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Abstract

This paper explores the importance of the risk of violence on the decision making of rural
households, using a unique panel data set for Colombian coffee-growers. We identify two
channels. First, we examine the direct impact of conflict on agricultural production through the
change in the percentage of the farm allocated to coffee. Second, we explore how conflict
generates incentives to substitute from legal agricultural production to illegal crops. Following
Dercon and Christiaensen (2011), we develop a dynamic consumption model where economic
risk and the risk of violence are explicitly included. Theoretical results are tested using a
parametric and semi-parametric approach. We find a significant negative effect of the risk of
violence and the presence of illegal crops on the decision to continue coffee production and on
the percentage of the farm allocated to coffee. Results are robust after controlling for endogeneity
bias and after relaxing the normality assumption.
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Resumen

Este articulo examina el efecto del riesgo causado por la violencia sobre las decisiones de los
hogares rurales con base en un panel de datos unico para productores de café colombiano. Se
identifican dos canales. Primero, se evalta el impacto directo del conflicto sobre la produccion
agricola, medida como el cambio en la proporcion de tierra asignada a la produccion cafetera.
Segundo, se explora si el conflicto genera incentivos para sustituir produccion agricola legal por
cultivos ilicitos. El articulo desarrolla un modelo de consumo dindmico que incorpora de manera
explicita el riesgo econdmico y violento, inspirado en Dercon y Christiaensen (2011). Las
hipdtesis derivadas en los resultados tedricos se examinan con estimaciones paramétricas y semi-
paramétricas. Los resultados muestran un impacto negativo y significativo del riesgo de la
violencia y la presencia de cultivos ilicitos sobre la decision de continuar la produccion de café y
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estimaciones de variables instrumentales.
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1. Introduction

Recent research in economics shows that violent conflict hinders economic
development (Blattman & Miguel, 2010). Attacks deteriorate human capital, damages
infrastructure and destroy households’ productive assets, imposing direct economic costs
on the population (Akresh, Verwimp, & Bundervoet, 2011; Camacho, 2008; Ibafez &
Moya, 2010; Stewart & Fitzgerald, 2001). However, the economic costs of violence go
beyond direct victimization by modifying the political, economic and social context in
which households operate (Kalyvas, 2006). Violent contexts generate uncertainty, change

relative prices and promote institutional changes (Blattman & Miguel, 2010; Tilly, 1992).

Households modify their consumption and production decisions in order to prevent or
mitigate the impacts of conflict (Blattman & Miguel, 2010; Briick, 2004; Justino, 2006).
The threat of violence or the anticipation to violent shocks oblige rural households to
revert to subsistence agriculture and shift portfolio to less risky, but also less profitable
activities (Collier, 1999; Deininger, 2003; Morduch, 1995; Nillesen & Verwimp, 2009).
Changes in prices and in the institutional context may increase the returns to participation
in illegal activities. This generates incentives for households to switch from traditional
agricultural activities to illicit crop cultivation. The warring factions involved in the
conflict generally support themselves by the latter. Evidence for Afghanistan and
Colombia shows that illicit crops such as opium and coca are important sources of money
for illegal groups (Mejia & Rico, 2010; Rubin, 2000). Despite large short-term benefits
from the cultivation of illegal crops for households, the long-term costs for economic
development may be large. The presence of illegal activities intensifies criminal violence,
weakens the judicial system and becomes an obstacle to end the conflict (Angrist &

Kugler, 2008; Gaviria, 2000).

Identifying the channels through which violence influences household decisions is
important to design policies that eliminate or mitigate the consequences of conflict.
During post-conflict periods, this evidence is crucial to design policies to reduce the costs
of conflict, to boost legal production, and to eliminate the incentives for participation in
illegal markets. Most of the economic literature estimates the aggregate costs of violence

(Collier & Hoeffler, 2004; Collier, Hoeffler, & Soderdom, 2004; Hoeffler & Reynal-



Querol, 2003; Stewart, 2004). The impact on household welfare and production decisions
however is largely under-researched despite the recent surge in the collection of micro-

level data in conflict-affected countries (Justino, 2009).

This paper explores the importance of the risk of violence due to internal conflict and
the presence of illicit crops on agricultural decisions of rural households in Colombia.
Building on Dercon and Christiaensen (2011), we develop a dynamic model where
economic risk and the risk of violence are explicitly included and whereby producers
decide the percentage of land allocated to an export, subsistence or illicit crop.
Theoretical results are tested using parametric and semi-parametric sample selection
approaches. We use a unique panel data set of coffee-growers built from the Census of
Coffee Growers collected between 1993 and 1997 - abbreviated as CCS93/97 - and the
Coffee National Information System - SICA' (2008). We identify two channels. First, we
examine the direct impact of conflict on agricultural production through the change in the
percentage of the farm allocated to coffee. Second, we explore how conflict generates
incentives to substitute legal agricultural production for illegal crops using the farmers
that dropped out between two censuses. Both channels ultimately reduce legal

agricultural production.

Evidence on the economic decisions of farmers operating in conflict regions is scarce.
Some noteworthy exceptions are Briick (2004), Nillesen and Verwimp (2010) and
Rockmore (2011), yet these papers use small panel data sets for rural farmers in
Mozambique and Burundi respectively, and cross-sectional data for Uganda. Little is
known about how conflict generates incentives to produce illegal crops. Studies are
mostly based on aggregate data (Dube & Vargas, 2013 ; Moreno-Sanchez, Kraybill, &
Thompson, 2003; Rubin, 2000) or measure the indirect effect of coca presence on
economic and labor outcomes (Angrist & Kugler, 2008). The contribution of our paper is
twofold. First, the paper provides evidence on the microeconomic costs of conflict using
a unique panel data set on coffee production in Colombia, the country's main export crop.
Second, the paper shows how conflict modifies the returns to illegal crops, inviting

substitution of export for illegal crops.

! Spanish Acronyms. Sistema de Informacion Cafetero —SICA-



The identification strategy combines farm and municipality level information to
exploit the variation over time and space of violence and illegal crops. By using the
parametric and semi-parametric Heckit estimator, we attempt to eliminate any bias from
unobserved household characteristics in the participation and allocation equation. In
addition, we use instrumental variables to reduce any additional bias from the occurrence
of violence and of illegal crops in the selection equation. We estimate the just-identified
model using two instruments: i) the former territories occupied by Spain (1510-1561) that
where the object of land conflict in the period 1881-1931 to instrument for violence; and,
i1) the size of the land covered by rainforest to instrument for the presence of illegal

crops. We demonstrate the relevance of these instruments.

We find a significant impact of the risk of violence and the presence of illegal crops in
the decision to continue the cultivation of coffee and in the percentage of the farm
allocated to coffee. Results are robust after controlling for endogeneity bias in the
selection equation. In line with our theoretical model, we find that coffee growers are
more likely to drop-out of coffee when they are exposed to high risk of violence and the
presence of illegal crops. After relaxing the distributional assumption in the full-

parameterized Heckit, we obtain similar results.

The structure of the paper is as follows. Section two discusses briefly the recent
economic literature on the impact of shocks on production decisions, introducing the
theoretical model and the main hypotheses of the paper. Section three introduces
empirical evidence form coffee growers, conflict and illicit crops in Colombia. Section
four describes the data and our estimation strategy. The econometric results are discussed

in section five. Section six concludes.

2. Agricultural production, economic risk and the risk of violence

Agricultural producers are exposed to several risks such as variations in climatic
conditions, crop diseases and natural disasters, among others. Exposure to and incidence
of these risks reduces welfare and leads to inefficient production (Janvry & Sadoulet,

2006; Roe & Graham-Tomasi, 1986; Rosenzweig & Binswanger, 1993). Furthermore,



because agricultural producers face market imperfections, limited access to formal
lending and incomplete insurance, risk in production affects consumption (Dercon, 1996;

Dercon & Christiaensen, 2011; Janvry & Sadoulet, 2006; Roe & Graham-Tomasi, 1986).

Households modify production decisions in order to protect consumption from the
incidence of shocks. They change asset composition towards assets less sensible to
particular risks or which can be easily converted to cash, but which are also less
profitable (Dercon, 1996; Fafchamps, Udry, & Czukas, 1998; Janvry & Sadoulet, 2006;
Rosenzweig & Binswanger, 1993). Risk may also deter producers from irreversible
investments that would increase productivity, yet cannot be easily converted to cash
during shocks as well as from using risky inputs (Dercon & Christiaensen, 2011; Roe &
Graham-Tomasi, 1986). Besides changing investment or input decisions, households
adjust production decisions favoring less risky crops, subsistence production, or activities
that generate cash (Dercon & Christiaensen, 2011; Janvry & Sadoulet, 2006).
Diversifying income sources, by for example allocating time to off-farm activities, is an
additional strategy to reduce risks (Barrett, Reardon, & Webb, 2001; Dercon, 1996; Ito &
Kurosaki, 2009; Janvry & Sadoulet, 2006; Kochar, 1999; Roe & Graham-Tomasi, 1986)

Spatially covariant risks are more likely to reduce welfare, while empirical evidence
show households are able to insure against idiosyncratic risks. As covariant shocks
reduce(Dercon & Ayalew, 1995) mean community income, insurance arrangements are
difficult to design and loans are often unavailable. Thus, households with a high
likelihood of facing covariant risk adopt ex ante strategies such as the ones described
above (Alderman & Paxson, 1994; Rosenzweig & Binswanger, 1993). However, richer
households need to engage less in ex ante risk management as assets stocks and access to
financial markets allow them to better handle ex post shocks (Dercon & Christiaensen,

2011; Janvry & Sadoulet, 2006; Rosenzweig & Binswanger, 1993).

In conflict-affected regions, rural households face, in addition, shocks of violence.
Violence affects production through different channels. First, attacks, extortions or crop
and livestock seizure reduce production, destroy assets and deteriorate human capital
(Deininger, 2003; Justino, 2012). Second is the impact on labor supply. The heightened

sense of insecurity and direct attacks on the civil population generates forced



displacement, while recruitment of combatants and illegal crops compete with
agricultural labor (Dube & Vargas, 2013 ; Fernadndez, Ibafiez, & Pefia, 2011). Third, even
when households are not directly attacked, violence destroys infrastructure, decreases the
provision of public goods, limits the presence of financial intermediaries, and increases
transaction costs; thereby, reducing agricultural income and increasing costs (Deininger,
2003; Justino, 2012). Lastly, by creating uncertainty and modifying returns to agricultural

production, violence changes the incentives to agricultural producers (Rockmore, 2011).

Farmers modify their behavior to protect their welfare levels in anticipation of or in
response to a violent shock (Blattman & Miguel, 2010; Justino, 2009). Despite ex-ante
mechanisms, the dynamics of civil conflict may push households to recur to other
strategies that may protect them from victimization, yet reduce agricultural production
further. In order to avoid attacks, wealthier households may want to (Bellows & Miguel,
2009; Engel & Ibafiez, 2007; Verwimp, 2003b), become less visible in the community,
retrieve from markets, reduce the size of trading networks and invest in assets that are not
easily detected (Deininger, 2003). For example, farmers may prefer financial assets
instead of investments in agricultural equipment, and livestock. Households may also
reduce investments in location-specific assets, such as land or irrigation, or simply
postpone investments leaving land idle. The contribution of off-farm activities to
diversify income as an ex anfe management strategy or as an ex post alternative to
compensate for income drops is an open question. On the one hand, markets in conflict
region may break down contracting labor demand. On the other, new labor opportunities,

such as illegal activities or participation in armed groups, may emerge in conflict regions.

Empirical evidence on the changes in production and investment decisions caused
by violence in conflict regions is largely absent. Economic research has found that the
threat or anticipation of future shocks, like violence, pushes rural household to revert
back to subsistence agriculture and shift portfolio to less risky, but also less profitable
activities (Deininger, 2003; Nillesen & Verwimp, 2010). Rural households also increase
participation in informal credit markets and recur to precautionary savings (Binzel &
Briick, 2007; Briick, 2004). Other studies have also shown that a decrease of agricultural

prices may fuel further violence in regions where conflict is present. Drops in agricultural



prices reduce agricultural wages and returns, creating incentives for participation in
armed groups and production of illicit crops (Dube & Vargas, 2013 ; Moreno-Sanchez et
al., 2003). In addition, illegal crop cultivation may perpetuate the conflict by providing
monetary resources (Angrist & Kugler, 2008).

2.1.A Theoretical model of farm allocation under economic risk and the

risk of violence

The purpose of the model is to understand how exogenous risk influences the
decisions of farmers and creates incentives for the production of illegal crops. In the
model, farmers select the percentage of land allocated to each crop in order to maximize
their utility derived from consumption, and reduce economic risk and the risk of violence
over time. We assume farmers do not have access to financial or insurance markets and
production of each crop is technically independent or non-joint with non-labor markets.
Because alternatives for ex-post consumption smoothing are non-existent, farmers select
land allocation among the three crops to protect consumption from economic and violent
shocks. This model captures the two purposes of our paper: identify how conflict affects
production of export and illegal crops. The model builds on Dercon (1996) and Dercon

and Christiaensen (2011).

Farmers face two correlated risks: economic (&;) and violent (¢;). Economic risks
stem from price variations, weather conditions and natural shocks, among others, that
affect yields. It is assumed as random, serially uncorrelated and realized after allocation
decisions have been made (Dercon & Christiaensen, 2011). In contrast, risks of violence
arise from the exogenous uncertainty brought by living in a conflict region, and is
generated by a bivariate distribution whereby a peaceful state is represented by ¢, = 0
and a violent state by ¢, = 1. We assume that this state is known at the beginning of

each period before allocation decisions are made.

Farmers select the optimal allocation of land available for agricultural production (L)
on three crops — risk-free, export and illegal crops - based on returns for each crop. Let s;
be the proportion of the farm allocated to the risk-free crop in period ¢ with known return

per unit of land allocated (77, ); the expected return is given by s;L;.



The proportion of land allocated to the export crop in period ¢ is represented by z;,
where economic risk and the risk of violence determine gross returns per unit of land
allocated m,(&;|¢;). Lower returns for the export crop in a violent state arise from
several direct and indirect impacts of conflict such as those described in the previous

section, ceteris paribus: Ve my (| = 1) < my(&t|r = 0). Gross returns decrease

o, (et|pt)

with high economic risk, Py
t

< 0. The expected return is given by z, L1, (.| @.).

Now, let n; be the proportion of land in illegal crops in period ¢. We assume, without
loss of generality, economic risks do not influence the returns of the illegal crop. Several
features of coca markets in Colombia validate this assumption, in particular, in violent
state (¢, = 1). Armed groups and cocaine traffickers minimize economic risks by
providing technical assistance, a minimum price, and collection of yield at the farm gate”.
Coca trees are, in addition, an easy crop to grow as, once planted, the bush produces each
year with a minimum of maintenance (Moreno-Sanchez et al., 2003). Thereby the gross
return per unit of land allocated is represented by m5(¢;). In contrast to the export crop,
moving from a peaceful to a violent state increases the returns to growing the illegal crop
(m3(p; = 1) > m3(p, = 0)). The support of armed groups to promote illegal crop
cultivation, lack of state presence, and the breakdown of the rule of law determine the

higher returns of illegal crops under a violent state. Thus the expected return is denoted

by neLms(@y).

Moreover, those farmers who decide to grow the illegal crop could be caught and face
a financial punishment. Although we only consider the economical penalty, policies
against illegal crop could also include: jail or land expropriation, among others (Mejia &
Rico, 2010). We assume the punishment as a given proportion of the assets (6 A;) that is
determined by law. Therefore, farmers will be willing to grow illegal crops if and only if

the expected return is larger or equal to the punishment

n Lz (@) = 0A (1)

* Interview with a demobilized high-rank member of FARC, July 2010.



We assume that the return to the illegal crop in a violent state yields the maximum
return for the farmer. It is assumed that 7, > min[m,(&|p;)] =0 and
T, > min[m3(@.)] = 0, i.e. the lowest gross return for the risky crops are non-negative
but lower than the risk-free crop. Assume that the household maximizes the expected
flow of standard intertemporally additive utility from consumption: u, = Y.r_.(1 +
8 TE,_v(cy) ; with v(.) instantaneous utility derived from consumption c; and
v'(.)>0,v"(.) <0, and 6 the rate of time preference. Now, let r be the rate of return
of saving between periods. Therefore, assets evolve from one period to the next

according to

Apyr = A+ 1)(A + 5. LTty + 2Ly (e @) + el (@) +me — ¢¢) (2)

where, s; + z; + n, = 1 and m, is an external financial support. Following Dercon and
Christiaensen (2011), we assume that assets can be liquidated at any point in time.
Consumption prices are used as the numeraire. Consumption is decided after income has
been generated from production and after the punishment has been implemented, in case

that the farmer was caught. Thus the value function at period ¢, is given by

1 _ _
V(4 = max, 7, n, Et [U(Ct) + th+1((1 —1)(A¢ + z L(my(ec| @) — 1) + neL(m3 (@) — Ty) +

_ nlms (<Pt))]

me — cp) +ve(Ar + 2 L(my (e @) — 1) + e L(m3 (@) — ) + me —¢) + A4 (At )

€)

To solve this problem, we first derive the optimal consumption rule after uncertainty

over income has been resolved

Ve(A) _
66:

! (1_ ) !
v'(c) — E; ﬁ'Vt+1(At+l) + Vt] =0 (4)

Now, to obtain the optimal allocation rule we need to take the derivative of Eq. (3)
with respect to each crop at the beginning of the period, where the risk of violence is
already known from the last period but economic risk is unknown (i.e. before uncertainty

has been resolved), that is

10



IVe(Ar) (1-7) ’ _
ST: = [((1_;) Vg1 (Ape) + Vt) (2 (eele) — ”1)] =0 (Sa)

Ve (Ag) a-r) ., _ (o¢)
—t = E; [((1_2) Vi1 (Aesr) + Yt) (3 () — 7T1)] = A % =0 (Sb)

ant

Expanding Eq. (5a):

0z; 1-68"

reor| (S22 v A 472 ), (el — )
(1-0) t+1 A4 Ye | T (& Pe 1

aV,. (A, 1- _
(4.) = E, [(( L Vi1 (Aesr) + Vt)] E[(m (el ) — )]

Now, since &, and &, are uncorrelated” and given Eq. (4):

o [(S22 W Aes) + e ) (raerlge) - )
(1-9) t+1\ A1 Ye |, (2 (el o; T

cov [Et (El _ 53 Vi1 (Ape) + Vt) , (my(ee]pe) — 1)

= cov[v'(cy), (my(ecle) — 71)]

Therefore, Eq. (5a) could be re-written as:

aV(4,)

97, = E[v'(c)IE[(my(ec|r) — )] + cov[v'(c,), (mp(gclepe) — )] =0

Or, equivalently

aV;iAt) = Ev'(c)(m,(gcl@r) —T1)] =0 ©)

Analogously, we rewrite Eq. (5b) as follow:

v, (A, t
afl ) — Et[v (Ct) Et[((ﬂ3(§0t) - 7'[1))] + cov[v (Ct) ((n3(§0t) _ 7_[1))] /15 T3 ((P ) -0
Or,
P40 — o/ () (ma o) — )] 2,22 = 0 .

As we do not specify a particular form for the utility function nor for the gross return

functions, we do not provide a closed solution of the inter-temporal optimal allocation

rule. Eq. (6) and (7) do provide important information to help us identify whether or not

1- —
3 [timplies that E, [cov [(El g Vi (Apgq) + yt) (3 () — nl)]] =0

11



the choice among crops is determined by an ‘ex ante’ violent state or by ‘ex post’

economic risk.

Consider a first scenario where farmers realize that they face a peaceful state
(Ve,.: @, = 0) at the beginning of the period; hence they only face an ‘ex post’ economic
risk through the return to the export crop. When the punishment restriction is binding
(4> 0), which is always the case in the peaceful state, the expected return
on the illegal crop reaches the lowest value, and, therefore, farmers prefer to concentrate

on the export and risk-free crops.

Because farmers are assumed risk averse, the land allocation rule will be determined
by (m,(g|o, = 0) — ;) (see Eq. 6). If, in addition, they face an economic risk, the marginal
utility of a risk-free yet low yielding crop will have a higher weight in the value of Eq.
(4) than the risky alternatives. This implies that farmers prefer the safest activity (i.e. with
higher marginal returns) when economic risks are high (Dercon & Christiaensen, 2011).
Thereby, under high economic risk (e.g. price volatility), a first corner solution is
feasible. Farmers will drop out of the export crop even in a peaceful state, allocating all

the land to the risk-free crop.

Now, consider a second scenario where farmers realize that they face a violent state
(Ve,: @, = 0) at the beginning of the period, in addition to the ‘ex post’ economic risk.
Because violent and economic risks are correlated, the expected return for the export crop
decreases for any value of €. As we pointed out above, since the farmers are assumed
risk averse they always prefer to allocate some proportion of the land to the risk-free
crop. To see that in detail, observe that if the consumption constraint is binding (y, > 0)
the marginal utility of consumption increases and the marginal expected return to the
risky crop decreases (see the covariance in Eq. (6) and (7)). In contrast, if farmers can
smooth consumption (V& 1y, = 0 A 4, = 0), the covariance between marginal return and
marginal utility is zero, farmers will behave as risk-neutral (Dercon & Christiaensen,
2011). This fact is particularly interesting when the role of external financial support
(m,) is taken into account: relaxing the binding constraint will boost, for instance, export

crops. Moreover, a high initial asset stock, allows farmers to invest a higher proportion of

12



land in the crop that has the highest risks. In contrast, households with a low stock of

assets specialize in the low-risk low return activity.

Even though an interior solution is feasible, there exist two corner solutions in a violent
state. On the one hand, if the punishment constraint is still binding (1, > 0) and the
economic risk is high, a state of violence pushes the farmer to allocate all the land to the
risk-free crop, that is, farmers are pushed to revert back to subsistence agriculture
(Deininger, 2003; Nillesen & Verwimp, 2010). On the other hand, if the punishment
constraint does not bind (1, = 0) or, equivalently, the expected return of the illegal crop is
much larger than the punishment (n:Lm;(@;) > 0A4;), farmers will have enough
incentive to abandon export crop cultivation and allocate the land between the risk-free

and the illegal crop.

Table 1 summarizes the possible solutions in the model. We are particularly interested
in the corner solution. We can identify two types of corner solutions. Firstly, a risk
adverse farmer pushed to allocate the entire farm to a risk-free crop in response to
increased economic risk or risk of violence. We call this solution ‘subsistence dropping
out’. Secondly, in the violent state, farmers deciding to drop the export crop due to either
high economic risk or high expected return for the illegal crop. We call this solution
‘lllegal dropping out’. Other solutions that involve a non-zero allocation of the land to an

export crop are called ‘Interior solution’.

Table 1. Feasible corners solutions by violent states.

Violent ‘ex ante’ state St Z¢ n,
>0 Interior solution
@ =0 >0 {_)0. > 0 — 0
if & Subsistence dropping out
>0 5 0if 2,0 Interior solution
o, =1 >0 {—> Oife>»0 { >0 Hllegal dropping out
—0ifee>»0 > 0ifA1, >0

Subsistence dropping out

3. Colombian Coffee growers under the threat of conflict and illicit crops.
Climate conditions, economic policies, institutional dynamics and soaring coffee

prices at the beginning of the 20™ century generated a favorable environment for the
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emergence and consolidation of coffee as the main export product of Colombia during
most of the 20™ Century (Bejarano, 1996). The creation of the National Federation of
Coffee Growers (FNC-by its Spanish acronym) in 1927 and of the price stabilization fund
in 1929 further strengthened this process and provided support for the expansion of
coffee in many Colombian regions. The price stabilization fund purchase coffee
production from growers at a price that is regarded as fair, calculated using international
prices. Coffee is bought by the FNC through 36 cooperatives that are located in 511
agencies throughout the country. Besides guaranteeing a minimum price, the FNC
provides support to coffee growers such as technical assistance, transfer of technological
innovation, credit, infrastructure, social protection, health services, and education
programs, among others. Officials of the FNC are democratically elected within each
State Committee. The support provided by the FNC was crucial to consolidate coffee as
the main export product during the 20™ Century, and promote economic development in

coffee regions.

Parallel to this process, a dormant conflict named La Violencia erupted in 1948. Since
its independence from Spanish rule in the 19" Century, Colombia has faced several civil
conflicts. Although a confrontation between the two major political parties was the main
cause of La Violencia, local conflicts linked to land disputes fueled the violence in many
regions (Roldan, 2002). The strong presence of the FNC in the coffee regions and the
support to coffee growers provided a safe haven that isolated these areas from the conflict
ravaging other regions (Oquist, 1980; Palacios, 1980). In 1953, a power-sharing
agreement ended the conflict, but local conflicts and land disputes remained unresolved

in most regions of the country.

Technological innovations and a spike in prices during the 1970s increased coffee
production in Colombia. However, a plague and a renewed expansion of Brazilian
production forced some Colombian producers to opt out of coffee. The FNC
implemented an aggressive policy to promote the adoption of modified crops that were

more resistant to plagues and weather conditions.
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Meanwhile, the conflict subsided with the emergence, at the end of the 1960s, of left-
wing guerrilla groups. The original purpose of the guerrilla groups was to seize power.”
Yet their activities were located in isolated regions of the country. The emergence of
drug traffickers fueled the conflict by providing resources to fund guerrilla groups and
instigating the creation of right wing paramilitary groups to defend some landowners and
drug dealers from guerrilla attacks. The policies implemented in Peru to halt coca
production in 1994 generated further incentives for coca production. Conflict regions
became ideal scenarios for the expansion of illicit crops’ cultivation. All these intensified

the conflict and consolidated its geographic expansion.

The end of the international quota agreement, that had stabilized prices at high levels,
changed coffee markets. Prices fell substantially and large fluctuations, previously
unknown to coffee growers, became frequent. Many producers had to diversify to other
agricultural products, to opt-out of coffee or to abandon their land (CRECE, 2002;
Mufioz-Mora, 2010). In 2001, prices fell to the lowest levels in 180 years deteriorating
even more the conditions of coffee producers. In addition, the two crisis of international
coffee prices contracted the FNC resources, which limited its capacity to implement

programs to ease the consequences of the crisis on coffee growers (CAIC, 2002).

Consequently, traditional coffee regions, which had been historically isolated from
the conflict, were exposed to risks, such as violence and the presence of illicit crops
(Dube & Vargas, 2013 ; Muiioz-Mora, 2010; Rettberg, 2010). Illegal groups strengthened
their presence in coffee regions and intensified violence against the civilian population.
In 1985, guerrilla groups were present in respectively 15 and 2 per cent of non-coffee and
coffee growing municipalities, while in 1995, these figures increased to 58 and 53 per
cent, respectively (Bejarano, 1992). Attacks against the civilian population also
increased: during the period between 1990 and 2008, coffee municipalities faced 2.63

attacks per year from illicit groups and non-coffee municipalities 1.94.

“The most important guerrilla groups still active today are: The Revolutionary Armed Forces of
Colombia FARC and National Liberation Army ELN
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Graphs 1 and 2 show the evolution of homicide rates and forced displacement for the
period between 1993 and 2008. We compare the evolution for three groups of
municipalities: (i) municipalities traditionally dedicated to coffee production; (ii)
municipalities that recently started coffee production; and (iii) municipalities that are not
coffee producers’. In 1993, homicide rates were significantly higher for traditional coffee
regions, while non-coffee producers experienced lower homicides rates. From 2001
onwards, traditional coffee regions experienced a sharp drop in homicide rates and in
2008 homicide rates for the three groups of municipalities were similar. The dynamics of
forced displacement, which show aggressions of armed groups against civilians, indicate
a similar pattern. Forced migration has been consistently higher for traditional coffee
regions and non-coffee regions. However, reductions in forced displacement have been
steeper for traditional coffee region and in the year 2008 the number of forcefully
displaced was significantly lower for these municipalities. Thus, despite an increasing
presence of armed groups in coffee regions, aggressions of armed groups are lower than
in other regions. Nonetheless, criminal violence, represented by homicide rates, is

similar.

Graph 1. Homicide rates (1993-2008): traditional coffee, non-traditional coffee and

non-coffee municipalities.

120 140
! L
A Y
!
’

100
|
’
N\
/
|
1
/

80
I
/

40
|

'

]

1

1

:

1

]

'

'

/

20

T
1996

T T
2002 2005

Traditional Coffee Growers
Not Coffee Growers

Not Traditional - Traditional (t-stat)

Not Traditional Coffee Growers

Not Coffee Grower - Coffee Grower (t-stat)

Notes — We consider all Colombian municipalities and we use the census information (CCS93/97) to classify the
coffee growers municipalities. Regarding the classification between traditional and not traditional, historical coffee

° We use information from 1970 and 1980 to categorize traditional coffee municipalities.

16



production information from 1970 was used. The double-sided t-test is reported with the 5% statistical significance
level plotted on top. Data source: CCS93/97, CEDE (2012).

Graph 2. Forced displacement (1993-2008): traditional coffee, non-traditional

coffee and non-coffee municipalities
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level plotted on top. Data source: CCS93/97, CEDE(2012).

Interestingly, the trend for coca production exhibits a different pattern than homicide
rates and forced displacement. As Graph 3 shows, in contrast to traditional coffee
regions, the percentage of land cultivated in coca (hectares) with respect to the area of the
municipality in 1993 was 14 times larger in non-coffee regions and threefold for non-
traditional ones. While coca production has decreased in non-coffee regions, coca
production in traditional coffee regions has steadily increased. In spite of the increasing
trend, the percentage of coca production in non-coffee regions is threefold that of
traditional coffee regions. The growing trend of coca cultivation in traditional coffee
regions started in 2002, a year after the coffee crisis in 2001, which may have prompted

some coffee growers to shift from coffee production to coca cultivation.
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Graph 3. Coca cultivation (in hectares): traditional coffee, non-traditional coffee

and non-coffee municipalities
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Notes — We consider all Colombian municipalities and we use the census information (CCS93/97) to classify the
coffee growers municipalities. Regarding the classification between traditional and not traditional, historical coffee
production information from 1970 was used. The double-sided t-test is reported with the 5% statistical significance
level plotted on top. Data source: CCS93/97, SIMCI (2011).

Deteriorating market conditions, aggressions against the civilian population and the
emergence of coca production may seemingly influence the decisions of coffee growers.
Despite of the strong support provided by the FNC, conflict and coca presence
presumably modified the returns of coffee production, and provided in some regions an
attractive alternative to dwindling market conditions: coca production. Next section

presents the data and the empirical approach based on the theoretical hypotheses.

4. Data and estimation strategy

We use two unique data sources: The Census of Coffee Growers (CCG93/97) and the
National Coffee Information System of 2008 (SICA for its Spanish acronym), which
were collected by FNC. As a planning tool, the FNC has carried out coffee censuses in
1970, 1980 and 1993-1997. The purpose of the coffee censuses is to collect information

on coffee production, and the on physical characteristics of each land plot. A
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questionnaire is fielded to each coffee grower to collect information on land plot size, the
size of the land allocated to coffee production and other crops (in hectares), and physical
characteristics of the coffee trees (e.g. number, age, seed type). The CCG93/97
administered the census to 663.539 coffee growers in 559 municipalities between 1993
and 1997. This last census also gathers socio-demographic information for a random sub-
sample of producers. Although a new census was not administered, the FNC designed the
SICA to update all production information of the CCG93/97. The system is updated when
coffee growers request any type of support from the FNC. Since each coffee grower has
an identification number provided by the FNC, we are able to match the census and SICA
information. The SICA in 2008 has information on 75.5 percent of the coffee growers
included in the CCG93/97 censuses located in 552 municipalities, which correspond to
93.2 percent of the CCG93/97 municipalities. From the original municipalities, seven

(1.3 percent) abandoned coffee production during this period.

Two reasons may explain attrition from the SICA information system. First, some
coffee growers may have stopped requesting the support of the FNC. This possibility is
unlikely as the support of the FNC provides benefits to coffee growers, while the costs
represented by the coffee tax has to be paid regardless of the FNC support. Second, some
coffee growers may have abandoned coffee production and switched to other activities.
Drops in coffee prices, the intensification of conflict, the emergence of coca production,
and urbanization are some of the potential causes for dropping out of coffee production.
The latter is not a random process and is determined by decisions of coffee growers as
well as by municipality characteristics. Map 1 shows the percentage of coffee growers
that dropped out and that continued coffee production between 1993 and 2008. We
observe that municipalities that abandoned coffee production altogether are not
geographically clustered. This may imply that municipal dynamics played a lesser role in
stopping coffee production. In the Appendix we estimate a municipal-level regression of
dropping out of coffee and we do no find statistically significant results for the
coefficients of attacks by armed groups and the presence of coca. We conclude that there

is a not systematic selection rule at the municipality level.
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Map 1. Coffee production: coffee growers percentage that abandoned and

continued coffee production between 1993 and 2008.
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Notes — We define dropped-out coffee grower as the farmer with available information in the census data 1993/97
but without information in the Coffee Information System in 2005 (SICA - Spanish name). Data source:
CCS93/97,SICA (2008).
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Since neither CCG93/97 nor SICA collect victimization information at the household
level, we use aggregated municipality level data. The effect can only be observed at this
level. The channel through which such covariate shock affects a single person or
household remains unobserved (Imbens & Lancaster, 1994). We use the sum of all
military actions of warring factions (by 100 people) against the civilian population as
well as the average area under coca cultivation (in % of land size) as proxies for violence
and for illegal crops respectively.

An additional issue is the period between our two micro-data sources. We use the
overall average as proxy of the exposure to violence and to illegal crops. Several
elements strengthen this decision: (1) the mean is increasing across the number of years
of exposure; (2) less exposed municipalities are symmetrically distributed over the
periods, in particular, between 1997 and 2002. Therefore, even though we cannot
separately identify the effect of duration and intensity, nor the specific effect of the
soaring of violence, the average provides a very useful measure of exposure.’ Besides we
include municipality-level controls for land, market conditions and FNC support. The
data come from the database built by Centro de Estudios del Desarrollo — CEDE at

Universidad de los Andes-Colombia.
4.1. Estimation strategy

The aim of the empirical analysis is to analyze the impact of exposure to violence and
illegal crops on the allocation of land by Colombian coffee growers. In line with our
theoretical model, we have identified that an optimal allocation rule could take into
account several corner and interior solutions that are determined by the level of exposure
to economic risk and the risk of violence. We estimate the coffee crop allocation rule in
2008 controlling for potential sample selectivity. Let z; be the linear optimal allocation
function for the export crop in period t, which is censored at 0 due to corner solutions.
Hence in period t, we only observe those farmers that have a positive percentage of their

farm allocated to coffee (z;) as a result of the selection mechanism (d;). That is,

% The appendix provides additional statistical evidence.
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zi =xif+€ (8a)
di = hiy +v; (8b)

. 1if di>0
7=z dis ere, d; {0 otherwise (8¢)

where x; and h; are vectors of exogenous variables. Furthermore, €; and v; are zero mean
errors with E[€;|v;] # 0. This model, known as Type II-Tobit, provides an explicit form
for the sample selection bias and presents an alternative to the OLS estimator recovering
the consistency of the estimates (Amemiya, 1985). We use the two-step Heckit estimator.
This parametric estimator provides an intuitive way to deal with sample selection based
on the control function approach, imposing a parametric correction through the
generalization of the Probit residual known as Inverse Ratio Mill Ratio (IMR)’
(Gouriéroux, 1991; Heckman, 1978, 1979). The Heckit estimator requires two important
assumptions: the joint normal distribution for €; and v;, which makes the control function
approach feasible; and an identification requirement that requires the inclusion of at least

one variable in the first step (Eq. (8b)) that is excluded in the second step (Eq. (8¢))®.

As the estimation heavily relies on the normality assumption, the estimates are
inconsistent if normality fails. There are several free-distribution estimators proposed as
an alternative to the full parametric Heckit. The most popular semi- and non-parametric
estimators follow the same two-step structure. We use the semi-parametric estimator
proposed by Ahn and Powell (1993). The idea behind it is very intuitive: the authors
showed that if two observations i and j have similar values for a single index generated
by a non-parametric kernel regression, then it is likely that subtracting both observations
will eliminate the selection bias without imposing any distributional assumption (Ahn &
Powell, 1993; Newey, 2009)°.

We estimate the selection or participation equation described by Eq. (8b), to capture
coffee growers in CCG93/97 census that continued coffee production in SICA

" For a survey of two-step parametric Heckit see Vella (1998), Lee (2008) and Puhani (2000). For semi-
and non-parametric estimators see Newey (2009) and Newey, Powel and Walker (1990).

¥ This ‘exclusion restriction’ has widely been criticized because there are frequently few candidates and is
possible to have nonlinearity in the inverse Mills ratio that makes such restriction unnecessary (Manski,
1989; Vella, 1998). Nevertheless, in a semi and no parametric context it is compulsory (Newey, 2009).

? More details are in the Appendix.
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(2008). The probability to continue coffee production in 2008 for a household i that was
active in CCG93/97 residing in municipality j is represented by

dii(zi; > 0) =y1 +v20; + ysn; + exjy, + xiys + myys +v; )

where ¢; captures violent shocks at the municipality level defined by the average of
Military Action of illegal groups against the civilian population between (1998-2008) per
100 people. As we are not able to observe the percentage of land allocated to coca
production at the household level (n;), we use an indirect approach to examine how the
conflict may create incentives to substitute coffee for coca. We include the percentage of
municipal hectares allocated to coca production, which captures the aggregated decisions

to shift to coca production (nj)

ex]-

represents the exclusion restriction vector. We use a natural experiment of
selection prompted by the earthquake in the coffee region in 1999. In particular, we use
the percentage of the population by municipality that lost their house and those who
suffered personal damage such as injures or death. Two observations support this choice.
First, the traditional coffee region was in the epicenter of the earthquake. Second, even
though policies from both Government and FNC where put in place to help coffee
growers, the resulting income transfers were transitory and did not constitute a permanent

income shocks (CEPAL, 1999). Thereby it is likely that the earthquake affected the

participation decision but not the allocation decision'.

X; 1s a vector of initial characteristics of households and land plots from the
CCG93/97 census. The vector includes the percentage of land cultivated in coffee,

number of coffee trees, the average age of trees, the crop density (number of trees divided
by hectares), and the size of the land plot. m; is a vector of municipality controls,

including land quality (UAF)'' and altitude (meters above sea level). To capture

economic shocks, we include the mean of relative prices of coffee with respect to other

' In the appendix we provide more evidence to validate the exclusion restriction.

"' The Unidad Agricola Familiar (UAF, Spanish acronym) is the measurement of the minimum plot size
required to earn a minimum wage, defined by the Government of Colombia on the basis of soil
characteristics.
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agricultural goods produced in each region during the period between 1993 and 2008,
As some households may have abandoned coffee production due to municipal level
dynamics, we control for changes in coffee production in the municipality during both
periods. By controlling for this variable, we are estimating the effect of conflict on
households’ decisions once municipal changes due to conflict and other dynamics are
accounted for. We measure institutional support with fixed effects for the presence of a
FNC regional committee and with the number of agricultural FNC’s technicians present
in the region. In addition, we include fixed effects for the four coffee natural regions and
the year when the CCG93/97 was carried out. For a subsample of households, we
estimate the regressions controlling for variables that capture the life cycle (age of
household head, age squared and number of household members between 15 and 65 years

of age), gender and education level of the head of the household.

After the estimation of the selection equation we proceed with the truncated
allocation equation described by Eq. (8c). Besides pushing households to abandon coffee
production, conflict may change the decision on the percentage of the land to allocate to
coffee production. Once a farmer decides to continue coffee production, she chooses the
number of hectares allocated to coffee production, to a non-risk crop and to coca. Thus,
we estimate the percentage of the farm cultivated in coffee in 2008 for household i

located in municipality j defined by

zij = Pr+ B2 + Bany + xiB + X7 B + M7 + v; (10)

In addition to the controls described above, we include a vector x; that describes the
characteristics of the households and the land plot from SICA (2008). In particular, we
include the number of coffee trees, the average age of trees, the crop density (number of
trees divided by plot size), and the size of the land plot. Hence, joint with X; we can

isolate the effect of initial conditions and other unobserved productive changes.

The selection equation may face a problem of endogeneity. On the one hand,

empirical observation shows that the presence of armed groups and the attacks against the

"2 n the relative prices index of coffee we use the prices of the main coffee substitute crops (e.g. plantain,
yucca, among others) from the nearest market.
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civilian population are not random. Armed groups seek to strengthen territorial control in
regions considered valuable for strategic purposes or political motives. These areas often
have potential to extract valuable resources, to provide funds to finance war activities, or
proof less costly to establish control (i.e. regions with political grievances, isolated
regions, or with difficult geographical terrain). If these variables are correlated with
unobserved dynamics that influence coffee production, the coefficient estimates will be
biased. Moreover, households are not only affected by the risk of violence, but can also
actively participate as soldiers (Blattman & Miguel, 2010; Justino, 2009; Nillesen &
Verwimp, 2009; Verwimp, 2003a). On the other hand, as the theoretical model shows,
the percentage of land allocated to coca production at the municipality level is

endogenous to the decision of coffee growers.

To deal with the endogeneity problem, we propose to use a just-identified model using
two instruments'>. First, we use the former territories occupied by Spain (1510-1561) that
were the object of land conflict in the period 1881-1931 for instrument our violence
approach. As we pointed out above, it has been widely shown that grievances related to
unequal land tenure determined the initiation of the current conflict in Colombia.
Territories where Spanish were initially settled, became later the main production centers
and the initial agricultural frontier led to high land concentration (LeGrand, 1988). This
variable is exogenous to coffee production because those territories where located along

all altitudes, not only in altitudes ideal for coffee production.

Second, we use the size of the land covered by rainforest (in 100000 hectares)
toinstrument presence of coca. Although coca production shares similar natural
conditions as coffee crops'”, the illegal crop is generally cultivated in isolated regions on
the agricultural frontier often covered by rainforest, where climatic conditions are highly
suitable and where it is easy to evade the rule of law and (Davalos et al., 2011). In

contrast, coffee is cultivated in open spaces near productive centers with large state

" In spite of the just-identified model yielding better results under potential weak instruments (Angrist &
Pishke, 2008), we also estimate the over-identify model using two extra instruments to check the robustness
of our results. See Appendix.

' The coca leaves grown in rainforest and subtropical rainforest are called yungas. The optimal altitude is
around 1000 to 2000 meter, with an average rainfall of 2000 mm, but it is possible to grow coca in altitudes
around 700 to 2000 with an average rainfall of 1000 to 4200mm (Mejia & Rico, 2010; Plowman, 1985).
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presence and low forest cover. The proportion of rainforest in the municipality is
exogenous to the coffee crop. This information was built using the land cover and
vocation soil studies launched by IGAC (Instituto Geografico Agustin Codazzi), which is

the Colombian institute for geography and cadastral information'.

4.2. Descriptive Statistics

Our purpose is to identify the impact of conflict on the decision to abandon/continue
coffee and on the share of land allocated to coffee production. In table 2, we report the
farm and household characteristics of growers of the entire sample, and divided by those
that drop and did not drop out of coffee production in 2008 using characteristics from the
CCG93/97 census. Results indicate that farmers who abandoned are systematically
different from those who continued. The differences between the two groups are
statistically significant at the 1% level for all variables. Coffee growers that abandoned
coffee production by 2008 had a lower number of trees, a smaller percentage of the land
plot allocated to coffee, had older trees and the density of trees was lower, yet the size of
the overall land plot was larger. Municipal characteristics also differ: the quality of land
in the municipality was slightly higher, the altitude was lower, the number of FNC’s
technicians was lower and the earthquake of 1999 affected more households. Although
relative prices of coffee were slightly higher, coffee production in the municipality
contracted. Attacks of armed groups and the presence of coca in the municipality are
more frequent in municipalities where household opted-out of coffee production. The
sub-sample with household characteristics for those that continued or abandoned coffee
are slightly different. Coffee growers that continued coffee production had a larger
percentage of male heads, with higher education levels, and had more household

members in their productive years, which presumably could support coffee production.

" In the Appendix we provide extra empirical evidence and descriptive statistics for our instruments.
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Producers that continued coffee production apparently became more efficient between
1993 and 2008. Table 3 reports production variables for these growers. Although the
percentage of land allocated to coffee production decreased from 63.5 to 60.6 percent, the
number of trees increased by 17 percent and density by eight percent. The age of coffee
trees shows that most farmers did not engage in renovation processes. Finally, the size of
land plots decreased slightly. Presumably, coffee growers who continued absorbed some

of the production loss those that opted out.

Table 3. Descriptive statistics: production between 1993 and 2008

Sample 1997 2008 Significance
Coffee trees per farm 5846.490 5427.975 6401.194 HA
[16510.374] [16148.112] [16962.724]
Cultivated coffee area (ha) 1.340 1.302 1.390 HA
[3.057] [3.120] [2.971]
Average age crop per farm 12.506 10.870 14.674 ok
[11.139] [10.409] [11.690]
Coffee crop density (treesxhta) 4307.630 4151.139 4515.044 HA
[1507.173] [1508.059] [1480.728]
Farm size (ha) 4.518 4.613 4.391 Ak
[13.742] [15.080] [11.733]
Farm Percentage cultivated on coffee 0.622 0.635 0.606 HAK
[0.358] [0.366] [0.347]
Observations 1164163 663536 500627

Notes — Standard errors in brackets. * Significant at 10%, ** significant at 5%, and *** significant at 1%. Two-side mean test
significance reported. Data source: CCS93/97 and SICA [2008].

Municipal characteristics for non-coffee regions, regions that abandoned altogether
coffee production, and regions that continued coffee production are reported in Table 4.
In contrast to non-coffee regions, coffee regions are geographically located in areas with
higher altitude and land with better quality. The average number of attacks of armed
groups is slightly higher for coffee regions, but the difference is not statistically
significant. The percentage of coca production in non-coffee productions is twice that of
coffee regions. Municipalities that abandoned coffee production are located in regions
with lower altitude, which shows that these regions were not the better suited for coffee
production. The fall in prices may have pushed out coffee production in the less suited
municipalities. Although coca production and dropping out of coffee are positively
correlated, the causality is not clear. It may be the case that farmers relied on coca
production after abandoning coffee cultivation or that farmers abandoned coffee
production to cultivate coca. The following approach establishes a causal effect of coca

cultivation on coffee production.

28



"(8002) VOIS PUe L6/€6SDD 291105 e "(8007) VIS 18 uoneutiour Aue Jnoyim pue /6/6SJ0 1 UONBULIOJUT (s

soniediotunu oy} [[e a1e Ino-doip s1omoI3 991300 "(8007) VOIS I10/pue £6/£6SDD oY} Ul UOTJBULIOJUT J[qe[IBAR Y3IM SIFE[[IA AU} [[& Aq pasodwiod are s10m013 991J00 sanifediorunyy "sa3e[[IA UBIQUO[O)) A} [[& dpnjoul
sonirediorunw o[oyp  (8007) VOIS PUB £6/£6SD)D :90In0S eje( Partodor 9ouedrjTugIs 1S9} UBdW OpIS-0M], "% 18 JUBOYTUSIS .y PUE ‘04C J8 JUBOLTUSIS 4y ‘040 1€ JUBOYTUSIS 4 'SIONORIQ UI SIOLD PIEPUL)S — SIJON

L 433 e 6SS €011 UONeAISSqQO
(L80°0) (o¥8°1) (€581 (€€8°1) (8¥8°1) UONRIAdD pIepue)s
840°0 80C'1 * 1160 Y611 ¥S0°1 BN
(8002-2661) Suonov Livjjiu 230124
L 439 %Y 6SS 2011 UOIBAISQQO
(€20°0) (980°0) (82€0) ($80°0) (ovz0) UONEIAdD pIEpue)S
€10°0 0200 - 7L0°0 0200 S$0°0 B
(8002-L661) (DY %) uoypanns p20) 23424}
S Sty See 0St S8L UoneAISsSqQO
(z68°L) (81€721) (1€5°20) (LLzzn) ($99°L1) UOIRIAdD pIepue)s
¥78°91 €01°0T -, 6LT9C L90°0T 8ILTT uBdN
(4vn) Gponb puvy
L R3%Y €0S 49 8501 UO1eAISSqQ
(£80°9¢$) (858°€09) (L1TEPsT) (092°509) (F¥ST911) UOHEBIASP pIEpUElS
* 1LSPP8 0T 0SE1 -, 1¥29001 LTS EPEL 0€€€8I1 uBdy
apmuy
J1p Jo'udig mo-doaq no-do.a( jou TP JOuSIS SIIMO0.I3 SIIMO.I3 sapiedunu
SIIMO.ID) IJJo) SIIMO0.I5) IPJOD) 33J30D) JION EE1 109 nv

19491 A1pediunw 9y} je sonsne)s IARdLIdSI(Q *§ dqe L

29



5. Empirical results

We find a significant impact of the risk of violence and the presence of illegal crops
on the decision to continue coffee production and in the percentage of the farm allocated
to coffee in 2008. Results are robust after dealing with endogeneity in the selection
equation. In line with our theoretical model, we find that coffee growers are more likely
to follow a corner allocation rule when they are exposed to high risk of violence and the
presence of illegal crops. After relaxing the distributional assumption in the fully-

parameterized Heckit, we obtain similar results.

5.1. The participation decision

Table 6 reports the results of the selection equation described in Eq. (9). For ease of
interpretation, coefficient estimates are expressed as marginal effects. The first four
columns show the Probit model specifications considered in our analysis'®: Firsz, we
estimate a naive Probit; second, we instrument the Average Coca cultivation (in % of
hectares) (1997-2008); third, we instrument Average military actions (1997-2008) (by
100 people); and fourth, we instrument both jointly. To assess the possibility of weak
instruments, we report the Linear Probability Model —LPM- that provides more

flexibility to test the validity of our instruments'’.

We estimate the LPM through Limited Information Maximum Likelihood — LIML. In
addition to having the same large-sample distribution as the standard IV-OLS, LIML
provides less biased estimators yielding more robust estimations in case of potentially
weak instruments (Angrist & Pishke, 2008). Furthermore, even though diagnostic tests to

detect weak instruments are analogous for the two estimation methods, they have

' Following McCullogh and Vinod (2003), we provide a discussion and extra statistical evidence on the
convergence for the non-linear Probit estimations. See the Appendix.

7" Although LPM ignores the discreteness of the dependent variable, producing problems such as
predictions above the unit circle and constant marginal effect (Gouriéroux, 1991; Maddala, 1983), it
provides a good guide to which variables are statistically significant and, in particular, it allows to tackle
extra problems that are difficult to solve in a non-linear model (Wooldridge, 2008)
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different (smaller) critical values (Angrist & Pishke, 2008; Murray, 2006)'*. In spite of
the absence of a unique criterion to conclude the presence of weak instruments, we report
a set of statistics that we consider informative: (i) over-identification test (Hansen J-
statistics); (i1) rank test (Kleibergen-Paap rk LM); (iii)) Wald F statistic for Weak
instruments (Kleibergen-Paap rk Wald) and (iv) the weak-instrument-robust inference
proposed by Anderson and Rubin based on a test of structural parameters that is robust to
weak instruments (Murray, 2006). We also compute the exogeneity test for both Probit

and LPM.

Table 5 shows the first stage results for the different model specifications. In general,

1" Instrument relevancy is

instruments are statistically significant at the 1% leve
confirmed by the under-identification tests, which shows that our instruments are not
only relevant but also exogenous in the selection equation (see Notes in Table 6). Even
though the Kleibergen-Paap rk Wald for PROBIT and LIML is not completely conclusive
on the potential weakness of our instruments in all specifications, several elements
strengthen their validity: (i) the magnitude of the coefficients after instrumentation does
not increase particularly strong; (i1) Weak-instrument-robust inference yields consistent

standard errors and (iii) Except for initial specification for Average military actions

(1997-2008) (by 100 people), the F-static for excluded instruments is above 10.

'8 We also estimate the 2SLS yielding similar results as the LIML, which shows the consistency of the
estimations (Angrist & Pishke, 2008). See the Appendix.

' Although the just-identified model may yield better results under potential weak instruments (Angrist &
Pishke, 2008), we use two instruments per variable. Two elements strengthen this decision: (i) we found
that results improve without affecting the exclusion restriction and relevancy; (ii) having two instruments
allow us to have extra evidence about the relevancy (e.g. it is feasible to compute the over-identification
test). Nevertheless, results for the just-identified specification are reported in the Appendix.
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The exclusion restrictions are statistically significant across the different
specifications in the selection equation. The natural experiment as a result of the 1999
earthquake seems to have effect in both directions; an increase of one standard deviation
in the mean of the percentage of people that lost their house decreases the probability of
continuing coffee production by -0.04, holding other variables to their means®’. However,
the opposite is true when we consider people who suffered any personal damage: the
coefficient is smaller but positive. These results allow us to identify participation

separately from allocation.”’

Tests for endogeneity provide evidence that the Average Coca Cultivation (in % of
ha) (1997-2008) could be treated as exogenous if we consider it as the unique source of

endogeneity ()((21) = 0.10). The Average Military Actions (1997-2008) (by 100 people)
has contradictory results when we test it using non-linear ( )((21) = 2.85) and LPM
0((21) = 5.90) models; similar results occur when we test both variables jointly (Probit -

XG2y = 2.93.LPM - x) = 6.05).

The correlation between the continuation of coffee cultivation and the mean of attacks
or the percentage of coca cultivated is negative. Before considering potential endogeneity
bias, an increase of one standard deviation in the mean of attacks and the percentage of
coca cultivated decrease the probability of continuation by -0.2 and -0.01 percent
respectively. Once we correct for endogeneity using our three different specifications, the
magnitude of the coefficients changes. If we consider violence as the unique source of
endogeneity (table 6, Column II), we find a similar magnitude for the marginal effect of
illegal crops and an increase in the effect of violence to -0.60. Now, considering both
variables as endogenous (table 6, Column III), increases the negative effect for both
variables: for violence we have a negative parameter of -0.60 but for the illegal crops it is
not significant (table 6, column IV). In general, the negative effect of violence is

equivalent to moving from the mean of the population who lost their house in the 1999

APr(y=1|% o o . o
20 % = Pr (y = 1|x, X — S?k) — Pr (y = 1|x, X + 57"") , Where, s, is the standard deviation.
k
*! Even though there is no explicit way to test this identification restriction, we carry out an extra analysis

similar to the over-identification restriction. See the Appendix.
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earthquake to 99™ percentile®*. Other controls confirm that the likelihood of the
continuation of coffee is lower for less productive farmers with larger land plots.
Furthermore, the technical assistance provided by FNC seems to constitute a strong

incentive to continue coffee production.

2 pr (y = 1|JE, X, — 57") — Pr (y = 1|9Z,9Ek + %") =~ Pr(y = 1|9Z,xj‘99) - Pr(y = 1|9E,9Ej), where X, is our
violence variable and X; population affected by the earthquake.
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Table 7 reports the result for the selection equation using the sub-sample with
household characteristics. Results are robust. Because the effect of the earthquake is
higher for vulnerable households, after including household characteristics the magnitude
of the effect of the exclusion restrictions (two consequences of the 1999 earthquake)
decreased or become not significant. Instrument validations and endogeneity are
analogous to the analysis presented above with the entire sample. In general, a one-
standard deviation increase in the average area under coca cultivation (in % of ha) (1997-
2008) yields a decrease in the probability of the continuation of coffee production of
around -0.01 to -0.02. Regarding the Average Military Actions, an increase on one-
standard deviation reduce the probability are around -0.02 and -0.03. Other controls have

similar magnitude and sign as for the whole sample.
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As we pointed out above, coffee growers who were exposed to high risks of violence
and to illicit crops are more likely to abandon coffee production. Therefore, even though
we could not identify the subsistence or illegal dropping out corner solution described by
our theoretical model, results provide strong evidence on the existence of an alternative
allocation rule as risk coping strategy against the risk of violence and illegal crops.
Likewise, the negative effect of being exposed to the risk of violence is higher than to the

presence of illicit crops.

5.2. The allocation decision

Abandoning coffee production is an extreme strategy households may adopt to
mitigate the impact of shocks or to reap the short-term benefits of coca production.
Farmers who continue coffee production may also change the percentage of land
allocated to coffee production, leading to changes in coffee production. Table 8 reports
the results for the allocation equation. Given the results from the selection equation, we
use four different specifications: (i) OLS; (ii) Heckit estimator without any endogeneity
correction in the selection equation (Heckit-I); (ii1) Heckit estimator assuming that only
the average military action (1997-2008) is the source of endogeneity bias in the selection
equation (Heckit-II) and (iv) Heckit estimator instrumenting average military actions and
average crop cultivation jointly (Heckit-III). We apply the same structure for the

subsample with household characteristics.

A contraction in the percentage of the farm allocated to coffee is correlated with an
increment in the percentage of coca cultivated in the municipality after correction for
sample selectivity. For the entire sample, an increase of one standard deviation of the
average military action (1997) is correlated with a drop of the percentage of land
allocated to coffee of -0.002 in the Heckit-I and -0.02 in Heckit-1I and -III. In the case of
the average coca cultivation, a one-standard deviation increase is correlated with a
decrease in the farm percentage allocated to coffee of -0.005 in Heckit-II and Heckit-III
respectively. Once household characteristics are included, coefficients increase. An

increase of one standard deviation in the average of military action (1997-2008) and in
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the mean of attacks is correlated with a drop of the percentage of the farm allocated to
coffee of -0.007 and -0.02 standard deviations respectively in Heckit-1 as well as Heckit-
I

Initial conditions from CCS93/97 have strong and consistent correlations with coffee
in the allocation rule in 2008. Two facts are noteworthy: first, the plot size and the farm
percentage allocated to coffee in CCS93/97 have the largest correlation among the
controls included; second, a crop renovation process is suggested by the negative
correlation of the average age of the coffee trees in CCS93/97. Presumably those coffee
growers who continue to grow coffee become more efficient. While the size of the farm
1s negatively correlated with the percentage allocated to coffee, the density and the age of

the crop are positively correlated.
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The ability of farmers to devise strategies that minimize the costs of conflict may
depend on initial assets, access to formal financial and insurance markets. Moreover,
larger producers or formal landowners may face larger costs from producing illicit crops
(i.e. loosing land property). Although the estimations control for asset ownership and
other variables that are constant over time, we can expect changes in asset composition,
access to credit and insurance markets from 1993/97 till 2008. Unfortunately, the
CCS93/97 and SICA did not collect information to control for these variables. As access
to credit, insurance and landownership is highly correlated with the size of land plots
(Rosenzweig & Foster, 2010), we estimate both regressions for three subsamples based
on the size of the land plot: (i) small producers (less than 5 hectares); (i1)) medium
producers (between 5 and 25 hectares); and large producers (more than 25 hectares).
Table 9 reports the results for the probability of continuing coffee and for the allocation
rule using the same specification as above.

Small producers living in regions with a large percentage of coca are more likely to
drop out of coffee. An increase in one standard deviation of the percentage of coca
reduces the probability of continuing by around -0.01 percent on average. Medium
producers exposed to high average municipality coca cultivation are also more likely to
abandon coffee. Once they decide to continue with coffee cultivation, they decrease the
percentage of their farm allocated to it. A one-standard deviation increase in the
percentage of coca reduces the probability of continuing by around -0.01 percent and
reduces the percentage of land allocated to coffee by around -0.004 on average.

An intensification of armed group activities is correlated with a reduction of the
probability of continuing coffee production for small, medium and large producers. In
fact, the impact for small producers is higher than for others: an increment of one
standard deviation in military actions is correlated with a decrease, on average, of -0.01
for small producers, -0.03 for medium producers and -0.06 for larger ones. The risk of
violence does not have effect on the allocation rule once large producers decide to
continue. By having access to financial markets and presumably owning a higher capital
stock, larger farmers may recur more easily to coping strategies. A one-standard

deviation increase in the average military actions (1997-2008) is correlated with a

reduction of the farm percentage allocated to coffee in 2008 by around -0.02 and -0.03

for small and medium producers respectively.
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5.3. Model validation

Our results and its underlying econometric assumptions have been tested for robustness
as much as possible. Two main assumptions have to be checked: the exclusion restriction
and the normality distribution assumption on observables and unobservables. The first
assumption was tested through its empirical and statistical relevance: we showed that the
natural experiment (the 1999 earthquake) had a significant effect in the selection
mechanism.

The normality assumption on observables is tested analyzing the linear prediction in our
selection equation and in the allocation equation, using the whole sample and the sub-
sample with household characteristics. First, we found that for both samples the index is
distributed roughly normally, with a slight negative skew. Results are confirmed using
the non-parametric kernel regression where we found a normal shape for all
specifications of the selection equation. Second, even though we have a peak in the right
hand side of the distribution, we can identify a normal distribution shape in the linear
prediction for the allocation equation using the different Heckit models described in
Table 8.7

We use the semi-parametric sample selection estimator proposed by Ahn and Powell
(1993) to test whether the normality assumption on unobservables could be restrictive.
Table 10 reports results for the entire sample and for the sub-sample with household
characteristics. In general, sign and magnitude of the parameters are consistent with the
full-parametric approach; it suggests the consistency of the causal relationship between
allocation rule, violent risk and illicit crops. For the entire sample, an increase of one
standard deviation in the average military actions reduces the farm percentage allocated
to coffee by 0.03 standard deviations. In contrast, in the sub-sample with household
characteristics we do not find a significant correlation with violent risk. Other controls
are also analogous to the parametric approach. We conclude that the assumption of

normality of the unobservables in the model is not restrictive.

# All parametric and non-parametric evidence is provided in the Appendix.
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In summary, the evidence appears to be quite robust. As predicted by our theoretical
model, coffee growers who are exposed to violent risk and to the presence of illicit crops
are more likely to abandon coffee production. Moreover, once they decided to stay, the
percentage of the farm allocated to coffee decreases in municipalities with illicit crops or

with violent risk.

6. Conclusions.

The paper examines the effect of conflict and illicit crops on production decisions of
coffee growers. Conflict may influence agricultural decisions through two channels.
First, by destroying assets, deteriorating human capital, reducing the provision of public
and private goods and increasing transactions costs, conflict has a direct impact on
agricultural production. Second, conflict may change the incentives to participate in the
production of illegal crops. The breakdown of the rule of law, the deliberate strategy of
armed groups to promote illegal crop cultivation, and a decrease in the profits from legal
agricultural production modify the returns of participating in legal versus illegal markets.

We developed a simple theoretical framework whereby we formalize these mechanisms.

We test how both channels affect the production of an export crop using a unique
panel dataset of Colombian coffee growers. Even though the institutional support
provided by FNC kept coffee growers isolated from the Colombian conflict for many
years, the coffee market crises, the increase of violence and the soaring of coca crops in
Colombia in the late 20™ century generated an unfavorable environment for coffee

cultivation. We argue that this prompted farmers to abandon or reduce coffee production.

We estimate a sample selection model using Heckit estimator (Type II-Tobit). We
address potential endogeneity bias in the selection equation for both violent risk and
illegal crops. To delve into this, four different specifications in the selection equation
were estimated, including three IV models. Instruments were validated through linear and

non-linear approaches.

We found a significant impact of violent risk and of illegal crops on the decision to

continue coffee production and on the farm percentage allocated to coffee in 2008.
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Results are robust after controlling for endogeneity in the selection equation. As
predicted by our theoretical model, we found that coffee growers are more likely to
follow a corner allocation rule when they are exposed to high violent risk and/or illegal
crops. After relaxing distributional assumptions in the full-parameterized Heckit, we

obtain similar results.
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