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Abstract

This research investigates the link between agricultural intensification and civil conflict.
Agricultural intensification is a widely promoted solution for food insecurity. However,
this research theorizes that agricultural intensification creates disadvantages for the
smallholder sector and thus might trigger civil conflict. An OLS, negative binomial, and
logistic regression analysis correlate fertilizer-use in 37 African countries to the incidence
and count of civil conflicts between 2004 and 2016. The empirical results are mixed and
only partly significant. Yet, they indicate agricultural intensification to have a conflict-
reducing effect. Surprisingly, the outcome of intensification, that is higher agricultural
productivity, is significantly associated with an increased risk of conflict. Also, as a
mediator agricultural productivity creates a significant and positive indirect link between
intensification and civil conflict. Hence, the conflict-enhancing capacity of agricultural
intensification might be contingent on whether intensification leads to an increase in
agricultural productivity. This opens pathways for future research, where the impact of
agricultural productivity on conflict as well as the relation between intensification and
productivity should be scrutinized.

Keywords: agricultural intensification, horizontal inequality, grievances, civil conflict,

green revolution
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The Impact of Agricultural Intensification on Civil Conflict in Africa

This research addresses the question: What is the impact of agricultural intensification on
civil conflict in Africa? The importance of such an investigation derives from the interplay of
food insecurity, population growth, and climate change. Food insecurity impairs human
wellbeing and multiplies conflict risks (Hendrix & Brinkman, 2013; Weinberg & Bakker,
2015). At the same time, the world’s population is predicted to reach 9 billion in 2050, which
is 2 billion people more than today who will need sufficient amounts of food (Food and
Agriculture Organization of the United Nations [FAO], 2009). On top of this, climate change
is predicted to impact agricultural production and thus complicate adequate food supply even
further (Mbow et al., 2019).

International organizations, donor agencies, and scholars are, therefore, calling for an
intensification of agriculture to increase productivity (Collier & Dercon, 2014; Gates
Foundation, n.d.; World Bank [WB], 2009). However, productivity-enhancing practices, for
instance the use of fertilizer and high-yielding seeds, have been shown to have negative side-
effects. Examples are environmental degradation, increased land inequality, and private sector
influence on governments (Freebairn, 1995; Huggins, 2009; Nally, 2016; Pingali, 1995). These
side-effects might lead to grievances, which can trigger civil conflict. This implies that the
attempt to reduce one determinant of conflict, namely food insecurity, might create another
one, namely intensive agriculture.

Extensive research has been conducted on the ‘Green Revolution’ in Asia and Latin
America and the rise of corporate farms in America in the 1960s/70s. The ‘Green Revolution’
is characterized by high inputs, such as fertilizer, pesticides, and modern seed varieties, which
significantly increase productivity (Evenson & Gollin, 2003; Pingali, 2012). Both negative and
positive effects have been assessed (Evenson & Gollin, 2003; Pingali, 1995) as well as the link

between agricultural transformation and rural conflict (Popkin, 1980). Research in the US has



focused on the effect of corporate farming on rural communities, showing that it significantly
decreases socio-economic well-being and erodes community structures (Goldschmidt, 1978;
Labao & Stofferahn, 2007).

The impact of agriculture in the 21% century has only been investigated through case
studies, which are insufficient for establishing a general link between agricultural
intensification and conflict (Huggins, 2009; Koopman, 2012; Peters & Richards, 2011).
Therefore, there is a need for quantitative research.

This especially applies to Africa, as it is the continent with the greatest prevalence and
increase of undernourishment (FAO, 2019; Toenniessen et al., 2008). It is also the continent
where 5 of the 9 countries with the greatest population growth are situated (UN News, 2017,
June 21). Additionally, climate change is predicted to reduce African agricultural output by
15% to 30% until 2080-2100 (FAO, 2009). Meanwhile, agricultural productivity in Africa is
low, so that an ‘African Green Revolution’ is called for (Annan, 2003; Sanchez et al., 2009).
However, if this has the potential to fuel conflict, a re-evaluation of this approach is required.

Importantly, agricultural intensification fosters inequalities between the smallholder and
large-scale, corporate agricultural sector (Collier & Dercon, 2014). A growing body of
literature suggests that ‘horizontal inequality’ between social groups creates multidimensional
group grievances, which can trigger conflict (Dstby, 2013; Stewart, 2008). Based on this, I
argue that agricultural intensification increases the risk of civil conflict. This hypothesis is
tested through an OLS, negative binomial, and logistic regression analysis, which correlate the
fertilizer use of 37 African countries from 2004 to 2016 to civil conflict incidence and count.

The results show that agricultural intensification has no significant impact on the incidence
of civil conflict. Results for its impact on conflict intensity are mixed but indicate agricultural
intensification to be associated with a decrease of conflict intensity. Yet, the outcome of

intensification, that is increased agricultural productivity, is significantly associated with an



increase in civil conflict incidence and intensity. Also, as a mediator agricultural productivity
creates a significant and positive indirect link between intensification and civil conflict.

The next section reviews existing literature on the causes of intra-state civil conflicts and
the impacts of agricultural intensification. Thereafter, the theoretical framework is presented
building upon literature on ‘horizontal inequality’ and civil conflict. This is followed by an
explanation of the methods used and the empirical results. The paper closes with concluding

remarks and recommendations for future research.

Literature Review

Research on the causes of intra-state civil conflict has identified several potential and often
symbiotic predictors of conflict. These range from economic (Buhaug et al., 2011; Collier &
Hoeffler, 2004; Nafziger & Auvinen, 2002), to political (Cornell & Grimes, 2015; Dalton et
al., 2010), and social ones (Cederman et al., 2011; @stby et al., 2009; Stewart, 2008). Since the
late 1970s, scholars pay increasing attention to environmental causes of conflict (e.g., Durham,
1979; Homer-Dixon, 1991; Ross, 2004). The advent of climate change has contributed to this
interest. However, the impact of environmental variables remains controversial for two main
reasons. First, environmental factors are broad and can be measured in a variety of ways. This
impairs comparability of studies and complicates generalizations (Salehyan, 2014). Second,
climate-related variables often only indirectly affect conflict by running through other
determinants of conflict (Mach et al., 2019).

One widely accepted factor within the research-field of environmental causes of conflict is
food insecurity, specifically rising food prices. Rising food prices have been shown to be
associated with protests and riots (Hendrix & Brinkman, 2013; Hendrix & Haggard, 2015;
Weinberg & Bakker, 2015) and to increase the likelihood of violence against civilians by rebel

groups (RezaeeDaryakenari et al., 2020). These findings, alongside concerns about human
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suffering, have led to calls by scientists (Collier & Dercon, 2014; Sanchez et al., 2009) and
policymakers for agricultural intensification in order to “boost agricultural productivity”
(Annan, 2003, p. 1485).

Arguments for agricultural intensification as the solution to food insecurity are largely
based on the success of the ‘Green Revolution’ in Asia and Latin America in the 1960s. Several
authors stress the potential of high-yielding seeds in conjunction with increased inputs
(fertilizer, pesticides, irrigation) and supporting institutions to increase productivity and thus
reduce food insecurity (Evenson & Gollin, 2003; Pingali, 2012; Toenniessen et al., 2008).

Therefore, many scholars regard a similar ‘Green Revolution’ to be necessary for Africa,
where agricultural productivity is low and undernourishment high (Breisinger et al., 2009;
Hunt, 2011; Pingali, 2012; Toenniessen et al., 2008). Additionally, Breisinger et al. (2009),
Hunt (2011), and Reardon et al. (1999) highlight that intensification must counteract the
unsustainable expansion of arable land, which has led to deforestation. Others focus on
persisting high levels of poverty and argue that growth in the agricultural sector leads to greater
poverty reduction than growth in other economic sectors (Pingali, 2012; Toenniessen et al.,
2008). This is also relevant for the reduction of conflict, as poverty is one of the most widely
recognized predictors of civil conflict (Hegre & Sambanis, 2006; Sambanis, 2005; Ward et al.,
2010).

Some scholars assume that because of lower labor costs, smallholders can achieve greater
yields than large farmers. This is known as the ‘inverse productivity relationship,” first noticed
by Chayanov in 1926 (Hunt, 2011; Nally, 2016; Reardon et al., 1999; Ruttan, 2002). For this
reason, modernizing the practices of smallholders has become the focus of agricultural
development in Africa (Collier & Dercon, 2014). However, Collier and Dercon (2014) argue
for concentrating on larger commercial farms, which face economies of scale with regard to

“skills and technology, finance and access to capital and the organization and logistics of



11

trading marketing and storage” (p. 94). They, therefore, expect larger farms to be better able to
drive agricultural development in Africa and thus to reduce poverty.

Overall, these scholars regard an ‘African Green Revolution’ as the right path ahead.
Evenson and Gollin (2003) contend that this is also feasible, as research into the diverse
climatic conditions has been conducted, so that suitable high-yielding staple crops are now
available.

However, there is also extensive research on negative externalities of agricultural
intensification. Research on corporate farms in the US shows that these negatively affect
socioeconomic, social, and environmental indicators (Goldschmidt, 1978; Labao & Stofferahn,
2007; Lee, 2008). Research on the ‘Green Revolution’ in Asia and Latin America also reports
a range of negative impacts. Economically, Fischer (2015) and Freebairn (1995) find that it
increased inequalities and created debts for smallholders. Widely detected environmental
consequences are soil salinity and erosion, waterlogging, soil toxicity and nutrient deficiencies,
reduced air and water quality, eutrophication as well as increased death rates among vertebrates
and algae (Pimentel & Pimentel, 1990; Pingali, 1995; Pingali & Rosegrant, 1994). Social side-
effects have been observed as well. Pimentel and Pimentel (1990) and Pingali (1995) identify
significant health impacts of pesticides. Satyavathi et al. (2010) find increased workloads for
women.

One strand of research studies the potential of agricultural intensification to fuel rural
conflict (Lichbach, 1987; Popkin, 1980). In his seminal work, ‘The Rational Peasant,” Popkin
(1980) argues that peasants do not oppose new technologies and prefer traditional practices per
se but revolt when modern techniques create disadvantages. Even though Popkin’s work is
rooted in the context of decolonization, so that its applicability to today’s agriculture can be
questioned, this insight continues to be relevant. Dzuverovi¢ and MiloSevi¢ (2013) reason that

violence can erupt when individuals feel left out of or do not profit from new developments.
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These arguments are consistent with the reasoning that inequalities can generate conflict
(Cramer, 2003; Gurr, 1968; Nafziger & Auvinen, 2002). According to Dzuverovi¢ and
MiloSevi¢ (2013), land inequality is one of the most salient forms of inequality in less
developed countries. Both qualitative and quantitative research reveal land inequality to be
associated with civil conflict. Thomson (2016) finds that high landholding inequality
significantly increases the risk of conflict. Koopman (2012) documents “large and peaceful
protest march[es] as a response to large-scale land acquisitions by international corporations in
the Senegal River Valley” (p. 659). Meanwhile, Peters and Richards (2011) report the
destruction of property of a company in Sierra Leone, which failed to compensate farmers for
their loss of land. While there is a wider range of negative externalities resulting from
agricultural intensification, research on their impact on conflict is lacking.

Nevertheless, suggestions for modifying the ‘Green Revolution’ have been made and
applied to Africa, focusing on institutional changes and local research (Fischer, 2015; Hunt,
2011; Pingali, 2012; Toenniessen et al., 2008). These modifications aim at mitigating the
negative consequences of intensification, while still obtaining productivity enhancements.

However, Gegenbach et al. (2018) and Nally (2016) show that many detrimental side-
effects of intensive agriculture persist. The case studies from Africa indicate that these can fuel
conflict (Huggins, 2009; Koopman, 2012; Peters & Richards, 2011). This research aims to
address the tentative link between modern agricultural intensification and conflict. The hope is
to clarify whether a link exists and thus help to discern a socially acceptable approach to

agricultural development.

Theoretical Framework
Among the explanations for civil conflict one of the most prominent, and at the same time

most intensely debated, theories is Gurr’s (1968) ‘relative deprivation.” According to Gurr
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(1968), (income) inequality triggers feelings of ‘relative deprivation,” where individuals
perceive to obtain less than they are entitled to. This can result in grievances, that can trigger
aggression, which in turn may motivate individuals to become active and engage in conflict.
Empirical support for this theory is, however, mixed. Some studies find inequality and
grievances to be significant for conflict onset (Bartusevicius, 2014; Besangon, 2005;
Dzuverovi¢, 2013; Nafziger & Auvinen, 2002). Others find no empirical support and theorize
opportunity structures to be more important (Collier & Hoeffler, 2004; Fearon & Laitin, 2003;
Tilly, 1978).

More recently, a body of literature has emerged that explains these disparate findings with
a central methodological ‘flaw’ (Buhaug et al., 2011; Cederman et al., 2011; Ostby, 2013;
Stewart, 2008). Instead of looking at inequality between individuals (‘vertical inequality’),
these scholars argue that ‘horizontal inequality’ between social groups triggers group
grievances, which in turn can lead to civil conflict. As Ostby (2013) fittingly puts it, “conflict
[...] is a group phenomenon” (p. 213). When individuals are part of a group, and grievances
shared among group members, organization for conflict should be easier than where grievances
are felt individually (QDstby, 2013). Using Stewart’s (2008) words, this paper assumes that
“group identities are [...] powerful as sources of action” (p. 417).

Thus far, ‘horizontal inequalities’ between groups and resulting group grievances have
mostly been understood to exist between ethnic, religious, and regional groups (Bartusevicius,
2014; Nafziger & Auvinen, 2002; Sambanis, 2005). However, other social groups might
develop group grievances as well (Koubi & Bohmelt, 2014; Ostby et al., 2009; Siroky &
Hechter, 2016). Thomson (2016), for instance, explicitly recognizes that “rural inequality has
a horizontal aspect” (p. 512). The question is, therefore, how a social group can develop a

group identity strong enough for the generation of group grievances?
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Siroky and Hechter (2016) stress that each individual belongs to several social groups and
that the salience of each group identity depends on two factors: Solidarity among group
members (‘segmentation’) and between-group inequality (‘hierarchy’) (p. 92). For an
individual to identify with one particular group, both solidarity among group members and
between-group inequality must be high. Siroky and Hechter (2016) expect groups that are
“comprised of individuals sharing income levels, occupational niches, residential
neighborhood, and socioeconomic status,” to face greater levels of equality and thus solidarity
(p. 94).

Agricultural intensification in Africa especially targets smallholders, that is family farmers
cultivating small patches of land (Collier & Dercon, 2014; Deininger & Byerlee, 2012; Staatz
& Dembélé, 2008). Hence, for agricultural intensification to trigger conflict, smallholders must
identify as a social group and develop group grievances based on this group identity. African
smallholders share several commonalities, such as their occupational niche, small farms (<I-
10 hectares), the dominance of family labor, the use of traditional practices, and oftentimes
self-sufficiency (FAO, 2013; Gollin, 2014). These commonalities can be assumed to create a
sense of shared identity and solidarity, as similarity has been shown to be central for group
identification and formation (McPherson et al., 2001; Peski, 2008). This is known as the
principle of homophily, which centers on the insight that “[s]imilarity breeds connection”
(McPherson et al., 2001, p. 415).

Since African smallholders, however, have heterogenous income levels (Gollin, 2014;
Staatz & Dembél¢, 2008) the arising group identity is not class-based (where income levels are
more or less equal) but sectoral (Brawley, 1997; Garst, 1999; Mamalakis, 1969). That the
occupational sector can be an important similarity and source for identity as well as group
formation is widely accepted (Christiansen, 1999; Gini, 1998; Unruh, 2004). Lazarsfeld and

Merton (1954) distinguish between status- and value-based homophily. Status-based
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homophily includes such dimensions as race, ethnicity, religion, and occupation. While the
former three have been the focus of the study of social groups and ‘horizontal inequalities’
(Stewart, 2008), this study looks at the occupational sector as the basis for group formation,
inequalities, and grievances.

Mamalakis (1969) already recognized the ability of economic sectors to organize for
conflict, especially when inequality between two sectors increases. While Mamalakis (1969)
regards the agricultural sector as one unit, this research perceives the smallholder agricultural
sector to be distinct from the commercial, large-scale agricultural sector. The latter is defined
by Deininger and Byerlee (2012) to entail large farms, which are often vertically and
horizontally integrated and owned by corporations. Many of these enterprises, therefore,
qualify as agri-businesses, which control all processes from agricultural production to retail.

As Ostby (2013) elaborates, horizontal inequalities are not always obvious. They might
only “become evident, [...] when traditional peoples on the periphery of modernizing societies
are drawn into closer contact with the more powerful and technologically proficient groups”
(p. 215). Arguably, this is the case in Africa, where agricultural intensification brings
smallholders into contact with large agri-businesses and modern techniques (Huggins, 2009;
Hunt, 2011). Smallholders might, therefore, increasingly become aware of their group identity
as they are confronted with the ‘other,’ that is agribusinesses and large industrial farmers, more
often.

Moreover, economies of scale advantage the large-scale, corporate agricultural sector with
regard to the adoption of intensive agricultural practices (Collier & Dercon, 2014). This
contributes to between-group inequalities (‘hierarchy’) between the smallholder and large-
scale, corporate sector. Such inequalities might lead to the development of group grievances

among African smallholders, which can trigger conflict.



16

However, solidarity within the smallholder sector is expected to be weaker than within
other identity groups such as ethnic groups. This assumption is based on research by
McPherson et al. (2001) and Smith (1991), who show that ethnic, racial, and religious identities
are more salient than socio-economic ones. Stewart (2008), more generally, argues that
identities which cannot be altered can be presumed to be more pertinent.

Therefore, given lower solidarity levels, the smallholder sector might only be able to
organize for low-intensity civil conflict. This can imply violence but does not involve
organized military groups (Hendrix & Salehyan, 2012). According to Hendrix and Salehyan
(2012), low-intensity civil conflict requires less organization, planning, and funding than armed
rebellion. Hence, groups with lower levels of solidarity but shared grievances can be expected
to be able to mobilize for demonstrations, strikes or riots. For these types of action, a common
cause and shared grievances are required. However, participants do not need to make large
financial commitments or engage in extensive planning. Solidarity levels, as found within for
instance ethnic groups, might be necessary for high-intensity conflict such as ethnic civil wars.
There, both risks and costs are considerably higher (Hendrix & Salehyan, 2012).

In the case of smallholders, inequalities created by agricultural intensification serve as a
common cause. Yet, solidarity levels are unlikely to be great enough to elicit large financial
contributions or the willingness to spend much time on planning an armed rebellion. Therefore,
while smallholders might under some circumstances be able to engage in high-intensity
conflict, this research expects low-intensity civil conflict to be more common. This
argumentation is in line with research by Regan and Norton (2005), who reason that grievances
are sufficient for initiating low-intensity conflict. They propose that high-intensity conflict, on
the other hand, might require ‘selective incentives’ such as financial compensation.

This answers to research on the collective action problem by Olson (1965). He suggests

that outcomes of collective action are public goods, from which everyone profits, irrespective



17

of whether he/she contributed to their provision or not. Therefore, Olson (1965) maintains that
‘selective incentives,’ in form of additional rewards for participants, are required. This research
acknowledges the relevance of the collective action problem and assumes that it applies
universally. However, conflict still occurs. Therefore, the view of Regan and Norton (2005) is
adopted, and grievances are regarded as sufficient incentives for low-intensity civil conflicts.
It is beyond the scope of this research to investigate in more detail how the collective action
problem can be overcome in individual conflicts. Nonetheless, its presence is controlled for by
including a variable on ethnic fractionalization in the empirical part of this research. Highly
fractionalized societies will find it more difficult to organize for conflict (Alesina et al., 1999;
Collier et al., 2001; Easterly & Levine, 1997).

So far, the argument is, therefore, that agricultural intensification leads to grievances
among smallholders. These grievances can motivate the smallholder sector to engage in low-
intensity civil conflict. To gain a better understanding of the nature of such conflict, it is
important to consider which type of grievances agricultural intensification creates for the
smallholder sector. As Stewart (2008) demonstrates, it is not sensible to think of grievances in
merely economic terms. Her argument that grievances are multidimensional (economic, social,
political, and cultural) and strongest when several dimensions overlap is adopted here.

Firstly, agricultural intensification can create economic disadvantages for smallholders,
both in comparison to their previous economic situation and to larger, industrial farmers. These
economic disadvantages are generated through a multitude of pathways. Increasing land
concentration and grabs, especially by agribusinesses, lead to intraregional inequality, that
deprives some smallholders of their basis of existence (Huggins, 2009; Koopman, 2012; Peters
& Richards, 2011; Thomson, 2016). The bias of agricultural investment towards more fertile
regions additionally forges interregional inequality (Freebairn, 1995; Pingali, 2012).

Intensification is often accompanied by dependence on private companies for the provision of
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inputs. This has been shown to create depts for many smallholders (GRAIN, 2007; Hunt, 2011;
Nally, 2016). Additionally, inputs, particularly pesticides, impact the health of farmers and thus
indirectly increase health-care costs of smallholders (Pimentel & Pimentel, 1990; Pingali,
1995). Many smallholders rely on food sources beyond their farms. Environmental degradation
resulting from intensive farming can harm or eliminate these additional sources, requiring
farmers to buy food (Freebairn, 1995; Pingali, 1995). Lastly, the gendered accessibility of
many technologies disadvantages women working in agriculture (Gegenbach et al., 2018;
Satyavathi et al., 2010). These mechanisms can foster economic grievances among
smallholders.

Secondly, agricultural intensification is usually superimposed on smallholders (Gegenbach
et al., 2018; GRAIN, 2014; Huggins, 2009). These are not participants in the change but only
recipients of new technologies. Oftentimes, new technologies replace traditional practices,
which can be perceived as a loss of autonomy and identity (Huggins, 2009; Nally, 2016;
Rohrer, 1986). Particularly female farmers see their rights undermined by technologies that are
predominantly adapted to the needs of male farmers (Gegenbach et al., 2018; Pingali, 2012;
Satyavathi et al., 2010). Together, these disadvantages are likely to create social grievances
among smallholders.

Thirdly, agricultural intensification affects and engages actors beyond those employed in
the agricultural sector. Specifically, private companies and agribusinesses have been shown to
increasingly lobby government officials. This can result in unequal laws (Fischer, 2015;
GRAIN, 2019; Koopman, 2012; Nally, 2016) and mistreatment of smallholders (GRAIN,
2015; Huggins, 2009; Hunt, 2011; Nally, 2016). Governments have also been shown to resort
to coercive measures, both against property and individuals. These measures seek to ensure
compliance with new agricultural policies (Huggins, 2009; Koopman, 2012; Peters & Richards,

2011). Such developments are likely to generate political grievances among smallholders.
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Lastly, agricultural intensification contributes to environmental degradation (GRAIN,
2007; Pimentel & Pimentel, 1990; Pingali & Rosegrant, 1994; WB, 2009). At the same time,
research suggests that smallholders do not only value the productivity but also the quality of
their farmland and immediate surroundings (GRAIN, 2018; Satyavathi et al., 2010). Therefore,
environmental grievances are a further category of grievances beyond those established by
Stewart (2008).

Due to a lack of data, it is currently not possible to determine which of these micro-
mechanisms is more important for the outbreak of conflict. Therefore, this paper focuses on
establishing a macro-level link between agricultural intensification and civil conflict. In doing
s0, it is, however, important to keep in mind that this research does not assume agricultural
intensification and conflict to be connected by a single causal mechanism. Rather, agricultural
intensification is believed to unleash a variety of micro-mechanisms that lead to economic,
social, political, and environmental grievances. In agreement with research on ‘horizontal
inequalities,” these grievances are felt by African smallholders as a group. Especially, when
several grievances coincide, smallholders are expected to mobilize and engage in low-intensity
civil conflict.

The target of such conflict can either be the large-scale, corporate agricultural sector, which
promotes and profits from agricultural intensification, or the government. Micro-mechanisms
contributing to political grievances reveal the extensive involvement of government actors in
the transformation of (African) agriculture. As Salehyan and Stewart (2017) argue, “[w]hen
the state is highly central in generating particular grievances, dissidents will be more likely to
target the state” (p. 963). Together, these deliberations lead to the formulation of the following

hypothesis:

HT1) Agricultural intensification in Africa increases the risk of low-intensity civil conflict.
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Research Design
Dependent Variables: Low-Intensity Conflict Count & Low-Intensity Conflict Incidence

To test for the relationship between agricultural intensification and low-intensity civil
conflict, two dependent variables are used. One is low-intensity conflict incidence, the other is
low-intensity conflict count. The data for both comes from the Social Conflict in Africa
Database (SCAD), compiled by Salehyan et al. (2012). This dataset is specialised into the
recording of social conflict and is, therefore, widely used by researchers interested into conflict
short of armed rebellions and (civil) wars (e.g., Buhaug et al., 2015; Hendrix & Salehyan, 2012;
Smith, 2014). It differs from databases on organized armed conflict, such as the Uppsala
University Armed Conflicts Database (ACD), in that it does not have a minimum number of
deaths for an event to be recorded. Conflict events are divided into ten types, including
organized and spontaneous demonstrations, organized and spontaneous riots, general and
limited strikes, pro-government violence, anti-government violence, extra-government-
violence, and intra-government violence. Events are recorded for countries with a minimum
population of 1 million in Africa, Mexico, Central America, and the Caribbean from 1990 to
2017 (Salehyan et al., 2012).

This research focuses on organized and spontaneous demonstrations, organized and
spontaneous riots as well as general and limited strikes. The inclusion of riots implies that
agricultural intensification might lead to violent conflict. However, the exclusion of other event
types intends to preclude forms of conflict that require the involvement of militias and thus
higher levels of organization and planning.

The variable low-intensity conflict incidence is coded as a dummy variable, which takes the
value of 1 if at least one conflict occurred in a given country-year, and the value of 0 otherwise.
The variable low-intensity conflict count measures the intensity of conflict in a country-year.

This helps to distinguish between years that are coded as 1 but saw different amounts of
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conflict. Only countries from Africa are examined, since Africa has become the focus area of

agricultural development and intensification (Annan, 2003; Hunt, 2011; Sanchez et al., 2009).

Independent Variable: Agricultural Intensification
The independent variable is agricultural intensification. Agricultural intensification is
“characterised by the significant use of capital and inputs relative to land” (Eurostat, 2014,

3

para. 1). Green Revolution practices, in particular, entail the “use of mineral fertilizers,
pesticides and irrigation” as well as high-yielding seeds (FAO, n.d., Achievements of the Green
Revolution section, para. 2). However, data on these characteristics is scarce. Especially data
on the use of high-yielding seeds and irrigation is only available for a limited number of
countries and years (see, e.g., FAO, 2016; International Seed Federation, n.d.; Siebert et al.,
2013). It is, therefore, unsuitable for large N-studies.

The most widely recorded characteristic across time and space is fertilizer consumption in
kilogram per hectare of arable land from the World Bank Development Indicators (2020a).
This measurement is not optimal, as it entails only one, albeit important, aspect of
intensification. Agricultural intensification is not one single process but a combination of
several interventions, which together result in higher productivity (Pingali, 2012; Sanchez et
al., 2009; Toenniessen et al., 2008). Yet, due to the centrality of fertilizer for agricultural
intensification and the renewed attention to it in policymaking, especially in form of fertilizer
subsidies (African Development Bank Group, n.d.; Jayne & Rashid, 2013), fertilizer
consumption is believed to be an appropriate compromise indicator for the purpose of this
research.

The variable is lagged by one year to control for potential theoretical and statistical issues.

As the collective action problem illustrates, organisation for conflict is difficult. Therefore, it

might take some time for smallholders to mobilize so that conflict only occurs in the year after
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intensive agriculture has been implemented or augmented. Statistically, lagging the
independent variable controls for simultaneity and omitted variables and, therefore,
endogeneity. This is important, as a reduction in conflict has been shown to contribute to
agricultural growth (Staatz & Dembélé, 2008). This could manifest itself in the adoption of
more intensive practices such as higher fertilizer use. The lag ensures that reverse causality is
ruled out, as conflict in a given year cannot influence the intensity of agriculture in the year

before.

Controls

Several control variables are included to account for alternative explanations of civil
conflict. This intends to reduce potential confounding effects. Agricultural productivity,
measured by dividing the World Bank (2020b) crop production index by the percentage of
agricultural land (WB, 2020c), controls for whether intensification has increased production
(Gizelis & Wooden, 2010). This ensures that conflict is not attributed to intensification when
it is, in fact, caused by persisting food insecurity.

Population is a widely accepted determinant of conflict (e.g., Bohmelt et al., 2014;
Briickner, 2010; Fearon & Laitin, 2003). The reasoning is that larger populations strain scarce
resources and thus increase the risk of conflict (Andre & Platteau, 1998; Homer-Dixon, 1994).
This possibility is accounted for by using data from the World Bank (2020d).

GDP per capita, measured in current US$ by the World Bank (2020e¢), serves as a proxy
for economic development, which has been shown to decrease the risk of conflict (Fearon &
Laitin, 2003; Hegre & Sambanis, 2006; Hendrix & Salehyan, 2012). Fearon and Laitin (2003)
explain this effect by relating economic development to increased state capacities and
decreased incentives for rebels. Research on the causes of protests, that is low-intensity civil

conflict, however, suggests that higher income levels increase the occurrence of unrest, as the
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more well-off are more politically engaged (Dalton et al., 2010; Norris, 2006). Either way,
economic development, and specifically GDP per capita, appears to be relevant for civil
conflict, and is, therefore, included in this research.

Regime type is controlled for by including the polity2 variable from the Polity IV dataset
(Marshall et al., 2017). This variable measures a country’s regime type on a scale between -10
(full autocracy) and +10 (full democracy). Béhmelt et al. (2014) argue that democracies are
more accommodative to, and thus face higher levels of, low-intensity civil conflict. More
democratic regimes are less repressive towards actions such as demonstrations, which increases
the likelihood of citizens to participate in these.

Ethnolinguistic fractionalization attempts to control for the ‘collective action problem.’
Research shows that more fragmented societies have lower levels of conflict, as collective
organisation is more difficult (Alesina et al., 1999; Collier et al., 2001; Easterly & Levine,
1997). The data is taken from Fearon and Laitin (2003) and is based on the ELF index (Atlas
Narodov Mira, 1964). The index “gives the probability that two randomly drawn individuals
in a country are from different ethnolinguistic groups” (Fearon & Laitin, 2003, p. 78).

This list of controls is not exhaustive but contains several of the most commonly used
predictors for civil conflict (e.g., Fearon & Laitin, 2003). Importantly, only such variables are
included that can be assumed to be relevant for low-intensity civil conflict (compare, e.g., with
Hendrix & Salehyan, 2012) so that more parsimonious models could be estimated. Country
fixed-effects are included as a robustness check to control for whether any unobserved, time-

invariant factors have an impact on low-intensity civil conflict.

Empirical Analysis
The relation between agricultural intensification and the categorical dependent variable

low-intensity civil conflict incidence is tested by estimating a binominal logistic regression
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model. The relation between agricultural intensification and the continuous dependent variable
low-intensity conflict count is tested through an OLS regression model. Since the linear model
violates the assumption of normality, a negative binomial regression is run as well. All
regressions are rerun including the dependent variable lagged by one year as a predictor to
check for robustness.

Data for both the dependent and independent variables is at the country-level. Therefore,
this analysis is based on the country-year level and includes 37 African countries between 2004
and 2016. While some researchers argue for studying civil conflict at the sub-national level
(e.g., Buhaug & Lujala, 2005; Raleigh & Urdal, 2007), agricultural intensification is usually
pursued at the national level, for example through input subsidy programmes (Jayne & Rashid,
2013; Staatz & Dembélé, 2008). Hence, the national level seems to be the appropriate level of

analysis.

Results

Table 1 shows the main results from the OLS, negative binomial, and logistic regressions.
All three models are significant and have moderate explanatory power. The OLS model
explains 28.7% of the variance in low-intensity conflict count, while the explanatory power of
the logit model varies between 22.4% and 35.3%, depending on which pseudo R? (Cox and
Snell’s or Nagelkerke’s) is looked at.

The hypothesis of this research postulates that agricultural intensification increases the risk
of low-intensity civil conflict. When assessing the coefficients of agricultural intensification
in the different models, mixed results are obtained. The OLS regression (model I) indicates
agricultural intensification to have a positive and significant impact on the intensity of conflict
(b= 0.067; p= 0.003). A one-unit increase in agricultural intensification, that is fertilizer use

increasing by lkg per hectare of arable land, is associated with a 0.067-unit increase in the
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Table 1

Main Regression Results

@ an (111)
OLS Negative Logit
Binomial
Variables
(Constant) -103.425%** -11.108%** -15.459%**
(30.018) (1.236) (3.484)
Agricultural Intensification 0.067%* -0.002* -0.001
(lag)* (0.023) (0.001) (0.003)
Agricultural Productivity 1.339%* 0.092%** 0.249*
(0.507) (0.021) (0.098)
Regime Type -0.027 0.021 0.031
(0.342) (0.016) (0.033)
GDP/capita (log) 4.192 0.459%* -0.140
(3.847) (0.157) (0.484)
Population (log) 13.266%*** 1.590%** 2.290%**
(3.474) (0.147) (0.399)
Ethnic Fractionalization -4.137 -0.419 0.733
(6.941) (0.281) (0.686)
Number of Observations 342 342 342
R? 0.287
2LL 257.124
Cox & Snell R? 0.224
Nagelkerke R? 0.353
AIC 2,009.706

Note: Standard Errors in Parentheses. ***p < 0.001, **p<0.01, *p< 0.05

2Lagged by one year.

intensity of civil conflict (holding all other predictors constant). This result is in line with the
hypothesis of this research.
However, checks of the model assumptions reveal that the OLS model violates the

assumption of normality (see Online Appendices A to C for further checks of assumptions for
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all models). This is problematic, as it can affect parameter estimates and their significance
values. Therefore, one needs to be cautious about drawing strong conclusions from this model.

An alternative way to model count data is to run a Poisson or negative binomial regression.
Negative binomial models are preferable when the count data is over-dispersed, as is the case
for low-intensity conflict count (see Online Appendix A). The negative binomial regression is
run including a dispersion parameter of 1.173 to correct for this. In the negative binomial
regression (model 1), agricultural intensification is significant again. However, in the opposite
direction than expected by this research (b=-0.002; p=0.039). Here, agricultural intensification
is associated with a reduction in the intensity of civil conflict.

In the logistic regression (model III), agricultural intensification is not a significant
predictor of low-intensity civil conflict incidence (b= -0.001, p= 0.685). However, similar to
the negative binomial model, the result indicates that agricultural intensification is associated
with a reduction in the risk of low-intensity civil conflict.

These results do not offer support for the hypothesis of this research. Yet, it is noticeable
that agricultural productivity is a positive and significant predictor across all models. This is
surprising, as increases in agricultural productivity are the intended outcome of agricultural
intensification. These two predictors were thus expected to affect low-intensity civil conflict
in a similar direction.

To investigate further into this finding, a mediation analysis was conducted (see Appendix
D). Using Hayes’ (2018) PROCESS version 3.5, agricultural productivity was added as a
mediator between agricultural intensification and low-intensity civil conflict count and
incidence. This aimed at clarifying the relation between agricultural intensification and
productivity, as well as the role of productivity in the relationship between intensification and

low-intensity civil conflict.
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As Figure 1 and 2 illustrate, agricultural intensification is indeed associated with a
significant increase in agricultural productivity (b= 0.032, p< 0.001). And, agricultural
productivity is significantly correlated with an increase in low-intensity civil conflict count (b=
1.339, p= 0.009) and incidence (b= 0.249, p= 0.011). Adding agricultural productivity as a
mediator into the OLS model (model I) does not cause substantial changes, as the indirect link
between agricultural intensification and low-intensity civil conflict count is positive and
significant (b= 0.043, 95% BCI [0.008, 0.081]). This is close to the results of the direct link
(b=0.067, p= 0.004). More interesting is the relation between agricultural intensification and
low-intensity civil conflict incidence. Whereas the direct effect of intensification on low-
intensity conflict incidence is negative and insignificant (model III: b= -0.001, p= 0.685), the
indirect effect is positive and significant, as the bootstrapped confidence interval does not cross
zero (b= 0.008, 95% BCI [0.003, 0.020]).

There are several potential explanations for this finding. One is that unless agricultural
intensification increases productivity, it is not associated with an increase in low-intensity civil
conflict. This would mean that only micro-mechanisms which are connected to increased
productivity create group grievances, which can affect low-intensity civil conflict.

Another explanation derives from agricultural intensification being proxied by fertilizer use
in this research. However, intensification consists of several interacting processes, including,
also, higher levels of irrigation and the adoption of high-yielding seeds (Pingali, 2012; Sanchez
et al., 2009). Accordingly, it is possible that agricultural intensification is not captured in its
entirety. Fertilizer use might not adequately proxy the process of intensification and, thus, have
no significant direct effect on low-intensity civil conflict incidence. Being the outcome of
intensification, agricultural productivity bundles the diverse processes of intensification not
individually accounted for in this research. This might explain why adding it as a mediator

creates a significant and positive indirect effect of agricultural intensification on low-intensity
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Figure 1

OLS Regression with Mediation Effect

Agricultural Productivity
b=10.032, p< 0.001 b=1.339, p=0.009

Agricultural Intensification > Low-Intensity Civil Conflict Intensity

Direct effect: b= 0.067, p= 0.004
Indirect effect: b= 0.043, 95% BCI [0.008, 0.081]

Figure 2

Logistic Regression with Mediation Effect

Agricultural Productivity
b=10.032, p< 0.001 b=10.249, p=0.011

Agricultural Intensification Low-Intensity Civil Conflict Incidence

—

Direct effect: b=-0.001, p= 0.685
Indirect effect: b= 0.008, 95% BCI [0.003, 0.020]

civil conflict incidence.

At this point, such inferences have to be regarded as assumptions. It is equally possible
that agricultural productivity is positively correlated with an increased risk of conflict
independent from the process through which it has been obtained. Therefore, more in-depth
research on the role of agricultural productivity in the relation between agricultural

intensification and low-intensity civil conflict is needed.
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When looking at the other control variables, population is highly significant across all
models. As expected, increases in population are associated with an increased risk of low-
intensity civil conflict.

GDP per capita is only significant in the negative binomial regression (model II) (b= 0.459;
p= 0.003). Every one-unit increase of the logged GDP per capita variable increases the
incidence rate of low-intensity civil conflict by 58.2% (see Online Appendix A). This lends
some support to findings in the literature that people with higher incomes are more likely to
protest (Dalton et al., 2010; Norris, 2006). However, this does not necessarily question findings
by Collier and Hoeffler (2004) and Fearon and Laitin (2003), where GDP per capita has a
conflict-reducing effect. Rather, it supports the insight that different kinds of conflict,
especially low-intensity versus high-intensity, are associated with different mechanisms
(Bohmelt et al., 2014; Regan & Norton, 2005). Yet, no strong conclusions about the impact of
GDP per capita can be drawn, as it is insignificant in all other models and has a negative
coefficient in the logit model (b= -0.140).

Lastly, regime type and ethnic fractionalization have inconsistent and insignificant results

across all models.

Robustness Checks

Further regressions were run to check for the robustness of these findings. Table 2
displays the results. When lagged conflict count or incidence is included as a predictor,
agricultural intensification is only significant in the negative binomial model (model V).
There, it continues to have a conflict-reducing effect (b= -0.003, p= 0.008). Meanwhile,
agricultural productivity is associated with an increased risk of conflict across all models, but
not significantly in the OLS model (model IV: b= 0.825, p= 0.067). The significance of GDP

per capita is reduced to the 0.05 level in the negative binomial model (model V) (b= 0.358).
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In the OLS and logit models it remains insignificant. Population continues to be (highly)
significant and positive across models, whereas regime type and ethnic fractionalization remain
insignificant. Overall, there are no substantial changes in any of the models when the lagged
conflict variable is included.

However, lagged conflict count and incidence are significant and positive predictors of
conflict count and incidence respectively in all three models. This is in line with research that
has shown a country’s recent history of conflict to impact its proneness to conflict (Collier &
Hoeffler, 2004; Hegre et al., 2001; Hegre & Sambanis, 2006). There are two, not necessarily
mutually exclusive, explanations for why this is the case. The shorter the time since the last
conflict, the more conflict-related resources are still available (Collier & Hoeffler, 2004). This
might, however, be more relevant for armed than for low-intensity civil conflict, where material
requirements and opportunity costs are lower. The second explanation is that grievances from
previous conflict might fuel renewed conflict (Collier & Hoeffler, 2004).

When lagged conflict count and incidence are included as predictors, the R? of the OLS
model increases to 0.448, the pseudo R? of the logit model increases to 0.261 (Cox and Snell’s)
and 0.412 (Nagelkerke’s), and the AIC of the negative binomial model decreases to 1,992.352.
This illustrates the importance of these predictors for the overall model-fit.

Additionally, all models were rerun including country-fixed effects. Note that the
number of observations consequently changes from 342 to 426. The Seychelles could not be
included due to zero variance in the dependent variable. Standard errors in the OLS regression
are adjusted by using Hayes and Cai’s (2007) HCREG macro. When country-fixed effects are
included, no predictor is significant in the OLS or logit model. In the negative binomial model,
only population remains a positive and significant predictor of low-intensity civil conflict (b=
5.178, p= 0.003). Hence, the inclusion of country-fixed effects might, indeed, account for

previously unobserved factors. Therefore, these results should caution against drawing



Table 2

Robustness Checks

av) V) (VD) (Vi) (VIID) Ix)
OLS Negative Logit Robust®” Fixed® Fixed® Fixed® Logit
Robust™ Binomial OLS! Negative
Variables Robust™” Binomial
(Constant) -57.599* -9.626%** -13.662%** -314.915 -36.970** -75.459
(26.862) (1.275) (3.707) (374.659) (11.753) (11343.483)
Agricultural 0.026 -0.003%* -0.001 -0.128 -0.004 0.022
Intensification (lag)® (0.020) (0.001) (0.003) (0.214) (0.004) (0.017)
Agricultural 0.825 0.075%** 0.192%* -2.013 -0.045 0.207
Productivity (0.450) (0.020) (0.095) (5.053) (0.099) (0.648)
Regime Type 0.005 0.018 0.017 0.545 -0.014 0.153
(0.301) (0.015) (0.035) (0.684) (0.025) (0.154)
GDP/capita (log) 2.498 0.358%* -0.050 26.500 0.147 -2.470
(3.395) (0.154) (0.506) (19.096) (0.542) (0.2.204)
Population (log) 7.331* 1.406%** 1.874%** 32.384 5.178** 13.694
(3.121) (0.152) (0.430) (53.077) (1.729) (7.469)
Ethnic Fractionalization -2.599 -0.280 0.641
(6.120) (0.273) (0.721)
Conflict Count (lag)* 0.480%** 0.013**
(0.049) (0.004)
Conflict Incidence (lag)* 1.492%#*
(0.360)
Number of Observations 342 342 342 426 426 426
R? 0.448 0.347
2LL 240.345 192.303
Cox & Snell R? 0.261 0.376
Nagelkerke R? 0.412 0.624
AIC 1,992.352 2,436.468

Note: Standard Errors in Parentheses. ***p < 0.001, **p< 0.01, *p< 0.05

“Lagged by one year. ® Lagged dependent variable as predictor.  Country-fixed effect with Algeria as reference category. ¢ With adjusted standard errors.
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causal inferences from the models above and substantiate the call for continued research on the

relation between agricultural intensification, productivity, and civil conflict.

Conclusion

This research started with the puzzle of whether agricultural intensification, which aims at
reducing hunger and conflict, could in fact increase conflict. Based upon theories on ‘horizontal
inequalities,” the agricultural smallholder sector was expected to develop multidimensional
group grievances, which can lead to low-intensity civil conflict. Therefore, this research
hypothesized that agricultural intensification increases the risk of low-intensity civil conflict.

Empirical results on the direct impact of agricultural intensification on low-intensity civil
conflict are inconsistent. When correcting for normality and over-dispersion, agricultural
intensification 1is associated with a significant reduction in the intensity of conflict. With regard
to the incidence of low-intensity civil conflict, results are insignificant but also hint at a
conflict-reducing effect. Meanwhile, agricultural productivity is associated with a significant
increase of both low-intensity civil conflict incidence and intensity. Moreover, when
agricultural productivity is added as a mediator, there is a significant and positive indirect
effect of intensification on low-intensity civil conflict.

Hence, agricultural intensification might only increase the risk of low-intensity civil
conflict by way of increasing productivity. This has several scientific implications. First, it
seems that only such micro-mechanisms proposed in the theoretical framework of this research
might facilitate conflict that are connected to a growth in productivity. Secondly, these findings
suggest that the occupational sector might indeed be a source of group identity, as smallholders
appear to be able to organize for low-intensity civil conflict when productivity increases.

From a practical perspective these findings are problematic. Given population growth

forecasts, it is evident that agricultural output has to increase in order to meet future demands
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for food (FAO, 2009; WB, 2008). As Hunt (2011), among others, outlines, it is not desirable
that increases in output are achieved through an expansion of agricultural land, as this causes
deforestation. However, the conflict-enhancing potential of heightened productivity questions
the social desirability of increasing the output of existing agricultural land. This creates an
impasse for agricultural development policies.

Before expanding into pathways for future research, it is important to consider the
limitations of the present study. Due to a lack of available data, agricultural intensification has
been proxied by fertilizer use in kilogram per hectare of arable land (WB, 2020a). However,
this indicator is imperfect, as agricultural intensification entails a number of interacting
processes (Pingali, 2012). Therefore, it is likely that fertilizer use does not capture agricultural
intensification and its consequences in their entirety. This could, inter alia, explain the
mismatch between the direct impact of agricultural intensification and agricultural
productivity on low-intensity civil conflict.

Moreover, low-intensity civil conflict is conceptualized as demonstrations, strikes, and
riots. However, Staatz and Dembélé (2008) observe a “rise of independent farmer and trader
organizations that are giving voice to rural people to lobby for policies more favorable to
agriculture and rural development” (p. 10). Such regular forms of opposition are, however, not
included in the SCAD database. Hence, a potentially important part of the story has been
excluded from this research.

Together with the implications of the present results, these limitations create interesting
possibilities for future research. Firstly, it needs to be determined, whether agricultural
productivity is associated with an increase in the risk of conflict independent from the process
through which it is obtained. A prominent alternative to agricultural intensification using
‘Green Revolution’ practices (agro-industrial approach) is sustainable agriculture (agro-

ecological approach) (Horlings & Marsden, 2011). The agro-ecological approach entails a
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variety of methods, such as zero tillage, multi-cropping, and organic production (Altieri, 2018).
Horlings and Marsden (2011) demonstrate the productivity-enhancing potential of these
practices. Comparative case studies of regions that either employ agro-industrial or agro-
ecological methods could help to determine whether these regions face different levels of civil
conflict.

If such an investigation finds the conflict-enhancing potential of agricultural productivity
to be contingent on agro-industrial practices, a more thorough collection of data on the diverse
aspects of this form of intensification should be encouraged. Subsequently, regression models
including an aggregate intensification indicator or indicators of individual aspects of it could
be estimated. This would help to discern whether it is the sum of practices that has a conflict-
enhancing effect, or if only one specific aspect is associated with conflict.

In all of this, regular forms of opposition should be included to gain a complete picture of
the repercussions of enhanced agricultural productivity. Special attention should be paid to the
role of farmer organizations, which are of growing importance at the local to national level
(Heemskerk & Wennink, 2004; Staatz & Dembélé, 2008). Quantitatively, agricultural
productivity enhancements could be correlated to the number of court cases. Qualitatively, the
role of farmer organizations and lobby activities could be assessed through an inquiry of policy
documents.

The FAO predicts that “food production must increase by 70 percent” in order for us to be
able to feed 9 billion people in 2050 (FAO, 2009, p. 2). This will inevitably require changes in
how agricultural production is organized. Policymakers need scientific evidence on the
economic, political, social, and environmental implications of different production scenarios,
in order to be able to make informed decisions. Clarifying the impact of intensive agriculture

and increased productivity on conflict would constitute an important step into this direction.
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Appendix A
Replication Data

Data for the replication of all models can be found in the Online Appendices. These
contain the SPSS Syntax and Output of models I to IX, further checks of assumptions and the
mediation effect.

Online Appendix A contains the Syntax and Output of the OLS, negative binomial, and
logistic regression (models I, II and III). It also contains tests for multicollinearity,
independence of errors, normality, homoscedasticity, outliers, and leverage values, as well as
a one-sample Kolmogorov-Smirnov test to test for a Poisson distribution of the data.

Online Appendix B contains the Output of the mediation analysis using Hayes’ (2018)
PROCESS version 3.5.

Online Appendix C contains the Syntax and Output of the robustness checks (models
IV to IX). It also entails checks for model assumptions, that is multicollinearity, independence
of errors, normality, homoscedasticity, outliers, and leverage values. Section C5.1 contains the
Output for the fixed OLS regression (model VII) with adjusted standard errors, which was

generated using Hayes and Cai’s (2007) HCREG macro in SPSS.

The online appendices can be accessed through the following link:

https://www.dropbox.com/sh/1kaSurlqalaeSpx/AAC-i_L_zT6kJm9qeX8CCMI7a?dI=0.




52

Appendix B

List of Countries Included in the Analysis

Table B1

Countries Included in the Analysis and Their Conflict Count

Country Conflicts, 2004- Country Conflicts, 2004-
2016 2016
Algeria 128 Malawi 59
Angola 33 Mali 87
Benin 23 Mauritius 4
Burkina Faso 51 Morocco 176
Burundi 102 Mozambique 41
Cameroon 56 Namibia 6
Congo, DR 169 Niger 81
Congo 13 Nigeria 506
Cote d’Ivoire 109 Rwanda 6
Egypt 1276 Senegal 102
Eritrea 2 Seychelles 0
Ethiopia 84 South Africa 391
Gabon 61 Tanzania 49
Gambia 13 Togo 61
Ghana 19 Tunisia 255
Guinea 143 Uganda 69
Kenya 270 Zambia 75
Libya 150 Zimbabwe 175

Madagascar 54
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Appendix C
Descriptive Statistics

Table C1

Descriptive Statistics of the Variables Included in the Analysis

Variable N Mean Standard Minimum Maximum
Deviation

Agricultural 443 43,93 115,24 0,00 816,93

Intensification

Agricultural 481 4,45 5,79 0,79 33,22

Productivity

Regime Type 468 1,77 4,97 -7 10

GDP/ capita 476 3,10 0,48 2,11 4,18

(log)

Population (log) 476 7,12 0,61 4,92 8,27

Ethnic 377 0,60 0,25 0,04 0,90

Fractionalization

Conflict Count 481 10,39 29,67 0 471

Conflict 481 0,80 0,39 0 1

Incidence
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Appendix D

Mediation Analysis

Table D1

OLS Regression with Agricultural Productivity as Outcome Variable

@
OLS*
Variables
(Constant) -16.958***
(3.095)
Agricultural Intensification (lag)® 0.032%**
(0.002)
Regime Type -0.213%**
(0.035)
GDP/capita (log) 1.414%**
(0.407)
Population (log) 2.425%**
(0.349)
Ethnic Fractionalization -1.938**
(0.739)
Number of Observations 342
R? 0.700

Note: Standard Errors in Parentheses. ***p < 0.001, **p<0.01, *p< 0.05

& Agricultural productivity as outcome variable. ® Lagged by one year.



Table D2

Full Models Including Indirect Effects

55

(In (111))
OLS Logit
Variables
(Constant) -103.425%** -15.459%**
(30.018) (3.484)
Agricultural Intensification 0.067%* -0.001
(lag)* (0.023) (0.003)
Agricultural Productivity 1.339%* 0.249*
(0.507) (0.098)
Indirect Effect of Agricultural 0.043¢ 0.008¢
Intensification (lag)™ (0.019) (0.004)
Regime Type -0.027 0.031
(0.342) (0.033)
GDP/capita (log) 4.192 -0.140
(3.847) (0.484)
Population (log) 13.266%** 2.290%**
(3.474) (0.399)
Ethnic Fractionalization -4.137 0.733
(6.941) (0.686)
Number of Observations 342 342
R? 0.287
2LL 257.124
Cox & Snell R? 0.224
Nagelkerke R? 0.353

Note: Standard Errors in Parentheses. ***p < 0.001, **p<0.01, *p< 0.05

2 Lagged by one year. ® Mediated by agricultural productivity. ¢95% BCI [0.008, 0.081].

495% BCI [0.003, 0.02].



