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ABSTRACT

Recent research into the relationship between agricultural income and conflict
has revealed sub-national geographic variation in the relationship. But many
governments fighting rebellion are involved in more than one conflict simulta-
neously. This paper engages in a sub-national analysis of Colombia, utilising
data on coffee income and violence across two individual rebel groups, to argue
that the relationship between shifts in agricultural income and conflict holds
only for the strongest group in a conflict region. This is explained by considera-
tions of opportunity cost, a proposition tested in an analysis of competing
mechanisms. Results show strong support for the propositions.
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The relationship between economic development and civil conflict is one of
the most robust in civil war literature (Hegre and Sambanis 2006). In general
terms: as incomes fall, conflict becomes more likely. Well-established expla-
nations of this relationship include opportunity costs and state capacity
(Collier and Hoeffler 1998, Azam 2001, Fearon 2003, Nelson 2021). However,
recent research on Africa has suggested that agricultural income alone may
be a better indicator of conflict risk (Fjelde 2015). Further research has
revealed sub-national geographic variation in this relationship (Raleigh and
Kniveton 2012, McGuirk and Burke 2016, Crost et al. 2018, Guardado and
Pennings 2020). Yet, works to date have focussed on total levels of violence in
a given region, which might overlook the potential for shifting agricultural
incomes to affect different rebel groups heterogeneously. Research into
recruitment practices and various conflict outcomes might suggest we
should expect shifting agricultural incomes do not impact all groups equally
(Weinstein 2005). Thus, this paper seeks to answer the question: which rebel
groups are most likely to be affected by a fall in agricultural income, and why?
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This paper seeks to answer these questions by proposing that the relation-
ship holds only for the strongest rebel group in a conflict zone. Given a fall in
agricultural income and resulting considerations of opportunity costs, farm-
ers considering the option of joining a rebel group will select an organisation
that offers the best benefits. The most powerful group will have a clear
advantage in being able to credibly make such promises. By attracting
a new glut of recruits, the most powerful group will be able to expand its
conflict activity, while less powerful groups will not. This study tests the
proposition by comparing the effect of changing agricultural income on
conflict outcomes for two rebel groups in Colombia from 1989-2005. It
further tests the mechanism of opportunity cost with data on wages and
hours worked, comparing this to potential grievance factors in placebo tests.
Support is found for both the primary proposition and the mechanism of
opportunity costs. No support is found for grievance factors as an alternative
explanation in the Colombian case.

Colombia has been experiencing internal armed conflict for almost 60
years, with multiple armed insurgent groups operating simultaneously across
the majority of the country. Colombia can be considered a ‘typical’ case in
which to find evidence of the relationship between agricultural incomes and
conflict due to previous findings (Seawright and Gerring 2008, Dube and
Vargas 2013). This paper uses a typical case to delve beneath the national
level to examine the influence of shifting agricultural incomes on distinct
rebel groups. Systematic data on the Colombian conflict has been gathered
for many years. This paper uses two alternative sources of conflict data to
verify its findings — one internal and one external to Colombia. Agricultural
incomes will be measured using coffee income - a key source of earnings in
the Colombian agricultural industry.’

The key contribution of this paper is thus the proposition of a primary
scope condition for the relationship between farming and fighting. Results
suggest it is time to move beyond examinations of aggregate conflict vari-
ables to consider unique impacts on individual conflict groups (Collier and
Hoeffler 1998, Fearon and Laitin 2003, Fjelde 2015, Nelson 2021). This
approach presents a multitude of opportunities to examine the true drivers
of aggregate relationships, something that continues to be debated at the
aggregate level but which may never be convincingly concluded with ana-
lyses at such levels (De Soysa and Fjelde 2010, Mousseau 2012, Jakobsen et al.
2013, Chatagnier and Castelli 2019). Beyond work on the relationship
between economic development and conflict, this work also speaks to emer-
ging literature on climate change and conflict (Hendrix and Glaser 2007,
Jun 2017, Van Baalen and Mobjork 2018, Koubi 2018). With more frequent
instances of extreme weather, the pressure placed on agricultural incomes
and potential conflict risk is abundantly clear.
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Finding that only dominant groups will be likely to start more
hostilities, combined with evidence to support opportunity costs as
the key driver of this relationship, suggests that governments should
do all in their power to offset agricultural incomes when international
prices dip if they wish to diminish the incentives for individuals to
partake in rebellion and minimise the potential power of their primary
rival.

Economic Development and Civil Conflict

Collier and Hoeffler (1998) are the first to argue that an increase in average
income levels (as proxied by GDP) results in a reduced propensity toward civil
conflict as the increase in income reflects an increase in the opportunity cost
of rebellion for all potential rebel agents.”> The theory states that income
levels or wages can be directly compared between the professions of rebel-
lion and any other legitimate occupation. Agents engaged in a cost-benefit
analysis will choose the option that maximises their utility. If wages in the
productive economy are high, the opportunity cost of becoming
a professional rebel will be equally high. This theory has become extremely
prominent in the literature as the go-to explanation of the link between
income levels and conflict (Miguel et al. 2004, Besley and Persson 2008,
Dube and Vargas 2013, McGuirk and Burke 2017). However, not all income
may be equally linked with conflict, and could even have an opposite effect -
making violence more likely.

Based on the contest model literature (Grossman 1991, 1995), Azam (2001)
argues that as the ‘size of the prize’ increases the likelihood that humans will fight
to obtain it also rises. This ‘rapacity’ theory has been particularly prominent in
explaining conflict over and attempts to control high-value resources such as
precious metals, stones, and narcotics (see e.g., Dube and Vargas 2013).

In both cases, wealth has been measured in previous works with
changes in the level of average income (GDP). This aggregate measure is
unable to reveal whether certain incomes are more peace inducing than
others. Some work on international commodity prices and conflict has
tried to move beyond GDP as a measure of this relationship. Besley and
Persson (2008), for example, use commodity prices to show that an
increase in incomes is related to an increase in the risk of conflict, while
Briickner and Ciccone (2010) find the opposite. However, neither of these
studies distinguishes between agricultural and other commodities. Dal Bé
and Dal B6 (2011) suggest that commodities will affect conflict in different
ways based on the labour-intensivity of their production: a rise in income
from labour-intensive commodities will reduce conflict and vice versa for
capital-intensive products. Bazzi and Blattman (2014) empirically test the
impact of price fluctuations in different commodity groups on the risk of
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conflict, but fail to find evidence for a relationship between any commod-
ity price and conflict risk at the country level in their sample of Africa,
South American and Asian states. Though, they do find evidence that
rising commodity prices are associated with shorter and less intense con-
flicts for all commodity types.

Fjelde (2015) proposes that agricultural incomes, specifically, may be the
key driver of the relationship between economic development and civil
conflict in countries most at risk of conflict. Using agricultural price shocks
and civil war events in Africa, Fjelde outlines a clear relationship between
agriculture and conflict: as incomes from farming rise, conflict becomes less
likely. Fjelde’s cross-national approach allows for greater confidence in the
external validity of the proposition, but it cannot establish a link between
specific actors and thus examine mechanisms. This paper will move beyond
Fjelde’s article by using a case study that allows for the examination of
individual conflict actors and mechanisms.

Dube and Vargas (2013) use coffee and oil price shocks to examine the
differential impact of price volatility in these commodities on conflict in
Colombia. They find a negative relationship between coffee prices and aggregate
conflict events, while finding a positive relationship between oil prices and
conflict events. The authors are able to show that coffee prices also affect local
wages and hours worked as a possible mechanism through which the primary
relationship may transmit. However, they did not continue to check the second
stage of the mechanism - from wages and hours worked to conflict, nor were
they able to test competing mechanisms with the data they had. In a re-
examination of this case study, this paper moves beyond Dube and Vargas by
disaggregating the country-level conflict events to the group-level (involving
individual guerrilla groups) — showing that the relationship does not hold for all
groups, only the most powerful in the conflict region. It also finishes the test of
the opportunity cost mechanism and pits it against others previously untested.

Agriculture and Conflict

Rebellions often occur in the peripheries, where economies are more likely to
be dominated by agricultural production (Desai and Eckstein 1990, Mason
2004, Kalyvas 2007). Popkin (1979) directly links opportunity cost in agricul-
tural communities to conflict, outlining how the rational peasant will review
their personal cost and gain from rebel activity and compare this to their
peaceful farming lives when considering participation in a conflict group. As
a reduction in agricultural incomes represents a drop in opportunity costs,
rational farmers should be increasingly likely to turn to soldiering for a group
that offers better returns. Collier and Hoeffler (1998) elaborate on the oppor-
tunity cost of conflict to include both concern over lost income and damage
to institutions and infrastructure that may reduce future prosperity. Miguel
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et al. (2004) directly relate agricultural income to conflict using variation in
rainfall to model opportunity costs of conflict in Africa, finding significant
results to support their hypotheses.

In a consideration of opportunity costs, we should expect groups that offer
the best selective incentives to be the primary recipient of any new labour
supply. Beyond pecuniary recompense, insurgent organisations can offer
a multitude of incentives as simple as a warm meal. They can also offer protection
in an unstable environment, and even promise future benefits to be paid out
when they are finally victorious. Faced with a cost-benefit analysis, impoverished
farmers, who feel they have no better employment opportunities, are likely to
choose to join a rebel group which they see as being the most likely to improve
their position. That is, the most likely to provide desired resources, the least likely
to cost them their life, and the most likely to secure future benefits (the most
likely to win). We already know that rebel groups attract recruits by signalling
credibility (Kalyvas 2006, pp. 126-27), and credibility is much easier to achieve
when the group appears strong, which is why conflict actors regularly tout their
successes and cover up their losses. Rational recruits would much prefer to join
a side they believe is going to win, and certainly not one they believe has a good
probability of losing (Lichbach 1998, pp. 67-68). These considerations are best
fulfilled by the most powerful rebel group, the best indicators of which, are
technology, manpower, and territorial control.

The Al Nusra front active in the Syrian civil war can be considered a case in
point. Established at the beginning of 2012 the group grew rapidly, quickly
gaining notoriety - being described as the ‘most aggressive and successful
group’ in the Free Syrian Army (Ignatius 2012). This reputation for strength
made Al Nusra the group everyone wanted to join, with fighters describing it
as ‘the “best” group in terms of taking care of fighters and benefits’ (Mironova
2016, 2019, p. 83).

Of course, in circumstances where rebel groups operate in entirely distinct
geographic regions, their monopsony position will most likely consume all
the new rebel labour supply, irrespective of whether there is a stronger group
on the other side of the country. There may also be some rare cases where
a very small rebel group has control of lucrative natural resources or is funded
by an external state. Under these circumstances, the small group may be able
to offer excessive wages to attract recruits. Nevertheless, these circumstances
are considered likely to be few and far between.

Still, any group could renege on its promises — no matter the size. If a new
incumbent believes that they can avoid paying their soldiers once victory is
achieved and they are secure enough not to be challenged by their former
comrades rebelling again, the incumbent may very well take that option.
However, this is less likely with a large group because the larger the force that
the incumbent would upset, the less secure in their position would be from
another takeover attempt.
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In sum, a fall in the opportunity cost of soldiering causes increasing
numbers to opt into that profession because employment in rebellion
now offers better benefits than productive occupations. These recruits
swell the ranks of the most powerful rebel group, eschewing weaker
groups that are less able to provide benefits and protection. As the size
of an army grows, its ability to engage in warfare also increases — 100
soldiers can do more damage than 10, and 10,000 can do more than 100.
The increasing supply of soldiers thus raises the ability of the most
powerful group to engage in armed conflict, making violence by that
group more likely.

Equally, a rise in the opportunity cost of soldiering will attract recruits away
from the more powerful group at a faster rate than for a less powerful group.
This is because recruits engaging in cost-benefit analysis are more likely to
have joined the more powerful rebel group in the first place. With a larger
percentage of these soldiers among their ranks, the more powerful group is
likely to feel the greatest impact of an increase in agricultural incomes.

H1: A reduction in agricultural income is associated with an increase in the
likelihood of violent conflict only for the strongest rebel group in a conflict
zone.

Research Design
Case Selection

This paper will test the hypotheses using disaggregated data from a single
case study - the Colombian internal conflict. This case is selected because it is
a ‘typical’ case in which to find evidence of the proposed relationships and
mechanisms (Seawright and Gerring 2008). A direct relationship between
agricultural income and the likelihood of violence has been found here
before, for example (Dube and Vargas 2013). Furthermore, several armed
groups have been involved in this conflict over a long period and across
a wide geographical area meaning that they are likely to compete for recruits.
The state provides a wide array of public goods across the country, while
Colombia is marked by stark inequality of income - being one of the most
unequal countries in the world (Serrano 2018). Globally, Colombia is counted
as an upper middle-income country (World Bank 2023) with a long history of
stable democracy, and oil and other commodity exports have generated large
revenues on which the Colombian state has built comparatively effective
public services.
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Case Study

Colombia has struggled with societal unrest for over a century (Acemoglu
et al. 2015). The current ongoing conflict in Colombia can be traced back to
the 1960s when three insurgent organisations were founded. These were the
Revolutionary Armed Forces of Colombia (FARC), the National Liberation
Army (ELN), and the Popular Liberation Army (EPL), all of which were left-
leaning movements. These groups were joined by M-19, another leftist group,
in 1970. However, M-19 disbanded in 1990 and the EPL has been a relatively
insignificant player since it widely demobilised in 1991. This leaves the
primary insurgent organisations — the FARC and the ELN - for which conflict
data has been consistently collated since 1989.

The FARC was established in 1966 with the backing of the Colombian
Communist Party. Following a Marxist-Leninist ideology, the group primarily
comprised rural peasants seeking to bring about a more equitable distribu-
tion of wealth through state transformation (Ferro and Uribe 2002, as cited in
Arjona and Kalyvas 2008). By the early 1980s, the FARC was divided into
approximately 60 war fronts and counted between 12-15,000 fighters within
its ranks (Otero 2007, as cited in Ugarriza and Craig 2013). In close compar-
ison, the ELN was founded in 1963. While it followed a similar ideological
position — Marxist-Leninism — it was established by a more middle-class group
of student leaders and union officials (Chernik 1999, as cited in de Posada
2009). Nevertheless, as with the FARC, the ELN relied heavily on peasant
communities to recruit its soldiers (Arjona and Kalyvas 2011, p. 152) and
funded itself with narco-trafficking and kidnapping. In contrast to the FARC,
the ELN has been consistently smaller in size, but grew to almost half its size
by the early 1980s (Sanin 2012, p. 182). Thus, the two groups can be counted
as very similar in terms of aims, ideology, recruitment base and funding, yet
differing in size. On 24 November 2016, the FARC signed a peace agreement
with the Colombian government. At the time of writing, the ELN is currently
still in open conflict with state forces.

Dependent Variable

The dependent variable of interest in this study is conflict incidence. This
paper will use binary indicators of conflict incidence by municipality and rebel
group, employing two separate sources to confirm validity of the indicator
and findings. It will also move beyond the binary incidence indicator of
previous works to look at variation in the number of conflict events as well.
The two sources of conflict data that will be used are the (UCDP)
Georeferenced Event Dataset (Sundberg and Melander 2013), and the Panel
Conflicto y Violencia of the Panel Municipal del CEDE. The UCDP
Georeferenced Event Dataset (version 19.1) can be mapped across the
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municipalities of Colombia and includes the years 1989-2018. According to
this dataset, a conflict event is ‘an incident where armed force was used by an
organised actor against another organized actor, or against civilians, resulting
in at least 1 direct death at a specific location and a specific date’ (Hogbladh
2019). The UCDP coding allows for attacks against civilians to be filtered out.
However, in instances of conflict between violent actors, it does not discrimi-
nate between guerrilla-initiated attacks and those initiated by the state.
Therefore, the UCDP indicators will be verified with the use of data from an
alternative source based in Colombia.

The Panel Conflicto y Violencia of the Panel Municipal del CEDE is a dataset
compiled by El Centro de Estudios sobre Desarrollo Econémico (CEDE) based
at the Universidad de los Andes in Bogota from various sources (CEDE 2017).
This paper will use disaggregated data on the number of guerrilla attacks by
FARC and the ELN on military targets in their original form (count) and
converted to a yearly incidence variable. The primary source of data for
these variables is collated from state departments such as the
Administrative Department of Security. Because each of these sources is likely
to have their own particular reporting bias, this paper will thus examine data
from both for validation purposes - including binary and count indicators.

To conclude, the dependent variable is either a dummy or count indicator
of FARC or ELN conflict events by municipality-year (the unit of analysis).
These indicators are verified by two sources giving a total of eight dependent
variables (two groups, two sources, and two specifications of the dependent
variable). Note that these indicators exclude violence against civilians and so
removes any concern that models are detecting rapacity as the cause behind
an increase in rebel attacks (Koren and Bagozzi 2017, Crost and Felter 2020).
The below map (Figure 1) shows the position of conflict events coded by
UCDP from 1989 to 2018. The image reveals the widespread nature of conflict
with the FARC and ELN, which has affected most of the country.

As with many studies of recruitment, this paper examines conflict indicators
rather than recruitment directly (Regan and Norton 2005, Berman et al. 2011,
Vadlamannati 2011, Dube and Vargas 2013). Rebel groups have obvious incen-
tives to hide their true power from the enemy and thus do not make recruit-
ment information public. Although some estimates exist for the size of the
FARC and ELN at various points during the conflict, these are not regarded as
highly accurate and are numbered in thousands only as estimates of country-
wide guerrilla size. Hopefully, recruitment can be more accurately measured in
the future, at which point using a direct measure would be vastly preferable.

Independent Variables

Agricultural income is captured in this paper using coffee production income.
Coffee is grown widely in Colombia; it is the main agricultural export
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Figure 1. UCDP conflict events in Colombia disaggregated by rebel group, 1989-2018.

and second largest commodity exported by value behind mineral fuels (oil,
coal, etc.). The vast majority of coffee is grown on family-run smallholdings in
over 500 municipalities of Colombia but attracts a regular seasonal agricul-
tural workforce for harvesting (Ortiz 1999). In 2010, coffee exports were
valued at US$2.3 billion and represented 16 per cent of official national
agricultural GDP (Andrade et al. 2013).

By measuring coffee income via production and international prices, this
paper side-steps the issue of the informal nature of some production in
Colombia, in which personal incomes may not be registered. The price for
coffee beans is set internally in Colombia, which may be biased by factors
relating to the internal conflict. Because of this, coffee income is instrumented
in this study by an interaction of international prices and local weather and
soil conditions. These instruments build on those used in Dube and Vargas
(2013) with the addition of soil condition data from the Harmonized World
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Soil Database v1.2, which improves the identification of the endogenous
variable. Although Bove and Gavrilova (2014) find that conflict events in
Afghanistan did not affect commodity prices in the long-run, this paper
further proxies international coffee prices using the production levels of the
top three coffee producing nations (excluding Colombia) to ensure that
variation in Colombian production is not feeding back into price.
International production data was obtained from the International Coffee
Organization.

Data on coffee production by municipality is from a census of coffee
production conducted by the Colombian National Coffee Federation in
1997. Intensity is measured by the number of hectares planted and was
coded from official reports by Guhl (2004). Figure 2 below shows the intensity
of coffee production across Colombia in 1997.

Thus, the key independent variable is measured using an interaction
of coffee production intensity (hectares planted) and log internal prices.
While this is the most direct measure of agricultural income from coffee,

Coffee production (hectares)
C 1o

[ >0-233

Bl >233-1217

Bl >1217 - 12035

Figure 2. Coffee intensity by municipality (hectares planted), 1997.
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the internal price is based on internal supply factors as well as world
prices. Because internal supply can be affected by conflict (delayed
harvests, destroyed crops, population decline, and displacement), this
variable is instrumented using interactions of local soil conditions (for
production intensity) and the international price of coffee, which is itself
proxied using international production figures (excluding Colombia) so as
to remove any potential influence of conflict on the independent
variable.

Coffee is grown on shrubs/small trees, which means that production
requires long-term investment. The substitution to other forms of agricultural
production when coffee prices are low, is costly. Therefore, producers are
likely to sit out bad times, hire fewer seasonal workers and take a personal
financial hit. This hit to both producers and seasonal workers may then
translate into conflict as described above. Note here that coffee is not
a common foodstuff used in the relief of hunger. Thus, examination of this
commodity can distinguish the consequences of a shift in income on conflict
outcomes from a shift in food security and hunger (Martin-Shields and Stojetz
2019). Examination of the opportunity cost mechanism will use the same data
as Dube and Vargas (2013) - from the Encuesta Nacional de Hogares (ENH).
This household survey has a rural component conducted in 23 out of 32
departments, which captures incomes and hours worked in the agricultural
sector.

In a comparison with potential grievance factors as mechanisms transfer-
ring the impact of shifting agricultural income to conflict, indicators of public
goods provision and vertical inequality will be examined. The level of local tax
income and public goods provision will be measured by four separate vari-
ables. The first measures the level of local government spending per capita on
public goods and services, including schooling and healthcare. The second
and third, measure central government transfers to the local municipality for
direct spending on health or education. An observed reduction in spending
on public services should indicate the potential for grievances resulting from
under-provision. The final variable measures municipal tax revenues, indicat-
ing potential spending power. Again, a reduction in potential spending
should correlate with a reduction in actual spending that results in grievances
against the state. None of these variables are expected to correlate with
security spending by municipality, as this is managed by the central state
following military strategy and necessity.>

Municipal governments in Colombia are able to borrow to increase spend-
ing beyond revenues. Some local governments were seemingly liberal in their
attitude to debt during the 1990s; however, since regulations were brought in
in 1997, 2000 and 2003 local government debt levels have moderated and
stood at 3.9 per cent of overall public debt in 2013 (UCLG and OECD 2016). All
borrowing to pay for local services is included in the first measure of local
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spending. Data for all variables is taken from the Panel Buen Gobierno of the
Panel Municipal del CEDE.

The level of inequality is estimated using infant mortality multiplied by
GDP. Infant mortality should fall as incomes rise because mothers and families
are better able to afford adequate healthcare. Thus, inequality can be mea-
sured when incomes are rising but infant mortality is unchanged or increas-
ing. As such, the variable used in this study reveals areas of large inequality
where infant mortality and GDP are high. Areas with high infant mortality but
low GDP, or low infant mortality and high GDP represent regions with more
equal communities. This indicator is based on the well-established relation-
ship between income inequality and infant mortality (Rodgers 1979, Flegg
1982, Nygard et al. 2017, Hillesund et al. 2018); however, to the knowledge of
this author, it is the first time that this construction (interaction with GDP) has
been used. Data on the rate of infant mortality is taken from Panel Salud
y Servicios of the Panel Municipal del CEDE. GDP figures are not available for
any period outside 2000-2009. Thus, GDP is proxied using the taxable base
variable mentioned above. This indicator should closely follow total incomes
within the municipality.

To consider the validity of this indicator, it is compared to intermittent
census data collected in 1993 and 2005 in which a Gini coefficient was
calculated for each municipality. As there is no data between these dates,
this results in 2,086 observations with which to run a comparison. The
correlation coefficient is 0.224. While this is a weak correlation, it is positive
and statistically significant. The indicator used in this study can thus consid-
ered a weak proxy for vertical inequality and results should be interpreted as
such.

Any informality in agricultural work in Colombia is not likely to affect the
results of this study, given the indicators used. Coffee income is measured
here by area sown and international prices, rather than declared incomes. If
government spending is not affected by variation in coffee income because
they are not reported, then it is equally unlikely that grievances will arise as
spending falls because of a drop in coffee income - because they are not
registered, they cannot have an impact on public finances. Finally, inequality,
as measured by infant mortality, will still pick up variation in inequality, even
if reported incomes remain unvaried. This is because a rise in infant mortality
that results from changing unreported incomes, will still impact these
measures.

Control Variables

Control variables include coca production, the municipal population, year,
region and year*region fixed effects. Municipalities are the second-order
political division of Colombia — departments being the first. There are also
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four major geographic regions (non-political divisions) of Colombia, within
which particular trends in violence or commodity production are likely to vary
by natural conditions. These regions, therefore, enter the model as additional
fixed-effect controls. Year*region fixed effects will also enter the model to
control for time-varying factors at the regional level, such as political and
economic policies.

Since the early 1980s, coca production has become a key element in the
revenue generation of both guerrilla and paramilitary groups in Colombia.
This lucrative agricultural product has been noted as a motivator for rebel
expansion (Cook 2011, p. 22). Converting land use from legitimate agricul-
tural production to coca cultivation and vice-versa may influence the relation-
ship between coffee income and conflict. Therefore, it must enter the model
as it is a potential confounder. Data on the coca cultivation is obtained from
two sources. The Direccion Nacional de Estupefacientes (DNE) has an indica-
tor of coca production in 1994 which is supplemented with data from 2001
onwards by data from the Panel Conflicto y Violencia of the Panel Municipal
del CEDE. The variable is a dummy with values of 1 if coca is being cultivated
and 0 otherwise.

The log of municipal population will enter the model to account for the
scale effect as the dependent variables of guerrilla attacks and events are
likely to become larger as the population increases. Larger populations also
allow for greater income and so, population should enter the model as
a control. Population data from the Panel Caracteristicas Generales of the
Panel Municipal del CEDE for 1993-2014. This data is extended with data from
Dube and Vargas (2013) to take coverage back to 1989 where necessary.

Method

Linear instrumental variable regression with fixed effects is used to examine
the direct relationship between coffee income and conflict. The primary
model specification has two stages. The second stage estimates the effect
of commodity prices on conflict and can be represented by

Yint = aj + Br + (Srt + (COf/r*CPt)p +Xjrr(l) + Ejrta (1)

where yj are conflict incidence variables including the dummy and count
variables from both UCDP and CEDE in municipality j, region r, and year t; q;
are municipality fixed effects; B, are year fixed effects; and X are time-
varying controls which includes coca production and the natural log of
population; Cofj is the municipality-level measure of coffee production; and
CP, is the natural log of the internal coffee price in year t adjusted for inflation.
In Equation (1), p measures the effect of coffee price on conflict incidence in
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municipalities where coffee is produced (primary independent variable). 6,
are region fixed effects.

In the regression, the first stage which estimates for coffee income can be
represented by

1 1
Cofy x CPe=a;+ B+ 6+ > Z(ij’; X T FEt) O + Xit + Ky (2)
m=01 n=0

where R is the water availability index of municipality j in municipality
r raised to the power m, Tlﬂ is the average annual temperature of municipality
j raised to the power n;6yy =0; FE; is the (log) coffee export volume of the
world’s top three coffee exporters in year t; and Xj. includes all exogenous
explanatory variables in the second stage (1).

Linear instrumental variable regression is also used to model the relation-
ship between coffee income and potential mechanisms variables. Testing of
the second stage of the mechanism channel is completed using linear fixed
effects models. It is not possible to continue to use instrumental variable
regression for the relationship between the mechanism variable and conflict
because the exclusion restriction is violated by our expectation that there
may be multiple channels through which the instruments may now affect the
dependent variable (conflict).*

Linear models are preferred as non-linear fixed-effects models drop obser-
vations of units that do not vary on the dependent variable. As this may
introduce bias into the results, linear instrumental variable regression is
preferrable. Due to limited temporal coverage of some variables, the tem-
poral coverage of the primary models varies (all periods are noted in the
results tables). The unit of analysis is municipality-year. For table of descrip-
tive statistics for model variables, see Table A0 of the supplementary material.

Results and Discussion

Table 1 presents the results of models using UCDP and CEDE data. First-stage
diagnostics show that the instruments used for coffee income are effective.
The Kleibergen — Paap F-statistic is above 10 in all models, confirming the
strength of the instruments. The J-statistic p-value is also insignificant at
standard levels, increasing confidence in the validity of the instruments.
From Table 1, it is clear that the relationship between agricultural income
and conflict holds only for the activity of the FARC. While coefficients are
negative for the ELN, they are not significant in any model. To substantively
interpret the results, consider that the mean level of coffee production
(intensity) for a coffee producing municipality is 1.55 (thousands of hectares).
From a high to a low point of internal coffee prices (1997-2002), the value fell
by 0.67 log points. This relates to a drop of 1.02 points in coffee income
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(intensity*log price) for the average municipality. Given this drop, Model 1
(FARC, UCDP) estimated an 8 per cent increase in the likelihood of conflict. It
was a rise of 13 per cent by Model 5 (FARC, CEDE). Model 2 (FARC, UCDP)
estimates an increase of 0.19 events per year, and Model 6 (FARC, CEDE) 1.08
attacks per year. Given that the average number of UCDP FARC events in the
sample is 0.11 and CEDE is 0.64 attacks per year, these estimates are relatively
large.

These findings directly support H1 — a reduction in agricultural income is
associated with an increase in the likelihood of violent conflict only for the
strongest rebel group in a conflict zone. In order to confirm that the mechan-
ism of opportunity cost is driving these results as expected, this paper now
turns to examine the mechanism explicitly.

Mechanisms

Table 2 repeats the results from Dube and Vargas (2013) of the first stage of
the mechanism with relation to opportunity cost indicators — wages and
hours worked. As can be seen, a rise in coffee price leads to a rise in both
wages and hours worked in rural municipalities.

This study now uses these intervening variables of wages and hours
worked to examine their relationship with FARC conflict events. Table 3
reports the results of these fixed effects regressions that include controls
for population, coca, and tax base, as well as year and region fixed effects.’
Again, we see that the level of hours worked and wages in a municipality
is negatively and statistically significantly related to FARC conflict events.

Table 2. Replication of Dube and Vargas (2013) hours and
wages models.

(A) (B)
Log wage Log hours
Coffee income 0.371* 0.286**
(0.217) (0.125)
Observations 26,050 57,743
Temporal coverage 1998-2005 1998-2005

Robust standard errors in parentheses. ***p < 0.01, **p <0.05, *p <0.1.
Controls omitted from table.

Table 3. Intervening variables and conflict.

FARC Conflict FARC Conflict FARC Conflict FARC Conflict
incidence (UCDP) events (UCDP) incidence (CEDE) events (CEDE)
Log hours 0.05 —-0.06 —0.24* —1.48*%*
(0.07) (0.15) (0.13) (0.60)
Log wages —0.08*** —0.17** —0.11** -0.27
(0.03) (0.09) (0.05) (0.23)

Robust standard errors in parentheses. ***p < 0.01, **p < 0.05, *p < 0.1. Controls omitted from table.
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Thus, we have evidence that when coffee prices fall, rural incomes fall; and
this fall in income is associated with a rise in conflict events. This clearly
supports opportunity cost as the mechanism driving the primary relation-
ship observed in Table 1, as expected. It also supports the proposition that
some affected individuals are engaging in a cost-benefit analysis, in which
they are most likely to decide to join the group that offers the best
potential outcomes.

While there appears to be clear evidence for H1 and the mechanism of
opportunity cost, it remains to be tested whether grievance factors are also
playing a role. Finding evidence for such factors would cast doubt on the
theoretical expectation that individuals engaged in cost-benefit analysis will
always pick the strongest group. Such factors could be more likely to increase
recruitment into specific groups that seek to represent the aggrieved com-
munity or promise to solve the injustice, for example. Thus, the paper now
examines grievance factors potentially driving the relationship observed in
Table 1 as a placebo test. These factors include grievances that result from
inequality or a reduction in public good provision.

The provision of public goods has been considered one of the best ways to
pacify a large population (Azam 1995, 2012, Fearon 1995). Several empirical
studies have backed up this claim (Justino 2004, Berman et al. 2011, Beath
et al. 2012). Where revenues from agricultural production constitute a source
of state income through taxation, a reduction in agricultural incomes will
result in diminished state revenues. Any resulting drop in redistributive
payments and provision of public goods could lead to a reduction in support
for the state as it loses hearts and minds (Azam 1995, Berman et al. 2011,
Beath et al. 2012). It may also lead to grievances as previously held expecta-
tions of service are no longer met leading to frustration-aggression responses
(Breuer and Elson 2017). Both these circumstances would lead to an increase
in individuals opting into soldiering, seeking retribution, or desiring to aid
a group that promises to redress their grievance (Collier and Hoeffler 2004).

Furthermore, reducing agricultural incomes may lead to grievances
against the state through an increase in inequality. In modern political
thought, the notion that vertical inequality will lead the aggrieved masses
to volunteer in a revolution of the proletariat against the bourgeoisie can be
traced back to Marx (2004). However, results from empirical testing of this
theory have been mixed. Some authors find positive results, others negative,
and yet more find no relationship at all (See Hillesund et al. 2018 for review).
Hillesund et al. (2018, p. 5) attribute this to the poor quality of data we
currently have on vertical inequality, the varying definitions of the concept,
varying indicators chosen and varying research designs. Nonetheless, the
contention remains noteworthy, as it is conceivable that a reduction in
agricultural income will drive inequalities between individuals in agriculture
and other sectors. The perception of such a gap, which the state is not
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helping to relieve, may cause some rural workers to down tools and join the
fight. Conflict becomes more likely as an increase in the size of the rebellion
raises the group’s ability to engage in conflict.

Table 4 presents the first stage placebo tests covering grievance factors.
Coffee income is not significantly associated with tax revenues (Model 9). This
suggests that government policy should not be adversely affected by falls in
coffee income. Models 10-12 examine the relationship between coffee
income and local government expenditure, as well as ringfenced transfers
for education and healthcare from the central state. In contrast to Model 9, all
of these models report statistically significant relationships between coffee
income and spending variables — as coffee income falls in Colombia, expen-
diture on public services also drops.

Moving to inequality, the indicator derived from infant mortality is statis-
tically significant in Model 13. However, the relationship is in the opposite
direction from that expected - a rise in agricultural incomes causes a rise in
inequality, and it does not appear that this relationship is simply being driven
by a rise in GDP/taxable base (Model 16).° Perhaps this is because of govern-
ment mitigation strategies and a focus on healthcare provision when incomes
fall. Or, it could be because coffee growers are among the better paid
agricultural workers — an experienced coffee picker can earn $30 per day
(Rueda 2020), while the average wage for formal rural workers is closer to
$8 per day (Bohorquez-Penuela and Otero-Cortes 2020). Thus, an increase in
the income of coffee growers and pickers would lead to this group becoming
relatively richer than those working with other produce.

Moving to the second stage of the mechanism - from intervening variable
to outcome - Table 5 presents the coefficients of government spending,
education transfers, health transfers, and inequality, when included individu-
ally in fixed-effects regressions of the key dependent variables relating to

Table 4. Agricultural income and placebo test variables. See Table S2 of the supple-
mentary material for table with full models, including controls.

9) (10) (1) (12) (13)

Tax Government Education Health Inequality (infant
base spending transfers transfers mortality)
Coffee income 0.09 0.48%* 0.78*** 0.74%** 69.23%*
(0.12) (0.20) (0.23) (0.26) (33.60)
Observations 15,104 15,104 10,118 10,118 15,085
Number of units 944 944 944 944 944

Temporal coverage 1988-2003  1988-2003  2000-2010 2000-2010 1998-2013
First-Stage Diagnostics

KP F-Statistic 18.76 18.76 15.65 15.65 9.63
KP LM-Statistic (P) 0.05 0.05 0.04 0.04 0.00
Hansen J-Statistic (P) 0.44 0.16 0.15 0.12 0.76

Robust standard errors in parentheses. ***p < 0.01, **p < 0.05, *p < 0.1. Control variables, including
population, coca cultivation, year and region fixed effects are omitted from table.
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Table 5. Placebo test variables and conflict.

FARC Conflict FARC Conflict FARC Conflict FARC Conflict
incidence (UCDP) events (UCDP) incidence (CEDE) events (CEDE)
Local government —-0.00 -0.01* 0.01%* —-0.04*
spending (0.00) (0.00) (0.00) (0.02)
Education —-0.00 0.01 —-0.00 0.01
transfers
(0.00) (0.01) (0.00) (0.02)
Health transfers 0.00 0.01 -0.01* -0.02
(0.00) (0.01) (0.00) (0.02)
Inequality (infant —-0.00 —-0.00 —-0.00 —-0.00
mortality) (0.00) (0.00) (0.00) (0.00)

Control variables omitted from table. Robust standard errors in parentheses. ***p < 0.01, **p < 0.05, *p < 0.1.

FARC in Table 1. These regressions include the same controls as models
involving wages and hours worked in Table 3.

As can be seen, none of the grievance variables is robustly correlated with
conflict in this sample. Local government spending transfers come the closest
to exhibiting the expected relationship - the correlation with FARC conflict
events is in the right direction (negative) for both UCDP and CEDE data.
However, the coefficient is positive and significant at the 5 per cent level
for FARC conflict incidence in the CEDE data. Thus, results show almost no
support for this step in the grievance mechanisms. It appears that grievances
that arise from reduced government spending and increasing inequality,
which are themselves the result of a fall in agricultural income, are not the
mechanisms driving the relationship between agricultural incomes and con-
flict incidence. This could be explained by the informal nature of much of
agricultural work around the globe - variation in incomes may be unlikely to
impact government budgets.

In order to corroborate statistical findings, we can look at qualitative
evidence in surveys and interviews of ex-combatants. Indeed, several
researchers have noted reasons for joining guerrilla groups in Colombia
that include material benefits (Florez-Morris 2007, p. 631, Ribetti 2007,
p. 709, Arjona and Kalyvas 2011, p. 154). Ribetti (2007) notes in her analysis
of rebel motivation in Colombia:

Though the primary motivations are different, all informants mentioned that
joining the guerrillas seemed to be the best option available to them, given
their personal circumstances, their wants, and the lack (true or perceived) of
viable legal alternatives. Indeed, they thought and were lured into believing
that joining would provide for all they needed in exchange for seemingly easy
tasks. Other, legal, choices that might have been available were perceived to
involve harder work, and to be less profitable and predictable, or plainly boring
(Ribetti 2007, p. 709).

Furthermore, Ribetti (2007, p. 709) notes that ‘a sense of duty, and fighting
for something bigger than oneself are rarely present in recruits as they join or
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continue to participate in the [insurgent] organization’, further suggesting
that it is opportunity cost and not any grievance factor that is driving the
relationship between agricultural income and conflict. Arjona and Kalyvas
(2011, p. 155) find that those seeking to escape from poverty (an opportunity
cost motivation) are almost twice as likely to have joined FARC than the ELN.

Still, there is some evidence that grievances against the state have played
a role in the Colombian conflict. In a survey of ex-combatants in 2003, Florez-
Morris (2007, p. 620) noted the most oft-cited reason for joining a guerrilla
group was the ‘concern regarding socioeconomic injustice and inequality,
and the desire to improve these situations’. However, this survey of recruit-
ment into the M-19 included a sample of only 42 individuals, most of which
were middle-class, urban dwellers. It is possible that Florez-Morris is thus
capturing an urban-intellectual sample with quite different motivations
(Tezclir 2016), rather than the rural sample in which we are interested.
Indeed, similar reports were not found in other surveys (Ribetti 2007, Arjona
and Kalyvas 2011), supporting opportunity cost as the primary motivator of
rural recruits experiencing an income shock.

Such a finding helps to explain the results presented in Table 1. It would
seem that FARC is the only group to benefit from the new supply of labour
caused by a downward shift in farming income because it is the most power-
ful insurgent group and thus the most likely to provide desired resources, the
least likely to cost recruits their life, and the most likely to secure future
benefits. Thus, the relationship between farming and fighting is likely to hold
generally across countries and regions, but within a region it will hold only for
the strongest group.

The relationship between returns from agricultural employment and the
incentive to join an insurgency may, at first sight, appear similar to the
argument of Scott (1976): one could argue that subsistence crises are causing
increases in rebel recruitment. However, there is no evidence to support this
mechanism in surveys of ex-combatants, i.e., to the knowledge of this author,
no-one has reported the threat of starvation as their motivation to join the
insurgency (Ribetti 2007, Florez-Morris 2007, Arjona and Kalyvas 2011). It is,
therefore, believed that evidence presented here supports the theory of
opportunity cost, not acute subsistence crises.

Checks of Robustness and Limitations’

Checks of robustness include the addition of a measure of paramilitary
activity, logged indicators of count-form dependent variables, an extension
of the time period studied, lagged intermediary variables in stage-two regres-
sions, restriction of the analysis to municipality years in which both rebel
groups were active, and spatial lag models. Results presented in the appendix
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showed little substantive change that would alter the interpretation of results
presented above.

Two further potential concerns remain. These relate to the accurate mea-
surement of the influence of coca cultivation and the campaign tactics of the
two groups. This study uses a dummy variable to control for the influence of
coca on the relationship between coffee income and conflict in all models.
Recent work has suggested coca income can be exogenously estimated using
the US street price and local soil conditions in Colombia (Nussio and Ugarriza
2021). To confirm that the specification of the coca control variable is not
causing spurious results, an exogenous measure was used. Results presented
in Table A12 of the appendix show almost no change from results presented
in Table 1.

With regard to campaign tactics, it is possible that the ELN, as a smaller
group, relies more heavily on guerrilla tactics and so uses attacks on infra-
structure and acts of terrorism more often than direct confrontation with the
Colombian national army. In order to ensure that any relationship between
agricultural income and conflict is not being missed because of the choice of
conflict indicator, Table A13 of the appendix reports results of models with
two new dependent variables - attacks on private property and terrorist
attacks. These models continue to support H1, finding no evidence that
ELN conflict activities are associated with coffee income.

A clear limitation of this study is that it could not assess conflict onset.
Unfortunately, it was not possible to examine whether the relationship
between farming and fighting holds for onset as data do not extend back
to before the start of the conflict. Future research should consider an exam-
ination of onset, perhaps through multiple onsets within a single country
(with repeated or multiple rebel groups).

This study focuses on two groups that do not use ethnicity as a means of
recruitment. Previous studies do not suggest that the relationship between
agricultural income and conflict works through ties of ethnicity (Dube and
Vargas 2013, Fjelde 2015). However, future works could repeat this examina-
tion in a setting in which groups recruit using both selective incentives and
ties of ethnicity to confirm that co-ethnics adversely affected by agricultural
income shocks would not choose the representative group over a stronger
group recruiting via selective incentives.

One mechanism, not considered here, that could transmit the effect of
a change in agricultural income on conflict outcomes is horizontal inequality.
Buhaug et al. (2020) suggest that income losses trigger violent mobilisation in
ethnic conflict where the shock can be linked to pre-existing grievances.
Nevertheless, this contention is not examined in the current study as the
Colombian conflict is not characterised by ethnic animosity, and so, horizon-
tal inequalities can be discounted as mediating any relationship between
agricultural incomes and conflict within the municipalities of this country.
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This limitation could be overcome by examining more case studies in future
research.

A gender lens could be applied to ask whether a differential impact of
shifting agricultural incomes might have bolstered recruitment into one
guerrilla group over the other. According to Alpert (2016), ‘women made
up about 40 per cent of the FARC and about 25 per cent of the ELN'. When we
compare this with information from the Colombian Coffee Growers
Federation (2023), which states that approximately 31 per cent of coffee
growers in Colombia are women, we can see that the estimates of females
occupied in each profession are relatively similar. There is also no immediate
reason to suspect that women were more intensely affected by changing
coffee prices than men, which would result in them swelling the ranks of
FARC rather than the ELN. However, future works should delve more deeply
into this aspect to fully uncover any gendered response to shifting agricul-
tural incomes that may more intensely impact one rebel group over another.

Finally, it is possible that FARC's electoral ambitions, which were not
shared by the ELN, could have signalled greater credibility and thus attracted
more recruits. Still, it could also have signalled the possibility that rank-and-
file soldiers might be sold out if the leadership were given an opportunity to
safely and effectively pursue election. Arjona and Kalyvas (2011) asked 821 ex-
combatants from both FARC and the ELN to self-report their motivations for
joining. According to their coding, the electoral ambitions of FARC did not
play a role. Furthermore, the related motivation of ideology was reported
much more often among recruits of the ELN than FARC. Nevertheless, further
research is required to fully explore the influence of electoral ambitions on
credibility and attractiveness to rebel recruits.

Conclusion

This paper set out to answer the questions — which rebel groups are most
likely to be affected by a fall in agricultural income, and why? It proposed
that the relationship only holds for the strongest rebel group in a conflict
zone as would-be recruits, engaged in cost-benefit analysis, choose the
group that promises the greatest benefits at the lowest cost. Using gran-
ular data from the case of Colombia over the period 1989-2005, this study
found support for the proposition and for opportunity cost as the driver of
this relationship. These findings suggests that the opportunity cost of
rebellion is agricultural employment (Hirshleifer 1988, Collier and Hoeffler
1998). However, there is still much that data analyses at the group level
cannot tell us. Future research should engage with the individual level to
further understand the link between agricultural incomes and conflict. In
addition, further work is required to see if these results differ in other
settings, perhaps in the presence of groups that recruit through social ties
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of ethnicity, as well as consider the mechanism of horizontal inequalities
where possible.

Finally, it should be noted that the findings presented here do not pre-
clude other individual motivations to engage in conflict (Wood 2003, Sanin
2004, Ribetti 2007, Florez-Morris 2007, Ginges and Atran 2009, Arjona and
Kalyvas 2011, Sanin and Wood 2014, Gomez et al. 2017). Nor do they imply
that raising opportunity costs alone is the only way to avoid conflict. Indeed,
survey work has noted an array of motivations for individual involvement
(Sanin 2004, Ribetti 2007, Florez-Morris 2007, de Posada 2009, Arjona and
Kalyvas 2011). Nevertheless, improving the lives of those working in the
agricultural sector should be seen as one of a set of key policy instruments
with which to reduce the risk of conflict around the globe. More can and
should be done to increase mobility and education in rural areas specifically,
which will allow members of the agricultural workforce to exit this industry
when times get tough, rather than turn to non-productive occupations.
Indeed, given the findings presented here, it appears that offsetting agricul-
tural incomes with public goods or changes in inequality with transfers is not
likely to maintain peaceful societies.

Notes

1. Data on plausibly exogenous cross-section variations in local weather and soil
conditions available at the sub-national level is interacted with exogenous
variation at the international level (world coffee prices) to instrument for local
coffee production income.

2. Collier and Hoeffler build their model on the contest model literature See
Hirshleifer (1988, 1991), Grossman (1991, 1995), Skaperdas (1992), and Azam
(1995).

3. The central state even controls the number of police officers and judges in each
municipality (Acemoglu et al. 2015, p. 2367).

4. Mediation effects models including instrumental variable regression do not
exist to the knowledge of this author.

5. These models contain departmental rather than municipal fixed effects as the
average number of time points per municipal unit is only 3.

6. Nor does it appear to be driven by infant mortality alone - see results in the
appendix.

7. For results of the models discussed in this section see Tables A1-A14 of the
appendix.
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