t) 0.06*** 0.05*** 0.05** 0.06*** 0.03 0.03 0.12*** -0.00 0.10** 0.06** 0.06** 0.10***
(0.02) (0.02) (0.02) (0.02) (0.03) (0.03) (0.03) (0.03) (0.04) (0.03) (0.03) (0.03)

Coltan(i) X pc(t+1) -0.01
(0.02)

Coltan(i) X pc(t-1) 0.08***
(0.02)

Gold(i) X pg(t) 0.01 -0.29*** 0.01 0.01 0.04*** -0.02 0.01 0.01 -0.02 0.01 0.01 0.01 -0.05**
(0.02) (0.04) (0.02) (0.02) (0.02) (0.08) (0.02) (0.02) (0.04) (0.05) (0.03) (0.02) (0.03)

C(i) X pc(t) X D(a)(i) -0.13***
(0.03)

pc(t) X D(a)(i) 0.00
(0.02)

C(i) X pc(t) X D(r)(i) 0.12***
(0.04)

pc(t) X D(r)(i) -0.05***
(0.02)

Coltan(i) X local pc(t) 0.09***
(0.03)

Constant -0.17 -48.64*** -0.10 -0.13 -0.06 -3.66 -0.17 -0.10 -0.33 -0.17 -0.17 -0.08 0.11
(0.15) (4.35) (0.15) (0.15) (0.05) (3.84) (0.15) (0.15) (0.32) (0.23) (0.17) (0.15) (0.10)

Observations 3,791 3,791 3,791 3,664 3,568 3,568 3,774 3,774 1,989 3,791 3,791 3,791 3,791
R-squared 0.65 0.66 0.66 0.63 0.65 0.65 0.63 0.65 0.65 0.65
Mineral time trends NO YES NO NO NO YES NO NO NO NO NO NO NO
Region*Year FE NO NO YES NO NO NO NO NO NO NO NO NO NO
Arellano-Bond NO NO NO NO YES YES NO NO NO NO NO NO NO
Weights NO NO NO NO NO NO NO NO YES NO NO NO NO
Cluster NO NO NO NO NO NO NO NO NO MUN R*Y NO NO
Model OLS OLS OLS OLS OLS OLS OLS OLS OLS OLS OLS IV OLS
Number of clusters 223 223 223

Notes: *** p<0.01, ** p<0.05, * p<0.1. This table presents the results of robustness checks, using security services as dependent variable. Column
(1) implements specification 1. Column (2) adds mineral time trends. Column (3) adds region*year fixed effects. Column (4) adds leads and lags of the
regressor. Column (5) implements Arellano-Bond. Column (6) implements Arellano-Bond with mineral time trends. Column (7) includes the interaction
with the dummy indicating distance to local airports, Ci p

US
c,t D

a
i , as well as the corresponding interaction term pUSc,t D

a
i . Column (8) includes in addition the

analogous interactions for the distance to the road, Ci p
US
c,t D

r
i and pUSc,t D

r
i . In Column (9), I implement a weighted regression using working memory scores

as weights. Column (10) replicates the main specification, clustering the standard errors at the municipality level. Column (11) clusters at the region*year
level. Column (12) instruments the local price of coltan with its world price. Column (13) replaces the time invariant coltan (gold) endowment dummy with
an indicator of past coltan (gold) output.
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Table F.9: Robustness checks — extensive margin index (support village)
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13)

VARIABLES

Coltan(i) X pc(t) 0.04 0.04 -0.04 0.11** 0.04 0.04 0.28*** -0.01 0.11 0.04 0.04 0.11**
(0.05) (0.05) (0.07) (0.05) (0.07) (0.07) (0.07) (0.07) (0.08) (0.07) (0.08) (0.05)

Coltan(i) X pc(t+1) -0.07
(0.04)

Coltan(i) X pc(t-1) 0.25***
(0.04)

Gold(i) X pg(t) 0.22*** -0.11 0.20*** 0.31*** 0.07* 0.37** 0.22*** 0.22*** 0.04 0.22** 0.22*** 0.22*** 0.26***
(0.05) (0.10) (0.06) (0.04) (0.04) (0.17) (0.05) (0.05) (0.07) (0.11) (0.08) (0.05) (0.05)

C(i) X pc(t) X D(a)(i) -0.44***
(0.09)

pc(t) X D(a)(i) 0.06
(0.05)

C(i) X pc(t) X D(r)(i) 0.13
(0.09)

pc(t) X D(r)(i) -0.11**
(0.05)

lncoltanprice local 0.09
(0.12)

Constant -1.33*** -145.99*** -0.98* -2.37*** 0.15 -51.53*** -1.47*** -1.15** -0.28 -1.33** -1.33** -1.22** -1.45***
(0.46) (10.52) (0.50) (0.48) (0.24) (9.75) (0.47) (0.47) (0.71) (0.56) (0.51) (0.48) (0.16)

Observations 3,937 3,937 3,903 3,800 3,705 3,705 3,937 3,937 2,220 3,937 3,937 3,937 3,937
R-squared 0.53 0.53 0.59 0.45 0.53 0.53 0.55 0.53 0.53 0.53
Mineral time trends NO YES NO NO NO YES NO NO NO NO NO NO NO
Region*Year FE NO NO YES NO NO NO NO NO NO NO NO NO NO
Arellano-Bond NO NO NO NO YES YES NO NO NO NO NO NO NO
Weights NO NO NO NO NO NO NO NO YES NO NO NO NO
Cluster NO NO NO NO NO NO NO NO NO MUN R*Y NO NO
Model OLS OLS OLS OLS OLS OLS OLS OLS OLS OLS OLS IV OLS
Number of groupreshapeid 232 232 232
5

Notes: *** p<0.01, ** p<0.05, * p<0.1. This table presents the results of robustness checks, using the extensive margin index at the village as dependent
variable. Column (1) implements specification 1. Column (2) adds mineral time trends. Column (3) adds region*year fixed effects. Column (4) adds leads
and lags of the regressor. Column (5) implements Arellano-Bond. Column (6) implements Arellano-Bond with mineral time trends. Column (7) includes
the interaction with the dummy indicating distance to local airports, Ci p

US
c,t D

a
i , as well as the corresponding interaction term pUSc,t D

a
i . Column (8) includes

in addition the analogous interactions for the distance to the road, Ci p
US
c,t D

r
i and pUSc,t D

r
i . In Column (9), I implement a weighted regression using working

memory scores as weights. Column (10) replicates the main specification, clustering the standard errors at the municipality level. Column (11) clusters
at the region*year level. Column (12) instruments the local price of coltan with its world price. Column (13) replaces the time invariant coltan (gold)
endowment dummy with an indicator of past coltan (gold) output.
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Table F.10: Robustness checks — intensive margin
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13)

VARIABLES

Coltan(i) X pc(t) -0.16*** -0.16*** -0.07 -0.15*** -0.14*** -0.14*** -0.23*** -0.15*** -0.10** -0.16*** -0.16*** -0.17*** -0.05
(0.03) (0.03) (0.04) (0.03) (0.03) (0.03) (0.04) (0.04) (0.05) (0.04) (0.05) (0.03) (0.05)

Gold(i) X pg(t) 0.20*** 0.23*** 0.08** 0.35 0.05* 0.43*** 0.20*** 0.14*** 0.10** 0.20** 0.20*** 0.17***
(0.03) (0.07) (0.04) (0.28) (0.03) (0.13) (0.03) (0.03) (0.05) (0.08) (0.04) (0.05)

Coltan(i) X pc(t+1) 0.07
(0.15)

Coltan(i) X pc(t-1) -0.25
(0.18)

C(i) X pc(t) X D(a)(i) 0.11**
(0.05)

pc(t) X D(a)(i) -0.04
(0.03)

C(i) X pc(t) X D(r)(i) 0.04
(0.05)

pc(t) X D(r)(i) -0.01
(0.03)

Gold(i) X local pg(t) 0.11*
(0.06)

Constant -1.01*** 10.18 -0.52 -0.75** 0.05 38.92*** -0.89*** -0.90*** 0.28 -1.01** -1.01*** -0.49*** -1.25***
(0.33) (7.36) (0.35) (0.36) (0.25) (14.86) (0.34) (0.32) (0.46) (0.42) (0.31) (0.18) (0.15)

Observations 4,031 4,031 4,014 3,802 3,783 3,783 4,031 4,031 2,239 4,031 4,031 4,031 4,057
R-squared 0.82 0.82 0.84 0.83 0.82 0.82 0.76 0.82 0.82 0.53
Mineral time trends NO YES NO NO NO YES NO NO NO NO NO NO NO
Region*Year FE NO NO YES NO NO NO NO NO NO NO NO NO NO
Arellano-Bond NO NO NO NO YES YES NO NO NO NO NO NO NO
Weights NO NO NO NO NO NO NO YES NO NO NO NO
Cluster NO NO NO NO NO NO NO NO MUN R*Y NO NO
Model OLS OLS OLS OLS OLS OLS OLS OLS OLS OLS IV OLS
Number of clusters 230 230 230

Notes: *** p<0.01, ** p<0.05, * p<0.1. This table presents the results of 15 robustness checks on specification 1, using the security service dummy as
dependent variable. Column (1) adds as a regressor to the main specification the corresponding interaction for the gold mining sites, Gi p(G)USt . Column (2)
includes mineral time trends. Column (3) includes region*year fixed effects. Column (4) includes mineral time trends as well as region*year effects. Column
(5) includes leads and lags of the regressor as a falsification exercise. Column (6) implements the Arellano-Bond estimation to allow for a dependent variable
as well as the inclusion of municipality (cluster of mines) and year fixed effects. Column (7) includes all robustness checks in the main linear probability
model: mineral time trends, region*year fixed effects, and the variable Gi p(G)USt as a regressor. Column (8) includes the interaction with the dummy
indicating distance to local airports, Ci p

US
c,t D

a
i , as well as the corresponding control pUSc,t D

a
i . Column (9) includes in addition the analogous interactions

for the distance to the road, Ci p
US
c,t D

r
i and pUSc,t D

r
i . Column (10) replicates Column (9), but includes the corresponding interaction for gold mining sites,

Gi p(G)USt as well as mineral time trends and region year effects. In Column (11), I implement a weighted regression using working memory scores as
weights, thus discounting observations of locations where working memory scores were low. Column (12) replicates the main specification, clustering this
time the standard errors at the municipality level. Column (13) also clusters at the District*year level. There are 5 districts and 16 years in the sample,
thus 80 such clusters. Column (14) instruments the local price of coltan with its world price.

115



Table F.11: Robustness checks — Conditional logit and Rare Events Logistic Regressions (King and Zeng, 2001)

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)
Output Labor Output Labor

Stationary Taxation Taxation Security Attacks Stationary Taxation Taxation Security Attacks
VARIABLES Bandit Mine Mine Mine external Bandit Mine Mine Mine external

Coltan(i) X pc(t) 0.80** 1.37*** 0.60 0.44 0.81*** 0.88** 1.50** 0.63 0.48 0.91***
(0.35) (0.50) (0.63) (0.39) (0.31) (0.38) (0.59) (0.47) (0.43) (0.32)

Constant -5.26 17.25** 49.58*** -3.91*** 12.51
(3.76) (6.75) (9.11) (1.14) (52.46)

Observations 2,012 848 944 1,680 1,663 2,012 848 944 1,680 1,663
Model LOGIT LOGIT LOGIT LOGIT LOGIT K.Z. K.Z. K.Z. K.Z. K.Z.
Start year 1996 1996 1996 1996 1996 1996
End year 2011 2011 2011 2011 2011 2011

Notes: *** p<0.01, ** p<0.05, * p<0.1. This table uses alternative specifications to replicate the results of the linear probability model for the outcomes
stationary bandits, attempted conquests, taxation. A stationary bandit is defined as an armed actor who holds the monopoly of violence in a given site for at
least 6 months (approximately). The baseline linear probability model was Yit = βt +αi + γcColtanipct + εit where Coltani is a dummy indicating whether
site i is endowed with available coltan, which is constant over time, pct is the logarithm of the US price of coltan, and βt and αi are year and site fixed
effects. Columns (1) to (3) present the results using a conditional logit regression with support village and year fixed effects instead. Columns (4) to (6)
present the results using rare events logistic regression, as developed by (King and Zeng, 2001), in order to account for the possibility that small number of
successes among the dependent variables leads to a rare event bias.
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Table F.12: Extensive margin — Decomposition into village militia, regional militia, external armies

PANEL A: Mines (n=411)
(1) (2) (3) (4) (5) (6)

Village Regional External External External External
VARIABLES militia militia All DRC Army Tutsi Hutu

Coltan(i) X pc(t) 0.01 0.09*** -0.01 -0.03* 0.04*** -0.03**
(0.03) (0.02) (0.02) (0.02) (0.01) (0.01)

Gold(i) X pg(t) 0.08** -0.05*** 0.05*** 0.17*** -0.08*** -0.03**
(0.03) (0.02) (0.01) (0.01) (0.01) (0.01)

Constant -0.74** 0.31* 0.05 -0.51*** 0.62*** 0.03
(0.32) (0.18) (0.14) (0.14) (0.13) (0.12)

Observations 2,917 5,176 5,455 5,166 5,455 5,159
R-squared 0.30 0.44 0.56 0.47 0.40 0.45

PANEL B: Support village (n=239)
(1) (2) (3) (4) (5) (6)

Village Regional External External External External
VARIABLES militia militia All DRC Army Tutsi Hutu

Coltan(i) X pc(t) 0.07*** 0.06** -0.03 -0.02 -0.01 -0.04***
(0.02) (0.03) (0.03) (0.02) (0.02) (0.01)

Gold(i) X pg(t) -0.04** -0.07*** 0.14*** 0.23*** 0.06*** 0.01
(0.02) (0.02) (0.03) (0.02) (0.02) (0.01)

Constant 0.07 0.44** -0.01 -0.58*** -0.00 -0.08
(0.16) (0.21) (0.24) (0.18) (0.17) (0.11)

Observations 3,669 3,669 3,781 3,669 3,781 3,669
R-squared 0.51 0.40 0.43 0.52 0.49 0.50

Notes: *** p<0.01, ** p<0.05, * p<0.1. Standard errors in parentheses. This table presents the results from specification 1, breaking it down by type of
stationary bandit in order to elicit mechanisms. Columns (1)-(3) use village militia, regional militia, and external armed organizations. Village militia are
stationary bandits that emerge in the municipality as a popular mobilization. Regional militia are popular mobilizations that emerge in the region, but not
in the municipality. Regional militia include the many Mayi-Mayi factions — Janvier, Kaganga, Kasingie, Kifuafua, Padiri, Lafontaine, Lulwako, Mudohu,
Katalayi, Mze, Nyakiliba, Sim, Samy, Surambaya — Raia Mutomboki (factions Eyadema/Kikuni, former Kifuafua, Jean Musumbu, Sisawa/Meshe/Ngandu),
Nyatura, Batiri, Katuku, and Mbaire. External organizations are not from the area, most often “foreign” ethnic groups. External organizations include the
Tutsi-dominated RCD, CNDP, AFDL, M23, and PARECO, the Hutu-dominated FDLR (including FDLR Tanganyika) and Interahamwe, as well as other
groups, such as ADF-NALU. I consider the Congolese army in isolation from other external organizations, because they (imperfectly) represent the interests
of the population. All regressions include year fixed effects as well as the full set of interactions that saturate the model in specification 1. Panel A also
includes mining site fixed effects and Panel B includes support village fixed effects. The mining site analysis is not collapsed at the municipality level.
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Table F.13: Extensive margin of state formation — Mechanisms

MINES (n=411) SUPPORT VILLAGE (n=239)
Internal External Internal External

Stationary bandit attack* attack Stationary bandit attack attack
existence taxation security existence taxation security

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)

PANEL A: No stationary bandit at mine in t-1 PANEL B: No stationary bandit at village in t-1

C(i) X pc(t) 0.13*** 0.19*** 0.07*** 0.01 0.11*** 0.16*** 0.10*** 0.08** 0.01 0.24*
(0.02) (0.02) (0.02) (0.01) (0.02) (0.05) (0.04) (0.03) (0.02) (0.13)

G(i) X pg(t) -0.05** 0.08*** -0.01 0.00 -0.01 0.03 -0.03 0.08** -0.02 -0.39***
(0.02) (0.02) (0.02) (0.01) (0.02) (0.05) (0.04) (0.03) (0.02) (0.14)

Constant -0.32 -0.32 -0.40** 0.05 -0.27 -0.32 -0.24 -0.40 0.02 1.14
(0.21) (0.20) (0.20) (0.15) (0.21) (0.44) (0.38) (0.29) (0.15) (1.24)

Observations 2,811 2,167 2,813 1,032 1,984 1,475 1,475 1,475 1,472 1,472
R-squared 0.30 0.61 0.39 0.13 0.38 0.28 0.62 0.27 0.21 0.77

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)

PANEL C: Stationary bandit present at mine in t-1 PANEL D: Stationary bandit present at village in t-1

C(i) X pc(t) -0.00 0.02 0.01 -0.07 0.06 -0.02 0.00 -0.05 0.02 0.14
(0.03) (0.03) (0.03) (0.11) (0.05) (0.03) (0.03) (0.04) (0.03) (0.09)

G(i) X pg(t) 0.04 0.11*** 0.03 -0.28* -0.11** 0.04 -0.00 0.11*** -0.01 -0.11
(0.03) (0.03) (0.03) (0.15) (0.04) (0.03) (0.03) (0.04) (0.03) (0.08)

Constant 0.39 -0.15 0.03 2.68* 0.99* 1.12*** 0.64** 0.52 0.08 0.08
(0.29) (0.38) (0.33) (1.41) (0.51) (0.25) (0.32) (0.35) (0.29) (0.78)

Observations 1,980 1,648 1,967 768 1,487 1,999 1,999 1,999 1,972 1,971
R-squared 0.32 0.78 0.78 0.30 0.42 0.30 0.46 0.49 0.48 0.72

Notes: *** p<0.01, ** p<0.05, * p<0.1. This table presents the results from specification 1, breaking it down by type of location and whether the location
had a stationary bandit in order to elicit mechanisms. Columns (1)-(5) report the mine results, and columns (6)-(10) the support village results. Panel A
restricts the sample to mining sites where a stationary bandit was not present in t− 1. Panel B restricts the sample to support villages where a stationary
bandit was not present in t− 1. Panel C restricts the sample to mining sites where a stationary bandit was present in t− 1. Panel D restricts the sample to
support villages where a stationary bandit was present in t− 1. All regressions include year fixed effects, and the fully saturated specification as in Table 1.
Panels A and C include mining site fixed effects, and Panels B and D include support village fixed effects. I do not report all interactions for conciseness.
“*” indicates the variable is only present in the South Kivu sample. Unlike Table 1, the mining sites’ analysis is not collapsed at the municipality level to
allow to restrict the sample to mining sites that had a stationary bandit in t− 1 and the rest.
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Table F.14: Welfare implications of stationary bandits — heterogeneous effect of the coltan shock, additional controls

Output and labor supplies Consumption Public Revealed preference:
and savings goods Migration

(1) (2) (3) (4) (5) (6) (7) (8) (9)
Mine Household Household Households Village Mine Village Village

surplus in in savings # Security Village # #
VARIABLES dummy mining agriculture index weddings service curfew immigrants emigrants

C(i) X pc(t) 0.01 0.03** 0.01 0.03 3.41*** -0.11*** -0.22*** 4.00 5.48
(0.02) (0.01) (0.01) (0.03) (0.60) (0.02) (0.08) (17.26) (18.98)

C(i) X pc(t) X SB(it) 0.02*** 0.00 -0.01*** 0.01 -0.25 0.13*** -0.07*** 3.20 -0.60
(0.01) (0.00) (0.00) (0.01) (0.17) (0.01) (0.02) (4.67) (5.14)

C(i) X pc(t) X SB(it) X Militia(it) 0.03*** 0.01*** -0.00 0.02*** 0.74*** -0.00 0.12*** 26.67*** 3.08
(0.01) (0.00) (0.00) (0.01) (0.17) (0.01) (0.03) (4.55) (4.98)

Constant 0.56*** 0.02 0.40*** -0.10* 1.69 0.17*** 0.48*** 6.71 7.26
(0.03) (0.02) (0.02) (0.06) (1.12) (0.03) (0.06) (31.11) (33.55)

Observations 3,356 1,960 1,960 2,090 3,014 3,484 947 3,039 3,089
R-squared 0.71 0.64 0.78 0.14 0.54 0.71 0.49 0.22 0.18

Notes: *** p<0.01, ** p<0.05, * p<0.1. This Table regresses 3 proxies for mine surplus and 5 proxies for household welfare on the main interaction,
Ci pUSc,t , the same variable interacted with a dummy indicating whether a stationary bandit is present in mine i at time t, Ci pUSc,t SB(it), as well as the

quadruple interaction t, Ci pUSc,t SB(it) Militia(it), where the dummy Militia(it) indicates whether a local militia controls the village. Column (1) uses
as dependent variable the proxy for surplus generated through mining activity. Column (2) and (3) use households’ sectoral choice as an indication of the
relative profitability to mine, instead of agricultural production. Respectively Columns (2) and (3) regress a dummy indicating whether a household of
that municipality worked in the mining sector in a given year; whether a household worked in agriculture. Column (4) regresses the household index for
assets, which I constructed using principal components on the time series for the various household assets. Column (5) uses the number of weddings that are
celebrated in each municipality each year as a dependent variable, to capture income shocks. Column (6) uses as dependent variable a dummy indicating
whether the stationary bandit provides security services in the mine in a given year, and Column (7) does the same for whether the stationary bandit imposes
a curfew, a common strategy to provide security at night since it allows to improve monitoring of pillager. Column (8) uses the village level data for the
yearly total number of immigrants to the village, and Column (9) for the yearly number of emigrants from the village. All household level outcomes are
collapsed at the municipality-year level. All regressions include controls for mineral prices interacted with collapsed municipality-level mineral endowments,
as well as year dummies interacted with constant geographic characteristics - distance to the closest airport.
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Table F.15: Welfare implications of stationary bandits — heterogeneous effect of the gold shock

s

Output and labor supplies Consumption Public Revealed preference:
and savings goods Migration

(1) (2) (3) (4) (5) (6) (7) (8) (9)
Mine Household Household Household Village Mine Village Village

surplus in in savings # Security Village # #
VARIABLES dummy mining agriculture index weddings service curfew immigrants emigrants

G(i) X pg(t) -0.05*** 0.09*** -0.08*** 0.04 -0.06 -0.01 -0.22*** -22.30 1.71
(0.02) (0.01) (0.01) (0.03) (0.62) (0.02) (0.07) (17.40) (19.30)

G(i) X pg(t) X SB(it) 0.00 0.00*** -0.00** -0.00 -0.10 0.07*** 0.04*** 4.90** 0.11
(0.00) (0.00) (0.00) (0.00) (0.09) (0.00) (0.01) (2.38) (2.62)

G(i) X pg(t) X SB(it) X Militia(it) -0.00 -0.00 -0.00** 0.01 -0.08 0.01*** 0.03** 7.89*** 0.09
(0.00) (0.00) (0.00) (0.00) (0.09) (0.00) (0.01) (2.57) (2.83)

Constant 0.72*** -0.30*** 0.72*** -0.21* 6.83*** 0.06 0.63*** 85.57 9.87
(0.05) (0.04) (0.04) (0.13) (2.02) (0.05) (0.10) (58.21) (64.17)

Observations 3,356 1,960 1,960 2,090 3,014 3,484 947 3,039 3,089
R-squared 0.70 0.65 0.79 0.13 0.53 0.75 0.50 0.21 0.17

Notes: *** p<0.01, ** p<0.05, * p<0.1. This Table regresses 3 proxies for mine surplus and 5 proxies for household welfare on the main interaction,
Gi pUSc,t , the same variable interacted with a dummy indicating whether a stationary bandit is present in mine i at time t, vi pUSc,t SB(it), as well as the

quadruple interaction t, Ci pUSc,t SB(it) Militia(it), where the dummy Militia(it) indicates whether a local militia controls the village. Column (1) uses
as dependent variable the proxy for surplus generated through mining activity. Column (2) and (3) use households’ sectoral choice as an indication of the
relative profitability to mine, instead of agricultural production. Respectively Columns (2) and (3) regress a dummy indicating whether a household of
that municipality worked in the mining sector in a given year; whether a household worked in agriculture. Column (4) regresses the household index for
assets, which I constructed using principal components on the time series for the various household assets. Column (5) uses the number of weddings that are
celebrated in each municipality each year as a dependent variable, to capture income shocks. Column (6) uses as dependent variable a dummy indicating
whether the stationary bandit provides security services in the mine in a given year, and Column (7) does the same for whether the stationary bandit imposes
a curfew, a common strategy to provide security at night since it allows to improve monitoring of pillagers. Column (8) uses the village level data for the
yearly total number of immigrants to the village, and Column (9) for the yearly number of emigrants from the village. All household level outcomes are
collapsed at the municipality-year level. All regressions include controls for mineral prices interacted with collapsed municipality-level mineral endowments.
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Table F.16: Welfare implications of stationary bandits — IV for regional militia using the coltan shock

Output and labor supplies Consumption Public Revealed preference:
and savings goods Migration

(1) (2) (3) (4) (5) (6) (7) (8) (9)
Mine Household Household Household Village Mine Village Village

surplus in in savings # Security Village # #
VARIABLES dummy mining agriculture index weddings service curfew immigrants emigrants

SB(it) 0.71** 0.63 -0.61 -8.59 -332.76 0.65*** 3.88 -1.29 1.91
(0.32) (1.50) (1.46) (20.16) (1,134.24) (0.20) (49.44) (19.45) (6.73)

Constant 0.48*** 0.04** 0.34*** 0.05 17.17 -0.02 -0.58 0.28 0.15
(0.05) (0.02) (0.02) (0.27) (39.96) (0.03) (12.84) (0.22) (0.16)

Observations 3,356 1,872 1,872 1,989 2,862 3,484 914 1,785 1,870
Number of clusters 210 117 117 117 215 218 69 115 115

Notes: *** p<0.01, ** p<0.05, * p<0.1. Column (1) uses as dependent variable the proxy for surplus generated through mining activity. Column (2) and
(3) use households’ sectoral choice as an indication of the relative profitability to mine, instead of agricultural production. Respectively Columns (2) and (3)
regress a dummy indicating whether a household of that municipality worked in the mining sector in a given year; whether a household worked in agriculture.
Column (4) regresses the household index for assets, which I constructed using principal components on the time series for the various household assets.
Column (5) uses the number of weddings that are celebrated in each municipality each year as a dependent variable, to capture income shocks. Column
(6) uses as dependent variable a dummy indicating whether the stationary bandit provides security services in the mine in a given year, and Column (7)
does the same for whether the stationary bandit imposes a curfew, a common strategy to provide security at night since it allows to improve monitoring of
pillagers. Column (8) uses the village level data for the yearly total number of immigrants to the village, and Column (9) for the yearly number of emigrants
from the village. All household level outcomes are collapsed at the municipality-year level.
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Table F.17: Welfare implications of stationary bandits — IV for regional militias using the Sun-City national peace agreement

Output and labor supplies Consumption Public Revealed preference:
and savings goods Migration

(1) (2) (3) (4) (5) (6) (7) (8) (9)
Mine Household Household Household Village Mine Village Village

surplus in in savings # Security Village # #
VARIABLES dummy mining agriculture index weddings service curfew immigrants emigrants

SB(it), militia 0.05 0.06 -0.12*** -0.13 -0.43 0.38*** 0.80*** 307.67* 13.61
(0.07) (0.04) (0.05) (0.09) (2.36) (0.11) (0.13) (163.90) (86.18)

Constant 1.34*** -0.05 0.55*** 0.32 12.07* -0.01 1.08*** 380.22 314.72
(0.26) (0.16) (0.19) (0.52) (6.59) (0.26) (0.35) (233.89) (322.13)

Observations 1,917 1,045 1,045 1,175 1,779 2,007 566 1,743 1,764
Number of clusters 213 131 131 131 222 223 69 224 223

Notes: *** p<0.01, ** p<0.05, * p<0.1. Column (1) uses as dependent variable the proxy for surplus generated through mining activity. Column (2) and
(3) use households’ sectoral choice as an indication of the relative profitability to mine, instead of agricultural production. Respectively Columns (2) and (3)
regress a dummy indicating whether a household of that municipality worked in the mining sector in a given year; whether a household worked in agriculture.
Column (4) regresses the household index for assets, which I constructed using principal components on the time series for the various household assets.
Column (5) uses the number of weddings that are celebrated in each municipality each year as a dependent variable, to capture income shocks. Column
(6) uses as dependent variable a dummy indicating whether the stationary bandit provides security services in the mine in a given year, and Column (7)
does the same for whether the stationary bandit imposes a curfew, a common strategy to provide security at night since it allows to improve monitoring of
pillagers. Column (8) uses the village level data for the yearly total number of immigrants to the village, and Column (9) for the yearly number of emigrants
from the village. All household level outcomes are collapsed at the municipality-year level. Table F.19 presents the first stage.

122



Table F.18: Welfare implications of stationary bandits — IV for external armies using the Sun-City national peace agreement

Output and labor supplies Consumption Public Revealed preference:
and savings goods Migration

(1) (2) (3) (4) (5) (6) (7) (8) (9)
Mine Household Household Household Village Mine Village Village

surplus in in savings # Security Village # #
VARIABLES dummy mining agriculture index weddings service curfew immigrants emigrants

SB(it), external -0.10 -0.03 -0.01 -0.04 -4.91** 0.10 0.12 305.79* -66.89
(0.10) (0.04) (0.04) (0.10) (1.95) (0.13) (0.15) (168.03) (61.31)

Constant 1.46*** 0.01 0.41** 0.17 11.07 0.43* 0.77** 709.08** 324.43
(0.23) (0.15) (0.16) (0.49) (6.85) (0.25) (0.33) (356.92) (260.24)

Observations 1,917 1,045 1,045 1,175 1,779 2,007 566 1,743 1,764
Number of clusters 213 131 131 131 222 223 69 224 223

RA

Notes: *** p<0.01, ** p<0.05, * p<0.1. Column (1) uses as dependent variable the proxy for surplus generated through mining activity. Column (2) and
(3) use households’ sectoral choice as an indication of the relative profitability to mine, instead of agricultural production. Respectively Columns (2) and (3)
regress a dummy indicating whether a household of that municipality worked in the mining sector in a given year; whether a household worked in agriculture.
Column (4) regresses the household index for assets, which I constructed using principal components on the time series for the various household assets.
Column (5) uses the number of weddings that are celebrated in each municipality each year as a dependent variable, to capture income shocks. Column
(6) uses as dependent variable a dummy indicating whether the stationary bandit provides security services in the mine in a given year, and Column (7)
does the same for whether the stationary bandit imposes a curfew, a common strategy to provide security at night since it allows to improve monitoring of
pillagers. Column (8) uses the village level data for the yearly total number of immigrants to the village, and Column (9) for the yearly number of emigrants
from the village. All household level outcomes are collapsed at the municipality-year level. Table F.19 presents the first stage.
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Table F.19: Welfare implications of stationary bandits — First-stage effect of Sun-city peace
agreement

(1) (2) (3)
Village Regional External

VARIABLES militia militia groups

POST(t) -0.06* -0.01 -0.09***
(0.03) (0.01) (0.01)

TARGET(i) 0.73*** 0.84*** 0.83***
(0.05) (0.04) (0.04)

POST(t) X TARGET(i) -0.59*** -0.63*** -0.69***
(0.06) (0.05) (0.06)

Constant 0.11*** 0.06*** 0.10***
(0.02) (0.01) (0.01)

Observations 1,042 2,007 2,007
R-squared 0.35 0.42 0.42

Notes: *** p<0.01, ** p<0.05, * p<0.1. This Table presents the first stage of the 2SLS specification that
instruments the presence of a stationary bandit with the timing and targeting of a national peace agreement in
2002-2003. Respectively, the proportion of compliers is 69%, 63%, 59% for external groups (column 3), regional
militia (column 2), and village militia (column 1).
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Figure F.13: Classical measurement error due to recall? Survey and ACLED violent events

Notes: This figure plots the number of attacks on the sample municipalities from the survey of this paper, as well as the number of attacks recorded by
ACLED which are located in the neighborhood of the survey municipalities. I represent the total number of attacks recorded in the survey with the solid
line, and the number of attacks recorded from ACLED in the neighborhood of my survey villages with the dashed lines for different perimeters around the
villages. To assign battles recorded by ACLED to the survey villages, I computed the number of geo-located ACLED battles that were located within a
given perimeter of the survey village. The dashed lines report the results using the number of events of ACLED near the village using circles of radius 10km,
5 km, and 2 km. The solid line, obtained with data from this survey, matches well-known phases of the Congo Conflict. The number of attacks rises in 1998
drastically, with the beginning of the Second Congo War, and in 2000 during the coltan shock. Attacks then decrease with the post-conflict period, and rise
again in 2009/2010. This last rise is the rise in attacks by the FDLR in response to the Kimia II military operation by the Congolese Army (see Sanchez
de la Sierra (2016)). In contrast to the survey data, the geo-referenced ACLED dataset does not capture these trends, especially for the First and Second
Congo Wars. This provides additional confidence in the attacks data from the survey and suggests the ACLED data may not be suitable for geo-located
analyses during the Congo wars.
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Figure F.14: Official authorization of the project

Notes: This figure presents the official authorization for the project.
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Table F.20: Survey and ACLED violent events

(1) (2) (3) (4) (5) (6) (7) (8) (9)
ACLED ACLED ACLED ACLED ACLED ACLED ACLED ACLED Survey

VARIABLES 1km 2km 5km 10km 15km 20km 25km 50km attacks

ACLED, 1km -0.08
(0.27)

ACLED, 2km 0.32*
(0.16)

ACLED, 5km -0.13
(0.09)

ACLED, 10km 0.07
(0.06)

ACLED, 15km -0.02
(0.05)

ACLED, 20km 0.07
(0.06)

ACLED, 25km 0.06
(0.06)

ACLED, 50km -0.06*
(0.03)

Survey attacks, municipality 0.00 0.01** 0.01 0.03** 0.05*** 0.07*** 0.07*** -0.01
(0.00) (0.00) (0.01) (0.01) (0.02) (0.02) (0.02) (0.02)

Constant -0.00 -0.00 -0.00 -0.01 -0.01 -0.01 -0.01 0.00 0.19***
(0.00) (0.01) (0.02) (0.02) (0.03) (0.03) (0.03) (0.03) (0.04)

Observations 1,836 1,836 1,836 1,836 1,836 1,836 1,836 1,836 1,836
R-squared 0.15 0.26 0.21 0.27 0.34 0.41 0.42 0.55 0.22
Year FE YES YES YES YES YES YES YES YES YES
Municipality FE YES YES YES YES YES YES YES YES YES

Notes: *** p<0.01, ** p<0.05, * p<0.1. This table presents the results on the OLS regression of battles recored by ACLED on violent events recorded
in the survey. To assign violent events recorded by ACLED to the survey municipalities, I computed the number of geo-located ACLED violent events
that were located within a given perimeter of the survey support village. I implement a linear probability model of whether a violent event was recored
by ACLED on whether a violent event was recorded by my survey. From left to right, columns (1) to (8) report the results using the number of events of
ACLED near the village using circles of radius 1km (column 1), 2km (column 2), 5km (column 3), 10km (column 4), 15km (column 5), 20km (column 6),
25km (column 7), 50km (column 8). Standard errors are clustered at the village*year level.
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Table F.21: Replication of the main result using ACLED data

(1) (2) (3) (4) (5) (6) (7) (8)
ACLED ACLED ACLED ACLED ACLED ACLED ACLED ACLED

VARIABLES 1 km 2 km 5 km 10 km 15 km 20 km 25 km 50 km

Coltan(i) X pc(t) -0.00 -0.00 0.03 0.09*** 0.20*** 0.25*** 0.32*** 0.18***
(0.01) (0.01) (0.02) (0.03) (0.04) (0.04) (0.04) (0.04)

Gold(i) X pg(t) 0.00 -0.01 -0.02 -0.06** -0.09** -0.08** -0.06 -0.05
(0.01) (0.01) (0.02) (0.03) (0.04) (0.04) (0.04) (0.04)

Constant -0.30*** -0.25*** 0.06 0.43* 0.44 0.47 0.15 0.03
(0.06) (0.09) (0.16) (0.24) (0.32) (0.34) (0.35) (0.33)

Observations 2,108 2,108 2,108 2,108 2,108 2,108 2,108 2,108
R-squared 0.18 0.25 0.20 0.27 0.36 0.43 0.45 0.57
Year FE YES YES YES YES YES YES YES YES
Municipality FE YES YES YES YES YES YES YES YES

Notes: *** p<0.01, ** p<0.05, * p<0.1. This table presents replication of the main result using ACLED data for attacks. Columns (1) to (8) respectively
use a dummy for whether an attack was recorded by ACLED in circles of diameter around the village: 1km, 2km, 5km, 10km, 15km, 20km, 25km, 50km.
To construct the variable “attack” from ACLED, I simply take the total of events recorded by ACLED, and subtract all events that are not attacks for each
year*municipality observation. The non-violent events are: strategic transit of troops, riots, non violent transfer of territory, non violent events in general,
and whether an armed changes a headquarter basis.
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