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Abstract 
 

Colombia differs from the rest of the world due to the amount of kidnappings and 

coca cultivation taking place. Using data between 1999-2008, this paper studies to 

what extent and in what direction there exists a causal relationship of coca 

cultivation on kidnappings. A study that has never been done in the previous 

published economic literature. A negative relationship would mean that policies 

implemented to reduce coca cultivation would also increase the number of 

kidnappings. A positive relationship, on the other hand would reduce the number 

of kidnappings. Using OLS-, fixed effects- and instrumental variable regressions, 

the results imply a negative relationship. Meaning implementing policies with the 

aim of eradicating coca production would come with negative externalities in the 

form of more kidnappings.  
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1. Introduction!
Colombia has long been struggling with the presence of an ongoing civil unrest and civil 

war.1 The coca cultivation, the kidnappings, the assassinations, the guerrilla groups, the 

paramilitaries, the forced displacement, the drug trafficking, the poverty, and the list goes on. 

These issues partly showcase what problems there are that might arise from inequality, a 

weak state presence and segregation within a country, among others.2  

With distinctive data from 1999-2008, collected by the United Nations Office on Drugs 

and Crime and Pais Libre foundation, I will investigate to what extent there exists a causal 

relationship of coca cultivation on kidnappings, in the hope that the diversity and complexity 

of the ongoing problems in Colombia will become somewhat clearer. Due to coca cultivation 

being the fundament in the value added chain in the process of making cocaine makes it 

hugely relevant when examining the cocaine industry and its consequences on the society. 

Here I will investigate if kidnappings are one of the consequences (UNODC, 2012). 

Furthermore, I will examine if coca cultivation substitutes for or complements the number of 

kidnappings. Studying this causal relationship has never been done in previous published 

economic literature.  

In 2011 the area used to cultivate coca in Colombia was 64,000 hectares, this was an 

increase of 3 percent since 2010. Two-thirds of the 64,000 hectares were concentrated to only 

4 of Colombia’s 32 departments – Nariño, Putumayo, Cauca and Guaviare.3 All of these high 

coca-producing areas lie below the annual average number of kidnappings, which were 9.53 

per department in year 2011 (Fondelibertad, 2012).4 Overall, departments with high coca 

cultivation tend to have a lower amount of kidnappings and vice versa. However, it’s 

currently unknown if the relationship is of a substitutive (negative) character or a 

complementary (positive) character. If external shocks, for example eradication policies 

implemented by the government cause the coca plantations to decrease, the current income 

will fall due to less coca being produced for the production of cocaine. On one hand, both 

coca cultivation and kidnappings serve as an income for the armed groups, meaning 

kidnappings can be for economic reasons. On the other hand, kidnappings can also be 
&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
<&For studies on the onset and/or continuation of civil wars see for example Elbadawi and Sambanis (2002)&and 
Collier and Hoeffler (2004). 
:&See Fearon and Laitin (2003) who discusses factors that explain why certain countries are at higher risk for 
civil wars.&
= <http://www.un.org/apps/news/story.asp?NewsID=42554&Cr=drugs&Cr1#.UKXmeWD-jTM>  
Accessed 2012-11-15 
> <https://www.google.com/fusiontables/DataSource?docid=1k7wtYz1pRcWD8agRfN2vz6bSetdOmNs99bYvE
qc> Accessed 2012-11-01 
&
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politically motivated (Rabasa and Chalk, 2001). My paper will not try to conclude what 

motivates the kidnappings, however an analysis from both perspectives will be made.  

I expect the relationship to be negative since the coca industry and the kidnappings are 

both sources of income. If the possible relationship turns out to be of a substitutive character, 

implementing policies with the aim of eradicating coca production would come with negative 

externalities. Meaning that eliminating coca production would increase the number of 

kidnappings. This outcome would imply that future policies implemented by the government 

in Colombia should hold consideration regarding this side effect. A positive link, being that 

kidnappings and coca cultivation are complementary “goods”, would demonstrate positive 

externalities on implementing coca eradication policies since it would also reduce the number 

of kidnappings. 
Over the years, a body of research has been highlighting associations between violence 

and drugs in Colombia. However, very little empirical work has sufficiently addressed the 

relationship between the shocking amount of kidnappings and the large amount of coca 

cultivation in the country.  

Bagley (2001) who discusses the impact of the U.S. and Colombian implemented 

policies against drugs in Colombia briefly mentions a substitutive character between 

kidnappings and coca cultivation. He mentions that increasing returns from kidnappings, 

extortion and revolutionary taxes, compensate for declines in the revenue coming from 

drugs. 5  Research mentioning a complement character between coca cultivation and 

kidnappings is Offstein (2003). Offstein is discussing the formation of and the change in the 

behaviour of the early guerrilla movements in Colombia. He states that as the guerrilla groups 

grew stronger and engaged further in the drug production, homicides and kidnappings also 

increased. After analysing trends, activities and events taking place from the initial formation 

of the groups, his conclusion is that the groups’ motivation is now illegal entrepreneurial 

activities rather than revolutionary political objectives. In comparison, both Bagley and 

Offstein who only briefly discusses a possible correlation between coca cultivation and 

kidnappings, my investigation will solely focus on the possible causal relationship of coca 

cultivation on kidnappings. 

I will use four different statistical approaches including OLS-, fixed effects-, 

instrumental variable- and an instrumental variable fixed effects regression. The instrument 

utilized will be the Colombian government’s aerial spraying program, which has been carried 
&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
?&Revolutionary taxes, equivalent of war taxes, can take many forms and is often practised by mafia, guerrilla 
groups and other movements. They are often applied to certain commodities. For more information about 
revolutionary taxes, see for example Naylor (1993).&
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out over the coca fields with the aim to eradicate the coca plantations.  

When asserting a causal relationship rather than just a plain correlation between coca 

cultivation and kidnappings, using an instrumental variable approach is a very reliable way to 

achieve an accurate analysis. However, since aerial spraying over coca plantations along with 

large numbers of kidnappings are unique to Colombia, it makes the analysis unique to this 

country in particular. Despite this, an analysis of this type might be of great interest, both for 

future research and policy makers alike, due to the ongoing issues regarding kidnappings and 

drug trafficking in Colombia (Miguel el al., 2004).  

The result of this study implies, in three of the four statistical approaches, that the 

direction of the relationship between coca cultivation and kidnappings are of a substitutive 

character. Better precision and a significant result is achieved in the OLS regression, implying 

that 1000 hectares less coca being cultivated will increase the number of kidnappings on 

average by approximately 1. If this examined negative relationship is close to the true 

relationship it is of economic significance, since external shocks against the cultivation of 

coca, like eradication policies, will be substituted with more kidnappings; a negative 

externality.6  

The general implied finding that coca cultivation is negatively related to kidnappings 

stands in contrast to previous research focusing on coca cultivation and its effects on the 

broader concept of “violence” (where kidnappings sometimes are included). These previous 

studies find the relationship between coca cultivation and violence to be positive. For 

instance, Dube and Vargas (2008) investigate how income shocks effect armed conflict in 

Colombia. They use data on municipality level, which include guerrilla attacks, paramilitary 

attacks, clashes and war-related causalities. The focus is on exogenous income shocks brought 

by fluctuations in world commodity prices and how these in turn have affected civil war 

dynamics in Colombia. They find that prices of labour intensive agricultural commodities are 

negatively related to conflict. Most of the attention is on coffee, which was the third largest 

export after oil and coal in 2000. Dube and Vargas view coca differently from other 

agricultural goods due to coca being an illegal good. However, they find that as the coffee 

prices fell, the farmers compensated by plating more coca, which in turn led to more violence 

in the coffee region. Showing a positive relationship between coca cultivation and violence. 

Holmes et al. (2006) studies if coca cultivation can explain different levels of violence 

in Colombia. In “violence” they include actions like extrajudicial killings, torture, 

&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
@&An outcome in economics is of economic significance if it shows whether or not a theory is useful, or if has 
consequences for scientific interpretation or policy practice (McCloskey and Ziliak, 1996)&
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kidnappings, disappearances and threats, to name a few. The tools used were historical 

analysis, cartographic visualization, analysis of trends in four high coca producing 

departments and four violent departments as well as a department level fixed effects analysis 

to study the effect of coca production on different levels of violence. Their study showed that 

the major factor explaining violence was not coca cultivation, but economic factors and coca 

eradication. Although coca cultivation wasn’t the main factor, the relationship to kidnappings 

was still found to be positive. 

Angrist and Kugler (2008) studied the effect on violent conflict after the air bridge to 

the U.S. was interdicted in 1994. Before 1994, most of the coca was grown in Bolivia and 

Peru. The air bridge was used to bring coca paste from these growers over to the Colombian 

refiners. As a response to the interdiction, coca cultivation moved from Peru and Bolivia to 

the countryside in Colombia. Using data from an annual survey of rural households, their 

study showed that these areas subsequently became more violent. Hence, the relationship 

between coca cultivation and violence was found to be of a positive character; an area 

growing more coca also became more violent.  

In research done by Mejía and Restrepo (2011) they try to unravel the causal impact of 

illegal drug markets on violence. They use two sources of exogenous variation. One related to 

environmental conditions and the other related to the assumption that external demand shocks 

could increase the levels of violence. Using data from Colombian municipalities they found 

that a 10 percent increase in the value of coca cultivation increased the homicide rate by 1.2 – 

2 percent and the forced displacement by 6 – 10 percent. While Mejía and Restrepo are 

focusing on the value of coca, I will focus on the amount of coca being produced. I expect the 

amount of coca to pick up the relationship to kidnappings better since the armed groups 

performing kidnappings don’t get their revenue from the value of coca but from taxes on the 

coca paste and cocaine base (Offstein, 2003, UNODC, 2012). 

While the studies of Dube and Vargas (2008), Holmes et al. (2006), Angrist and Kugler 

(2008) and Mejía and Restrepo (2011) are examining the coca industry and its effect on the 

broader concept of “violence”, my study is isolating kidnappings from this concept and 

investigating if the direction of the possible causal relationship of coca cultivation on 

kidnappings is the same or the opposite. 

 The remainder of the paper is organised as follows. Section 2 will contain a brief 

historical review. Section 3 is devoted to a discussion about the theory, data, empirical- and 

statistical strategy as well as descriptive statistics. Section 4 will show the results using the 

mentioned statistical approaches. Section 5 concludes the paper.  
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2. Background 
The main identified groups performing kidnappings and engaging in the coca cultivation in 

Colombia are FARC, ELN and the paramilitaries. Beneath follows a concise description of 

these armed groups and a brief review over the coca cultivation and the coca industry. 

The Guerrillas 
While homicide rates began to decrease after the mid 1990s, kidnappings intensified 

considerably during the same period. In the year 2000 an estimated 60 percent of all 

kidnappings in the world took place in Colombia and leftist guerrilla groups were held 

responsible for half of them (Gaviria and Velez, 2001). After 2000, the United States stepped 

in to help the Colombian government in the fight against the guerrilla.7 From that year and 

onwards the number of kidnappings decreased and in 2011 they where recorded at 305, 

compared to the earlier 3572 in year 2000 (Fondelibertad, 2012).8  

The two main guerrilla groups are FARC (The Colombian Revolutionary Armed 

Forces) and ELN (National Liberation Army). Both groups are known to receive their income 

through kidnappings, as well as the cultivating and processing of illegal drugs and also 

through extortion of companies and civilians in the country (Offstein, 2003).9 Before the 

guerrilla started with drug trafficking in the 1980s, most of their income came from 

kidnappings and from a sparsely concealed form of extortion called “revolutionary taxes”. An 

estimation made during the period 1991-1996 showed that 22 percent of the guerrilla groups’ 

income came from kidnappings (788 billion COP) (Rabasa and Chalk, 2001).10   

The rural-based FARC was the first of these movements and was formally established 

in 1964. Today, FARC is still the strongest and most powerful guerrilla movement in 

Colombia. ELN also formed in the 1960s. While ELN was organised in the northeastern 

departments of Colombia, FARC was active in the southern departments. The claimed main 

objectives for both armed groups were to improve working conditions and wages in the 

agricultural areas, as well as to fight lawlessness (Offstein, 2003, Shifter, 1999). Moreover, 

they are known to espouse an anti-U.S. and Marxist ideology with an aim to overthrow the 

&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
A&<http://colombiareports.com/colombia-news/fact-sheets/24638-colombia-kidnapping-statistics.html>  
Accessed 2012-11-01  
B <https://www.google.com/fusiontables/DataSource?docid=1k7wtYz1pRcWD8agRfN2vz6bSetdOmNs99bYvE
qc> Accessed 2012-11-01. 
C The formation of these leftist guerrilla groups can be traced back to la violencia (1948-1957). For further 
information, see Offstein (2003) or Sweig (2002). 
<;&When the local governments started receive a larger part of the country’s budget after the decentralisation 
reform in the 1980s and 1990s, it made the employees of the local governments a more vulnerable target (Rabasa 
and Chalk, 2001).&
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Colombian government.11 However, various authors define these groups, based on their 

activities, as criminal organisations rather than ideological driven movements (Offstein, 

2003). FARC and ELN are both included on the U.S. State of Department’s list of foreign 

terrorist organisations (Hanson, 2008). 

According to Offstein (2003) the political idleness and the shift towards illegal activities 

by the guerrilla movements can be explained through a number of factors. These include the 

stronger military counter-guerrilla operations in the 60s-70s, loss of leadership through death 

followed by increasing internal dissent, the government’s implementation of agricultural 

development programs and a decreased international support for the movements.12 Parallel to 

this, the drug trafficking in Colombia started to gain momentum (Offstein, 2003). 

During this period, with the political inactivity and a growing illicit drug industry the 

debilitated guerrilla groups and the drug cartels formed a mutual relationship. The guerrilla 

groups (especially FARC) could offer the drug producers rural territories with protection. Due 

to these areas being incredibly isolated meant the illicit drug industry was free to grow with 

little fear of military and government intervention. First the guerrilla groups provided 

protection to the marijuana fields, and later the coca fields, laboratories and areas for exports. 

In exchange the guerrillas got a share of the profits, weapons and logistical support (Offstein, 

2003). 

Comparing the sources of income between the groups from year 1994, FARC received a 

larger portion than ELN from the drug industry (169.4 US million compared to 50.8 US 

million). ELN in turn tended to earn more of its revenue through extortion (98.0 US million 

compared to FARC’s 16.9 US million). Both received an equal amount from kidnappings 

(72.6 US million). Although these numbers are rough approximations, it demonstrates how 

much revenue these movements can make. For further information regarding sources of 

income, see table A:3 in appendix (Offstein, 2003). 

The Paramilitaries 
In the early 1980s, landowners and drug lords formed several paramilitary groups, for 

protection against the guerrillas. Members of Colombia’s military and many local politicians 

embraced this formation since at this point in time, it was legal to form civil defence groups 

for confronting of the guerrillas and for support of the army. Yet, the activity did expand 

&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
<< <http://edition.cnn.com/2012/08/28/world/americas/colombia-farc-facts/index.html> Accessed 2012-12-01. 
<:&The implementation of agriculture development programs changed the structure of the rural population, by 
causing a bigger urban migration. This was partly due to an increase in physical capital, meant for mechanizing 
the agrarian sector. As more people moved into the cities, the support for the guerrillas also diminished 
(Offstein, 2003).  
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through various forms of violence and the newly formed paramilitaries also started to attack 

civilians and government employees in an attempt to influence the politics. As a consequence, 

the paramilitaries became illegal in 1989. In 1996, various groups mobilised and formed 

Colombia’s largest and most powerful paramilitary group, United Self-Defence Forces of 

Colombia (AUC) (UCDP Conflict Encyclopaedia, 2012, Holmes et al., 2006). 

AUC started justifying their activities by saying they were defending Colombia against 

communism and disintegration but many researchers are convinced that AUC’s interest were 

in the drug industry (UCDP Conflict Encyclopaedia, 2012). In the year 2000, AUC’s former 

leader Carlos Castaño Gil admitted in a televised interview that his forces who are “fighting 

in self-defence”, regularly charged a 40 percent tax on the coca farmers (Bagley, 2001). 

Sanín (2008) states that the main difference between the guerrilla groups and the 

paramilitary is the selection of violence. While FARC concentrates more on kidnapping, AUC 

concentrates more on assassination. Though during year 1999 AUC had a six-fold increase in 

their kidnappings adding up to approximately 120 hostages. The paramilitaries are typically 

less concerned with ideology than the guerrillas, but do adopt anti-communist doctrines 

(Bagley, 2001). 

In 2003, president Alvaro Uribe signed a peace deal with AUC and over the next five 

years, 31,000 paramilitary combatants were disarmed. In 2007, Uribe told the United Nations 

that “today there is no paramilitarism. There are guerrillas and drug traffickers”. But many 

disagree with this statement, including the UN. The International Crisis Group states that 

however one chooses to label the existing groups, they are all involved in drug trafficking and 

other illegal activities (Hanson, 2008). 

The Coca Cultivation 
The illegal drug production boomed in the mid 1960s. Since almost all the production is 

driven by the demand in United States it didn’t start with coca - but with marijuana.  Back 

then, 75 percent of all the cannabis used in the U.S. came from Colombia. Initially, the coca 

leaf was only processed in Colombia and imported from Bolivia and Peru. When the 

Colombians began to grow coca in the early 1980s (when the cocaine-boom began) it quickly 

expanded, taking up approximately 10 to 25 percent of Colombia’s exports. In year 2000, 

160,000 hectares of coca were cultivated and 700 ton of cocaine had been produced – more 

than 80 percent of the world’s total production (Holmes et al., 2006, Linton, 2010, p. 33, 73, 
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131).  Today, consuming coca remains legal in some parts of Colombia, but cultivation is 

illegal.13 

From the year 2001 to 2011, nearly 600,000 hectares of coca have been cultivated. One 

household (where the average number of people is four) annually cultivates approximately 

0.5-1 hectares of coca. In 2011, around 62,400 families in Colombia were engaged in the coca 

cultivation. The department of Nariño, with its long coast, high mountain range and rural 

economy, hosts the largest area cultivating coca in Colombia (27 percent). The regularity of 

the coca crops depends on several factors including climate, quality of the soil, use of 

herbicides, pesticides and fertilizers, manual eradication and aerial spraying. Another factor 

determining the cultivation is the fluctuating demand on the market of coca. In 2011, 54 

percent of the coca growers in the Sur de Bolivar region reported loss of their cultivation and 

the largest contributing factors were aerial spraying followed by weather conditions 

(UNODC, 2012). 

According to the UNODC, although coca cultivation does not give any capital 

accumulation it has become an important form of generating an income for the rural 

households. When comparing legal agrarian production to illegal coca production, the area of 

Putumayo – Caquetá is the only place where the income of the legal cultivation exceeds the 

income of the illegal production. In the areas of Meta – Guaviare and Arauca – Vichada, the 

gross income received by illegal production is more than two times higher than the income 

received by legal production (UNODC, 2012).  

The production of cocaine is a value added chain where the cultivation of coca is the 

fundament. After harvesting the leaves it continues with the production of coca paste and 

cocaine base. Followed by the procedure of refining the base into the final product – cocaine 

hydrochloride. The farmers have the main role when it comes to the sowing, growing and in 

the making of coca paste and cocaine base. Thereafter, the production requires more 

knowledge, infrastructure and chemical foundations, so other skilled people linked to the drug 

trafficking are brought in (UNODC, 2012).  

The average net income that farmers receive from selling coca leaf is around 2 USD per 

day, which is close to the international poverty line of 1,25 USD per day.14 In relative terms, 1 

percent of the market price goes to the farmers, 4 percent go to the groups who are processing 

the cocaine powder, 20 percent go to the drug traffickers and the armed groups. The rest goes 

&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
<=&<http://www.economist.com/node/17967082> Accessed 2012-12-10&
<>&Dhttp://colombiareports.com/colombia-news/economy/27571-colombia-govt-poverty-figures-show-harsh-
regional-inequality.html> Accessed 2013-01-15&
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to the distributers controlling the markets in the U.S. and Europe. For 1 gram of 100 percent 

pure cocaine, it takes 1,2 gram coca paste. With the street price in Europe and the U.S., one 

farmer’s daily harvest could be sold for the retail price of 14,000 euros.15 Being that coca is 

an easy plant to harvest since it grows well in bad soil, produces four harvests a year and has a 

market that comes to the door – it’s an easy option for farmers that need an income (Linton 

2010, p.73, 77). 

The process of making cocaine is relatively similar across the departments in Colombia 

and the income of a farmer is determined by how much of the cocaine producing chain the 

farmer is engaged in. The national average in 2011 was 56 percent of the coca farmers sell the 

leaf fresh, 27 percent process the leaves to make basic paste, and 17 percent make cocaine 

base. The price of cocaine base is 45 percent higher than that of coca paste, mainly due to the 

use of potassium permanganate. 16 As the farmer adds potassium permanganate to the paste, 

it’s transferred to cocaine base (UNODC, 2012). 

In 2011, the farm gate value of the coca leaf and the making of coca paste and cocaine 

base made up approximately 0.2 percent of Colombia’s total GDP. Over the years the farm 

gate value has been stable since the armed groups and drug traffickers set the price within the 

areas they operate in. The majority of the farmers do not have any say in the price setting 

(UNODC, 2012).17 

3. Theory and Strategy  

The Economic Perspective and the Political Perspective 
Civil wars and the rise of rebellion, powered by opium in Asia,  ”blood diamonds” in Africa 

and coca in South America has lead to studies investigating if these wars are driven by 

”greed” or ”grievance”. The expressions “greed” and “grievance” originates from the most 

influential work on this issue, by Collier and Hoeffler (2000) (Peceny and Durnan, 2006). 

The kidnappings carried out by the armed groups in Colombia could be both due to 

“greed” (financial motivations) and “grievance” (political motivations). My analysis will be 

&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
<? In Colombia, the average purity of cocaine base is 81 percent (UNODC, 2012). Linton (2010) mentions the 
price in Swedish Krona (140,000 SEK). 1 SEK in 2010 was approximately 0.1093 euros. 
<http://www.exchangerates.org.uk/SEK-EUR-01_12_2010-exchange-rate-history.html > Accessed 2012-11-25.  
<@&Potassium permanganate is mainly used to control taste, odours, remove colour and to eliminate iron and 
manganese. <www.epa.gov/ogwdw/mdbp/pdf/alter/chapt_5.pdf> Accessed 2012-12-03. 
<A&To fight the expanding drug production (among other issues), the Colombian Government along with the U.S. 
initiated a program called Plan Colombia, for more information on this see for example Veillette (2005).  
&
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carried out from both perspectives and with this in mind, one can think of the relationship 

between coca and kidnappings taking on the characteristics of substitute or complementary 

“goods”. Looking at two social issues from this point of view is rare but has previously been 

done by Apergis (2000) who investigated if government investment and private investment in 

Greece are complement or substitute goods. Also, a number of researchers such as Kojima 

(1975) and Fontagné (1999) have studied if foreign investment and international trade are 

complements or substitutes.  

In economics, when talking about complementary and substitute goods, it is often in 

relation to the demand and supply of goods. Demand of a good is driven, not only by its price, 

but also by how much the complement and substitute goods cost. A complementary good is a 

good that’s consumed along with another good. If the price of one good goes up, you will also 

be more reluctant to buy that other good, a positive relationship (Perloff, 2011, p.10).  

In this paper, when thinking of kidnappings and coca cultivation as complementary 

goods, it is not goods that someone is looking to buy, but actions taking place. If an external 

shock happens (i.e. an eradication policy) and reduces coca cultivation the armed groups will 

receive less income and they would plausibly rebel against the policy itself.18 If downfall in 

coca cultivation directly affects the number of kidnappings by less kidnappings taking place, 

the amount of this “good” will lessen as well.  Making kidnappings and coca complementary 

“goods”. The idea behind this reasoning could be that a loss of income coming from the drug 

industry will decrease the power of the guerrillas/paramilitaries, which will lead to fewer 

resources being allocated to kidnappings. If the policy itself reduces the amount of 

kidnappings it could be that the armed groups choose to show their grievance through other 

substitute activities such as assassinations. Furthermore, a positive link, being that 

kidnappings and coca cultivation are complementary “goods”, would demonstrate a positive 

externality on implementing policies for eradication of coca since it would also reduce the 

number of kidnappings.19  

Substitute goods are goods that are used in place of another. If the price of one good 

goes up, one will consume more of the other good – a negative relationship.20 If an external 

shock happens and reduces the coca production, the groups would want to replace the former 
&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
<B&An external shock could be either climate conditions, fluctuating demand on the market of coca, policies by 
the Colombian government, among others.&
<C&When actions affect other matters than they were meant to affect, it is an externality. A negative externality 
harms while a positive externality helps (Perloff, 2011, p. 565). When mentioning the positive externality it’s 
only in regard to the reduction of kidnappings. To what extent, and if the kidnappings are substituted for other 
illegal activities is yet unknown.&
:; <http://economics.about.com/od/demand-and-the-demand-curve/ss/The-Determinants-Of-Demand_4.htm> 
Accessed 2012-12-03&
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income with a new one, kidnappings potentially being one of the substitutes. On the other 

hand, kidnappings could increase due to grievance. Hence, a negative link between the coca 

production and kidnappings would demonstrate a negative externality involved in 

implementing policies with the aim to eradicate coca production. This outcome would then 

imply that future eradication policies implemented by the government in Colombia should 

hold considerations regarding this side effect.  

If the kidnappings are done due to economic reasons, it’s not only the government’s 

policies which would trigger a change in the number of kidnappings, but any external shock 

such as weather or plagues would trigger them too. The political perspective might be even 

more related to the issues in the country of Colombia and may be the primary reason for why 

the armed groups started exercising kidnappings in the first place. Although, some research 

suggests that over the years, the main guerrilla groups in Colombia have lost political 

motivation and members are now joining purely for economic reasons (Offstein, 2003).  

However, if members join due to economic reasons, the fact that they are joining in the 

first place can plausibly be traced back to other problems in the country – such as poverty, 

lack of state presence, inequality, unemployment etc. Miguel et al. (2004) mention in their 

research that negative growth shocks in Africa make it easier for armed groups to recruit 

members, due to underemployment. This runs parallel with the economic hypothesis. Collier 

and Hoeffler (2004) investigate the initiation of rebellion and use a cross-sectional analysis of 

98 countries between the years 1960-92. They mention that political science offers an account 

that rebellions are initiated adequately by grievances. Then refer to Grossman (1991, 1999) 

who states, “the insurgents are indistinguishable from bandits or pirates”. In other words, 

rebellions are motivated by greed rather than grievance. Collier and Hoeffler found that 

political and social variables have little explanatory power in contrast to the economic 

variables; showing noticeably more explanatory power.  

Peceny and Durnan (2006) state that the literature given on rebellion driven by greed 

rather than grievance cannot fully be applied on the civil war in Colombia. Moreover the 

theory cannot explain the origins and the ongoing ideological concept that FARC has. They 

also state that the character of coca and how it shapes the opportunities for the armed groups 

is another reason why grievance rather than greed motivates the combatants. Yet, they later 

say it’s difficult to disentangle whether FARC is driven by greed or grievance. 

Saskiewicz (2005) states that the recruitment of uneducated and non-ideologically 

driven fighters, a weakened leadership, along with increasing operations which takes time 

from the political indoctrination of the guerrilla combatants, are all reasons for the weakened 
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political structure of FARC. However, Saskiewicz argues that despite these factors, FARC 

have not given up its ideological believes and the group’s aim is still to overthrow the 

government and establish a regime founded on the Marxist ideology.  

Distinguishing whether kidnappings are due to greed or grievance would be of great 

importance whilst creating and implementing policies, because each could require a different 

strategy for addressing the same problem. For example, if kidnappings were purely due to 

greed, legalization of coca cultivation could potentially offset the number of kidnappings. 

However, if they were due to grievance perhaps the offer of some kind of political standing 

may achieve the same result.  Yet, my paper will only estimate to what extent and in what 

direction changes in coca cultivation affects kidnappings. A conclusion regarding what 

motivates kidnappings will therefore not be made. 

Statistical Framework 
Bellow follows information of the statistical methods used in this paper. Why they are used 

and their weaknesses will be discussed. I will start with a regular OLS and then move on to 

fixed effects and an instrumental variable method. These are methods developed for 

eliminating threats to the internal validity, threats that an OLS regression alone can’t mitigate. 

Why I use the OLS and don’t move on to these methods straight away is because an OLS 

regression holds many desirable properties and has become a “mutual language” for studies 

using regression analysis due to it being the most common method used. If the OLS 

regression has unbiased and consistent coefficients and standard errors yielding confidence 

intervals within the required confidence level, the OLS estimate will be internally valid (Stock 

and Watson, 2012, p.159, 161, 164, 381). 21  

However, one threat to the validity of the OLS estimate is that if the regressor by any 

chance is correlated with the error term. A regular OLS treats each observation as 

independent and if the regression over predicts the coca cultivation’s effect on the number of 

kidnappings one year, it may also over predict the estimate for the other years. A result is that 

the information given will be less, since the overstatement of the estimator and its accuracy 

can be exaggerated (Cameron and Trivedi, 2005, p. 702). This is normally a problem since 

what happens one year tends to be correlated with what happens the year after. If a regressor 

is correlated over time for a given entity – then the regressor is said to be autocorrelated or in 

&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
:<&The robust standard errors used are called White/Huber estimators or sandwich estimators of variance. 
<http://nd.edu/~rwilliam/stats3/Panel04-FixedVsRandom.pdf > Accessed 2012-11-35. The term unbiased refers 
to the estimator having a sampling distribution centered on the regressor of interest in all sample sizes. 
Consistency means that the estimator converges to the population parameter as the sample size grows (Angrist 
and Krueger, 2001)&
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other terms serially correlated. In general, as long as some omitted variables are serially 

correlated, the error term will be the same. With autocorrelated errors, the usual 

heteroskedasticity-robust standard errors become non-valid since they assume there’s no 

serial correlation (Stock and Watson, 2012, p. 405). Since the measurement of coca 

cultivation is partly based on a historical series of coca cultivation within an area, the 

possibility for the variable being serially correlated is almost certain (UNODC, 2012). 

Controlling for factors such as specific department traits fixed over time and for factors 

that are constant across the departments but change over time will help reduce another threat 

to the internal validity – the threat of omitted variables. This along with controlling for 

autocorrelation is something a fixed effects regression can help solve (Stock and Watson, 

2012, pp. 402 – 405). 

In a fixed effects (FE) regression so called clustered standard errors (instead of the 

usual heteroskedasticity-robust standard errors) are used. Clustered standard errors allow the 

regression errors within a cluster (here departments) to be correlated over time. It also allows 

for the variables to be dependent (hence also autocorrelated) within the departments. Across 

departments the errors and variables are still assumed to be uncorrelated. They are also robust 

to heteroskedasticity (Stock and Watson, 2012, p. 404, 406). 

Using the method of FE requires panel data. Panel data is when many individuals (here 

departments) are observed at various points in time and every time period is seen as a separate 

observation. FE is the main tool for regression analysis of panel data. The panel in this 

analysis is a so called short panel with less time periods than individuals (Cameron and 

Trivedi, 2005, p. 207, 715, 721). When pooling the years and departments, the risk of 

collinearity will be reduced. It will also lead to a gain in the degrees of freedom and 

efficiency. The ability to focus on the dynamic effects, both across departments and across 

years will be made easier (Gujarati, 2003, pp. 637–38). 

Using a FE model, one can control for unobserved heterogeneity that may be correlated 

with the regressors. These unobserved factors vary across entities (here departments) but not 

over time and could cause omitted variable bias if not included (Stock and Watson, 2012, p. 

405, Cameron and Trivedi, 2003, p. 697). The fundamental relationships across the 

departments are assumed to be identical, hence the slope of the coefficients are therefore the 

same but with varying intercepts. In the different intercepts lies unobservable and fixed 

departmental traits. This means that factors that could potentially be fixed; such as state 

presence, locally determined policies, history, culture, existence of alternative crops, altitude 

and natural conditions can be controlled for since they are indirectly incorporated into the 
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analysis. In this way, one can reduce the bias caused by unobserved heterogeneity (Holmes et 

al, 2006).22 

One can also chose to estimate a model with random effects (RE) instead of fixed 

effects. However, many considerations have to be taken into account when choosing method. 

The most important consideration is if the error term is correlated with the regressor 

(Wooldridge, 2002, p. 288). If the unobserved departmental heterogeneity were independently 

distributed of the regressors, culture or history in one department would not depend on the 

culture or history in another department. If a certain guerrilla group operates in a certain area, 

covering several departments, the unobserved heterogeneity is most probably not 

independently distributed.  If it had been more likely for the omitted variables to be 

uncorrelated with the regressors, then a RE model probably would have been appropriate. 

That is, the activity of a guerrilla group is randomly distributed over the departments. 

Plausibly, this is not the case since, as mentioned in section 2, FARC and ELN do operate in 

different parts of Colombia and are covering several departments. 

Another reason for choosing FE instead of RE is that in a RE model, the standard errors 

are smaller with the trade off being that the result is more likely to be biased. With a FE 

model, you control for the values of variables that do not change over time, instead of with 

RE where you estimate the effects of them. These effects are more likely to be biased when 

not controlling for the values of the variables (Cameron and Trivedi, 2005, p. 711).  

In a FE regression, the idea is that the omitted variables will have the same effect in 

different points in time, meaning the effect will be fixed. For this to be true the omitted 

variables must contain both time invariant values and effects. Meaning that the value of the 

variable can’t change and it must consistently have the same effect over the entire observed 

period. This could for example be a policy that doesn’t change and affect a given department 

in the same way over the years (Cameron and Trivedi, 2005, p. 702). 

Using a FE regression leads to restrictions in the interpretation, since the estimate will 

bring a conditional estimate controlling for individual effects. Therefore extrapolation won’t 

be an option and a prediction is only possible for those individuals in the sample. RE is an 

example of population-averaged analysis and extrapolation can be made. The aim with this 

thesis is not to extrapolate the result on other countries/areas since the large amount of coca 

&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
::&Note that the exemplified variables need to stay fixed over the observed period for being indirectly included 
(Stock and Watson, 2012, p. 396).&
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production along with the huge number of kidnappings is specific to Colombia. Meaning this 

won’t be a problem for the analysis (Cameron and Trivedi, 2005, p. 717).23 

With a balanced panel of 23 different departments and 10 different time periods I will 

first conclude a regular FE regression. Here the fundamental idea is that if an omitted variable 

does not change over time, then fluctuations in the number of kidnappings cannot suffer from 

omitted variable bias caused by this variable (Stock and Watson, 2012, p. 396). I will later 

combine this with so called time fixed effects. This means that even if factors evolve over 

time, but in the same way for each department, this effect can be eliminated. Examples could 

be technological changes such as improved techniques for harvesting, changes in national 

policies or external effects such as wars and conflicts (Gujarati, 2003, p. 643). So in 

comparison to a FE regression controlling for variables constant over time, but vary between 

the departments, time FE can control for factors that are constant across the departments, but 

changes across time (Stock and Watson, 2012, p. 400).  

The entity and time fixed effects model are a variant of the multiple regression model 

and can be estimated by including time binary variables into the OLS. With a relatively large 

number of observations, hypothesis tests, confidence intervals and F-tests can be utilized 

assuming the FE estimator to be asymptotically and normally distributed (Stock and Watson, 

2012, p. 402, 404).24 Though, a downside when including time-binary variables into the 

regression analysis is the degrees-of-freedom problem. Which means that the standard errors 

could get larger, especially if the number of observations is limited (Gujarati, 2003, p. 646, 

Stock and Watson, 2012, p. 115). Also, even if the FE estimator can improve plain cross-

sectional methods, it is still quite limiting when it comes to uncovering a true causal effect 

(Bjerk, 2009). If omitted variables vary both over time and departments, then entity and time 

fixed effects will be inconsistent since the estimated effect of coca cultivation on the number 

of kidnappings still might suffer from omitted variable bias (Stock and Watson, 2012, p. 411).  

Besides omitted variables, another threat to the internal validity is measurement error 

and errors-in-variables bias (Stock and Watson, 2012, p. 370). The variable potentially having 

the biggest measurement error is coca cultivation. Given that farmers over the years have 

developed methods for disguising plantations (i.e. hide coca bushes among other legal 

plantations) and that the weather conditions play a role (with clouds, there will be no imagines 

&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
:=&The Hausman Test shows a p-value of 0,000, implying FE is appropriate. For further information about the 
test, see Cameron and Trivedi, 2005, p. 271. Also see appendix (table A:4) for results. 
:>&Asymptotic distribution means that approximations become exact in the limit when the observations go to 
infinity. Estimates using 30 observations can be accurate and since sample sizes used in econometrics are usually 
in hundreds or thousands, an asymptotic distribution can be expected to hold a very good approximation to the 
exact sampling distribution (Stock and Watson, 2012, p. 89). 
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of the cultivations) it’s more than likely for the numbers to be inaccurate. Also technological 

changes could lead to bias, since measuring and discovering plantations could have become 

better over the years. Yet, farmers could also have developed better techniques for hiding the 

plantations. If this measurement error/bias is correlated with something outside the model, it 

could threat the internal validity. If it’s uncorrelated it could lead to bigger standard errors. If 

it’s systematically underestimated then the only problem would be coefficients that are harder 

to interpret (Angrist and Krueger, 2001). Also, the reported numbers of kidnappings may 

conceivably consist of hidden statistics, one example being that families could out of fear 

chose not to report a kidnapping. On the other hand, when family/friends do chose to report 

the kidnapping, it would be relatively easy to keep a record on. 

 Simultaneous causality is another threat to the internal validity since it makes the 

regressor correlated with the error term and the OLS will therefore be biased and inconsistent. 

Simultaneous causality occurs when the causation between the dependent and independent 

variable goes both ways. Here it would mean that not only coca cultivation have an effect on 

the number of kidnappings but also that the number of kidnappings have an effect on the 

amount of coca being cultivated (Stock and Watson, 2012, pp. 366-368).  

It is a possibility that the number of kidnappings could affect the coca cultivation, 

although it’s not as likely. Seeing it from the economic perspective, if the armed groups have 

a major influence of how much the coca farmers grow, they could force them to grow more if 

the income from kidnappings is not enough. The other way around where the armed groups 

would force the farmers to stop growing coca if the kidnappings are bringing enough income 

would be harder to believe. Hence, if causality goes the other way, there’s more reason to 

believe the relationship is positive. More kidnappings would make the armed groups more 

powerful and would in turn probably gain a larger control of different areas and henceforth a 

larger control over the farmers. A farmer could also choose to stop growing coca due to fear 

of being kidnapped. Although, it’s more reason to believe that a farmer would choose not to 

engage in the coca production due to fear of other forms of violence such as assassination. 

Another perspective could be that if kidnappings were weakened or terminated due to 

stronger policies/enforcements from the government, those resources would most likely be 

directed towards other illegal activities, coca cultivation/processing being one of them.  

Mejía and Restrepo (2011) mention the reverse causality problem in the case of 

violence and cocaine production. The argument used is that if conflict destroys the 

infrastructure needed for legal production, it would force people into more isolated areas and 

then shift to cocaine production, where coca cultivation is an endogenous variable. Although 
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kidnapping can be seen as a form of violence, this argument would probably refer to other 

activities being considered violence.  

In sum, three important threats to internal validity are omitted variable bias, 

simultaneous causality bias and errors-in-variables bias. Using an instrumental variable (IV) 

approach to estimate the effect of coca cultivation on kidnappings can eliminate these threats 

– particularly the threats from simultaneous causality and measurement errors. These are all 

examples of endogeneity problems (Stock and Watson, 2012, ch. 12, Cameron and Trivedi, 

2005, p. 92) 

With cross sectional data, the problem of endogeneity is quite common. A regressor is 

said to be endogenous when it is correlated with the error term. The inconsistency of a regular 

OLS regression is partly due to endogeneity in the regressors. This is why the control 

variables often don’t have causal interpretations. In the case of coca cultivation it would mean 

that the variation is not only connected to the variations in kidnappings, but also the variations 

in the error term (Cameron and Trivedi, 2005, p. 96, Stock and Watson, 2012, p. 509).&&

What an IV regression does is that it breaks down the variation in the regressor into two 

parts, one part that might be correlated with the error term and one part that is not. By using 

the isolated part that’s uncorrelated with the error term, it’s possible to estimate the true effect 

on the dependent variable. When having an instrument that’s correlated to the variation in the 

regressor (instrument relevance) and is uncorrelated with the error term (instrument 

exogeneity condition), the instrument is valid and the isolation can be made. Along with the 

exogeneity condition comes that the instrument cannot correlate with the dependent variable  

(Stock and Watson, 2012, pp. 462-463). A ruling out of any direct effect of the instrument on 

the dependent variable is sometimes called exclusion restriction (Schmidheiny, 2012).  

In this paper I will use variation in the amount of airborne spraying carried out over the 

cultivations as an instrument to estimate the possible causal effect of coca cultivation on 

kidnappings. Between year 2000 and 2006, in accordance with Plan Colombia, an aerial 

spraying over 857,000 hectares of coca plantations took place. This led to an overall amount 

of 85,000 hectares being destroyed (Linton, 2010, p. 92). By 2008, aerial spraying had been 

done over 21 of the 23 departments (UNODC, 2012). Hence it directly affects the coca 

cultivation and therefore it fulfils the condition for instrument relevance. After 139,000 

hectares had been sprayed in 2005, the estimated coca cultivation had increased by 6000 

hectares, plausibly due to re-sowing (Linton, 2012, p. 92). Therefore, aerial spraying doesn’t 

necessarily need to decrease the cultivation and thus the returns for the armed groups, as long 

as the people involved can find new areas for the plantations that don’t get sprayed.  
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The number of hectares sprayed exceeds both the mean and the maximum value of coca 

cultivation. The mean is more than 5000 hectares and the standard deviation is over 10,500 

hectares. The maximum recorded area sprayed was 71,891 hectares, which took place in 

Putomayo in year 2002 (UNODC, 2005, 2012).  

Another possible instrument is rainfall. Whether it rains shouldn’t effect when a 

kidnapping is about to take place and plausibly, more rain (to a certain degree) will give more 

coca cultivation. However, McGlade et al. (1994) investigates the impact of rainfall frequency 

on coca in the Chapare region in Bolivia and finds that the relationship between coca leaf 

production and rainfall is negatively related. This negative relationship is due to the fact that 

more rain will lessen the days that the farmers can harvest and dry the leaves that later will be 

sold at market. Meaning this activity is dependent on having dry periods. Although, in 

Colombia the leaf is commercialized fresh before trading and not air-dried like it is in Peru 

and Bolivia. So the hypothesis that rain leads to more coca cultivation still remains, but 

probably with decreasing returns (UNODC, 2012).25 

IV estimates can lead to a loss in precision (efficiency), although the estimate can be 

consistent when the OLS is inconsistent. With weaker instruments, the loss in precision rises 

and standard errors increase. The standard errors for the control variables are usually similar 

to the ones for OLS, which is also the case in this analysis (compare table 3 and 6 in section 

4) (Cameron and Trivedi, 2005, p. 107).26 

The coefficient will be estimated using a two stage least squares (2SLS) method. The 

first-stage is linking coca cultivation and aerial spraying, using coca cultivation as the 

dependent variable. Assuming aerial spraying is exogenous, one component of coca 

cultivation will be uncorrelated with the error term and the other, problematic component, 

will be correlated with the error term. In the second-stage you regress the number of 

kidnappings on the problem-free, predicted value of coca cultivation using OLS. In large 

samples, the 2SLS estimator is consistent and normally distributed (Stock and Watson, 2012, 

p. 463, 468).27 

 

Potential Threats to the Exclusion Restriction 
The amount of airborne spraying shouldn’t affect the number of kidnappings. Though, 

spraying could indirectly affect kidnappings if the armed groups perform the kidnappings in 

&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
:?&Rainfall turns out to be a very weak instrument, see section 4 for results. 
:@&For a deeper discussion why the standard errors might be larger in an IV regression in comparison to an OLS 
regression, see Cameron and Trivedi (2005, p. 107)&
:A&For IV regression assumptions, see Stock and Watson (2012, p. 477)&
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an act of protest against the government due to discontent towards implemented policies. This 

is however not a threat to the exclusion restriction if the kidnappings caused by grievance 

only come from the decreased coca cultivation triggered by spraying.  

If kidnappings increase due to something else triggered by the aerial spraying, for 

example other crops that die from the toxins, then it might be a threat to the exclusion 

restriction. This is where aerial spraying meant for coca plants and accidentally might land on 

poppy-plants could be an issue, since tax on poppy paste is another source of income for 

FARC and ELN (see table A:3 in appendix). Considering the little amount of opium poppy 

being cultivated in Colombia (in relation to coca), it should only have a little impact, if any.28 

Only 6 of the 24 departments coca producing departments also cultivate poppy and only 3 of 

them have done it during all of the observed years (2002-2008) (UNODC, 2003, 2005, 2012). 

Having opium cultivation in the model will therefore plausibly pick up some of the variation 

in opium cultivation due to aerial spraying meant for coca plantations. This will ensure that 

this possible threat to the exclusion restriction will be eliminated (UNODC, 2012, Stock and 

Watson, 2012, p. 472).  

Another potential threat is the ability of the instrument to eliminate the measurement 

error. That is, if the instrument is correlated with the measurement error of the endogenous 

variable (Angrist and Krueger, 2001). Given that the UNODC who is reporting data on the 

amount of coca being cultivated, neither supervises or participates in the aerial spraying 

activities it is plausible to believe they are uncorrelated. Although a definite ruling out of this 

option is not possible since the DIRAN (the Colombian Anti-Narcotics Police), who is 

performing the sprayings, would probably partially base the amount of spraying on this 

estimated amount. At the same time, the UNODC bases preliminary visual interpretation on 

various factors, including data on the amount of aerial spraying carried out (UNODC, 2012). 

This could mean that if the measurement error is large, the aerial sprayings will be less than 

they would have otherwise been. Though, the measurement error could also be compensated 

by the preliminary visual interpretation based on aerial spraying. If less is being sprayed, one 

might assume more coca still exists. However, the UNODC is not the only organisation 

monitoring the coca cultivation in Colombia. The white house - Office of the National Drug 

Control Policy are performing estimates and the DIRAN are also reporting some 

measurements on coca crops (Linton, 2010, p. 95, UNODC, 2012). It’s unknown which 

measurements the DIRAN bases its distribution of sprayings on, and to what extent they take 

&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
:B&Cesar, one of the main poppy cultivating areas did not receive any aerial spraying on coca fields during the 
observed years, which even further reduces the risk of spraying accidentally landing on poppy fields.&
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this into consideration. Yet, given that the instrument is still plausibly uncorrelated with the 

regression error and correlated with the explanatory variable of interest it could still eliminate 

some of the measurement error.29 

Another threat might be that aerial spraying is correlated with certain departments and 

years. For instance, some departments might have more risk of clouds and hence the 

measurement error might be larger which could effect the DIRAN’s decisions on aerial 

spraying in only some departments. Also, in 2003 there was a failure in one of the Landsat’s 

equipment, which made the monitoring harder for some areas and may have affected the 

spraying unevenly (UNODC, 2012). A policy in a certain department could also affect the 

amount of spraying. Hence, combining IV with fixed effects could have the same effect as 

having opium in the regression since it will eliminate the threat of the instrument being 

correlated with the error term (Stock and Watson, 2012, p. 472). For these reasons I will 

combine IV-2SLS regression with a fixed effects regression. 

Estimation Framework 
In order to measure to what extent and in what direction there exists a causal relationship of 

coca cultivation on kidnappings, the structural model (1) lies in the following equation:&

&

Structural model: 

!!" ! !!!!!" ! !! ! !!! ! !!!!!!!" !!! !!!!!!!!" ! !!"& & (1) 

&

where!! equals the entity (department) and !!equals time (years). !!" stands for the dependent 

variable (kidnappings) and !!" for the independent variable of interest (coca cultivation). !! 
are the entity fixed effects and !! are the time fixed effects. The control variables are denoted 

with !!".!! is the number of control variables. !!denotes the slope. !!" is the error term.30 I 

will start with the first part of the regression, performing a regular OLS. Then I will use the 

panel structure of the data, controlling for autocorrelation (allowing !!" to correlate across 

years within a certain department) and successively control for !! and !!!(Stock and Watson, 

2012, p. 398, pp. 401-402). I will then move on to the IV analysis. The first-stage IV 

regression (2) consists of: 

&

&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
29 For a deeper discussion on how instrumental variables provides consistent estimates despite measurement 
errors, see Angrist and Krueger (2001) 
=;&The error term includes all factors not already incorporated in the model that determine the number of 
kidnappings for a specific year and department (Stock and Watson, 2012, p. 152).&
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where coca cultivation !!!"! is the dependent variable, !!" is the instrument variable (aerial 

spraying) and !!  is the slope. !!  denotes the entity fixed effects and !!  the time fixed 

effects.!!!" is the error term. !!" is the problematic part of !!" which is correlated with !!". !! 
equals the entity (department) and !!equals time (years). !!" are the control variables used in 

the regular OLS and are also included to keep!!!" exogenous (Stock and Watson, 2012, p. 

509). ! is the number of control variables. The second-stage regression (3) is determined by: 
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!!" ! !!!!!" ! !!! ! !! ! !!!!!!" !!! !!!!!!!!" !! !!"&& & (3) &

&

where the regression uses the former predicted !!" (first-stage) to estimate !!". The error term 

is !!". ! is the number of control variables. 

Control Variables  
Among the control variables that could eliminate some of the omitted variable bias is USD 

per kilo cocaine in Colombia.31 The data is collected annually on a national level and will 

therefore only be included in the OLS estimations.32 I’ve made the assumption that the price 

of cocaine to some extent determines the number of kidnappings and that the price will affect 

the amount of coca being cultivated.33 A higher price for cocaine will lead to higher revenues 

and therefore a stronger desire for the groups controlling the plantations to produce more, 

which would be negatively related to kidnappings. On the other hand, a higher price on the 

market would lead to a decrease in demand and would plausibly make the groups carry out 

more kidnappings to compensate for the loss of income. The effect that has the biggest impact 

on the area cultivated will determine the final mark. The variable could plausibly hold effects 

from other potential omitted variables such as demand on coca leaves, to some extent prices 

on substitute drugs, fluctuations in the level of purity and certain drug control policies 

(UNODC, 2012). 
&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
=<&A control variable controls for an omitted factor that is a determinant of !!" and is correlated with!!!". It does 
not in itself essentially have a causal effect on ! (Stock and Watson, 2012, p. 272). 
=:&In the fixed effects regressions – only variables varying on a departmental and annual basis will be included 
since other variables (time-invariant variables) won’t serve a purpose for the analysis (Cameron and Trivedi, 
2005, p. 720).&
==&The correlation coefficient between kidnappings and the price of cocaine is -0.3653. Between coca cultivation 
and the price of cocaine it is -0.0877.&
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Another control variable is GDP per capita where the data is collected on an annual 

basis from each department.34 Although GDP per capita leaves out many of the factors 

explaining economic wellbeing, i.e. inequality within the departments as well as health, I 

expect the variable to pick up at least some of the effects explaining how well off a 

department is in comparison to others. A decrease in GDP can (among other factors) originate 

from an increase in the amount of coca/cocaine being produced on the illegal market. Ideally I 

would rather use the unemployment rates from every department. Intuitively, this would 

illustrate both how well off a department is and give a better idea of to what extent the illegal 

market exists. Unfortunately, data from all the departments on an annual basis wasn’t found. 

Whether the relationship is positive or negative is intuitively difficult to ascertain. A higher 

GDP per capita could mean that people are financially better off and would find less reason to 

join the guerrillas/paramilitaries. Therefore fewer resources will be available to perform the 

kidnappings. A higher GDP per capita could also mean wealthier residents that would allow 

the kidnappers to demand higher ransoms, which would increase the incentives to kidnap 

more. 

The last control variable is opium poppy cultivation. Opium poppy cultivation started in 

Colombia in the 1980’s when the coffee prices fell. The few areas growing poppy are mainly 

in the southwestern parts of Colombia on altitudes between 1700-3000 meters above sea 

level. During the 1990s the poppy cultivation varied little and remained between 4000-7000 

hectares in total. In the 00s, the cultivation diminished and in 2008, 394 hectares of opium 

were being cultivated in Colombia. Most of the opium fields are situated in Nariño and Cauca  

(UNODC, 2003, 2012).  

Since the guerrilla and paramilitaries have been known to also put taxes on poppy paste 

(see appendix table A:3), it is plausible that the variable is a determinant of the number of 

kidnappings and is correlated with coca cultivation.35 The rate of substitution between coca 

cultivation and opium poppy cultivation I believe to be limited, mostly due to the small 

amount of opium being cultivated in relation to coca in Colombia. As I mentioned in section 

2, the area of Putomayo-Caquetá is the only place where income from legal cultivation 

exceeds the income of the illegal coca production. Opium is cultivated in Caquetá and since 

the income from legal production is higher here, it’s more reasonable to believe that if a coca 

farmer wants to substitute to another crop, it would be a legal crop. I assume opium 

&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
=>&The correlation coefficient between kidnappings and GDP per capita is -0.0448. Between coca cultivation and 
the price of cocaine it is -0.1777.&
=?&The correlation coefficient between kidnappings and opium cultivation is 0.0452. Between coca cultivation 
and opium cultivation it is 0.0639.&
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cultivation will be negatively related to kidnappings. If the opium industry is weak, the energy 

put into financially motivated kidnappings may increase. However, this effect may be 

dampened by the politically motivated kidnappings. A summary of the variables and the 

hypothesised effects on the dependent variable is found in table 1. 

Table 1. Variable Descriptions and Hypothesised Effects on Dependent Variable 
Dependent variable    Description  
 
Kidnappings    Recorded number of kidnappings  
      per department and year    
           Hypothesised effect on 
Independent variables  Description    kidnappings
                    
Coca cultivation    Coca cultivation by department  - 
      and year in hectares    
     
GDP per capita    GDP/capita by department and year   - /+ 
      measured in current prices (pesos)    
 

Price cocaine    Price of cocaine in Colombia    - /+ 
      by year, measured in US dollars   
 

Opium cultivation   Opium poppy cultivation by    - 
      department  and year in hectares 
 
NOTE: The table has been inspired by Dion and Russler (2008). 

Data 
I’ll utilize data on kidnappings from Pais Libre foundation, which is a non-governmental, 

non-profit organisation formed to fight kidnappings, extortions and disappearances. The data 

is taken on an annual basis from year 1996, on a department level and goes to year 2008.36 

Since the foundation is not just collecting data, but is also against kidnappings, there’s a risk 

the data might suffer from bias. However, when comparing their data on annual kidnappings 

to annual data collected by Fondeliberdad (a subdivision of the Colombian ministry of 

defence), it shows to be nearly exactly the same. Though, it would be partly due to the fact 

that they also use Fondeliberdad as a source of information. No data on a department level 

(collected annually) by Fondeliberdad was found.  

Since year 1999, the United Nations Office on Drugs and Crime (UNODC) has 

annually reported data on coca cultivation in the Andean region. For this reason, year 1999 

&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
=@&In my analysis I’ve assumed the empty columns from Pais Libre’s report meant zero reported kidnappings. 
This was confirmed by comparing the data from Pais Libre with the data collected by Fondeliberdad.  
<https://www.google.com/fusiontables/DataSource?docid=156ZdXn3EJEUhaEWOIn1npPcfiosfn9K_QRsVicg>
Accessed 2012-11-01 
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will be the first year in my analysis.  The data is collected from digital processing of satellite 

images and as from year 2001, annual surveys have been carried out for the entirety of 

Colombia. In 1999 and 2000, the monitoring and censuses only covered some parts of the 

country (UNODC 2012). As a result of using 1999 as the initial year, 10 of the departments 

contain missing values with a total of 14 missing values.37 Within a dominant number of the 

departments, the area cultivated had both increasing and decreasing fluctuations between the 

years; hence I chose to impute values by using means from those 10 departments. A 

robustness test with estimations done without imputation can be found in appendix (table 

A:1). Compared to the regression without imputations, only a minor difference occurred. The 

standard errors of the intercept are slightly smaller with imputation, likewise with the standard 

error of the price of cocaine. Hence my benchmark model will contain imputed values. It’s 

important to keep in mind that the data on coca cultivation is only an approximate 

estimation.38  

The National Administrative Department of Statistics in Colombia (DANE) provides 

data on GDP per capita on a department level, measured in current prices and Colombian 

pesos (COP). The data is in current prices since it’s only necessary to cease the relative effect 

between the years and the departments, not the absolute effect.39 

Data on cocaine prices in Colombia on an annual basis is collected by the DIRAN and 

reported in UNODC’s coca surveys. The prices are nominal and expressed in U.S. dollars. It’s 

important to note that the prices correspond to that of the main cities in Colombia. As the 

trafficking chain move towards other centres of drug trafficking, the prices will raise (one 

reason possibly being the number of the people involved in the complete process increase). 

The lowest prices were found to be in the pacific region since this region hosts the entire 

chain of production – from the cultivation of coca, to the production of cocaine and drug 

trafficking. The data is expected to be a very rough approximation due to the many stages 

involved  (UNODC, 2012).   

&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
=A&The values missing shouldn’t hugely differ from the other years within the departments since coca cultivation 
within departments tend to be relatively stable in the fluctuations over the observed years. Another reason is that 
aerial spraying (being one of the main external shocks causing fluctuations, refer to section 2) only took place 
over one of the departments containing a missing value (Vichada, year 1999). 
=B&In 2006, UNODC reported the amount of coca to be 80,000 hectares. At the same time, the white house’s 
Office on National Drug Control Policy said 160,000 hectares existed by 2006 (Linton, 2010, p. 95). For 
possible reasons causing measurement error, see previous discussion under statistical strategy. 
=C&K,6#&important to notice that the years 2000-2008 were compiled together while year 1999 was compiled with 
data from 1990-2005. There were some differences between these two compilations as a slightly different 
“basket of goods” were used. This could result in bigger standard errors. For data, see “Cuentas nacionales 
departamentales” <http://www.dane.gov.co/index.php?option=com_content&view=article&id=129&Itemid=86> 
Accessed 2012-11-14 
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Data on aerial spraying is taken from the UNODC’s coca cultivation surveys. The 

information comes from the DIRAN since the UNODC doesn’t participate nor oversee this 

eradication activity. The aerial spraying programme is also lead by the DIRAN (UNODC, 

2012).40  

The UNODC’s coca cultivation surveys from Colombia also contain data on the opium 

poppy cultivation. Of the departments listed growing poppy, 6 of them are also growing coca 

and these are the ones included in the data.41 Data before 2002 are not available and hence, 

there will be 3 missing values per opium producing department (15 in total). Since missing 

values exist for only the opium growing departments they systematically differ from the rest 

of the data and there is a risk of downward bias. In other words, the estimated relationship of 

opium cultivation and kidnappings could be underestimated. Yet, I choose not to impute 

values since only 2 of the 6 opium producing departments had a recorded amount above 1000 

hectares in 2002 (the first observed year), while 2 departments had a recorded value of zero.42 

Hence, the missing values will be excluded from the analysis (Rubin, 1978). 

Colombia is divided into 32 departments and in 2008 the country had a total population 

of nearly 44,5 million people.43 I will be estimating the possible causal effect of coca 

cultivation on kidnappings using data from 23 departments. While Pais Libre reported 

kidnappings from 31 departments and Bogota D.C. between the years 1999-2008, UNODC 

reported observations on coca cultivation from 24 departments. Removing the non-coca 

producing departments make sense since these departments possibly differ systematically 

from the rest. The difference will most probably lie in the natural conditions for growing 

coca. With an elimination of the departments with no coca cultivation, the precision of the 

estimates will be more accurate. The one department with no recorded kidnappings between 

1999 and 2008 is Amazonas. Amazonas is a relatively small department population wise, with 

&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
>;&I’ve assumed the unrecorded values for certain years and certain departments are equivalent of that, where 
there has been no aerial spraying in these areas. The departments not mentioned in the surveys, I assume never 
have been sprayed. The department of Caldas (one of the six departments) was recorded to grow 8 hectares of 
opium in year 2002, otherwise zero hectares.   
><&I’ve assumed that the departments that were never mentioned in any of the surveys from the years 2002, 2005 
and 2011 to have no opium cultivation. This is also supported by the fact that opium is a harder plant to grow in 
Colombia and is mainly cultivated on higher altitudes (United States General Accounting Office, 1988, Lujala 
2002).&
>:&These 2 departments could plausibly have had zero cultivation before 2002; therefore imputing values could 
lead to an overestimation of the opium cultivated.&
>= See footnote 44 for population data. Each department has a Governor with a departmental Assembly, which is 
re-elected every fourth year. The capital Bogota is outside the division of departments. 
<http://www.colombiainfo.org/en-us/colombia/departments.aspx> Accessed 2012-12-04 
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70,332 inhabitants in 2008.44 Area wise, it is the biggest department and almost entirely 

covered with the amazon rainforest. For these reasons, Amazonas is not in the population of 

interest and is therefore excluded.45 

When plotting the coca cultivation over the departments, some departments have a few 

outliers. The kidnapping data plotted over the departments contains no outliers. Yet, regarding 

the kidnappings, the department that distinguishes the most are Antioquia, which over the 

years 1999 to 2004 had a record of 210 to 683 kidnappings. Antioquia is in itself almost 

entirely an outlier since three quarters of the data has more than 200 kidnappings. Why 

Antioquia has so many kidnappings in relation to the rest of the country could come from the 

fact that the department is the most populous in Colombia and that it’s also considered to be 

one of the most important economic centres in the country.46 The capital of Antioquia is 

called Medellin which in the 1980s and 90s got it’s reputation as being one of the most 

dangerous cities in the world.47 

When it comes to the coca cultivation data, the department of Putumayo distinguishes 

significantly from the rest. In year 2000, 66,022 hectares of coca were growing in the 

department. This large amount of coca production could among other factors, originate from 

the lack of alternative livelihoods, a climate suitable for coca and less suitable for other crops 

as well as a lack of state presence.  

Due to the fact that the outliers are a legitimate part of the data and since my aim is to 

examine the average approximate causal effect of coca cultivation on kidnappings in 

Colombia, excluding outlying observations would also mean that the ability to extrapolate to 

the whole of Colombia would be violated.48 Hence, including Putumayo and Antioquia is 

relevant for this analysis. Though, including these departments could lead to larger standard 

errors and biased results (Osborne and Overbay, 2004).  

Descriptive Statistics 
Table 2 summarises the data used in this study. The number of observations is 230 (except for 

opium cultivation where there’s 215 observations). The maximum amount of kidnappings 

carried out over the observed years is 683 and took place in Antioquia during year 2000. The 

&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
>> <http://www.dane.gov.co/index.php?option=com_content&view=article&id=129&Itemid=86  
Accessed 2012-11-14  
>?&<http://www.colombiainfo.org/en-us/colombia/departments/amazonas.aspx> Accessed 2012-12-15 
For robustness test, see appendix, table A:2. 
46 <http://colombiareports.com/colombia-news/fact-sheets/24745-antioquia.html> Accessed 2012-11-05.  
>A&<http://www.time.com/time/world/article/0,8599,1967232,00.html> Accessed 2012-12-03&
>B&According to Orr, Sackett, & DuBois (1991), among others, data is more representative of the population as a 
whole if outliers are not excluded (Osborne and Overbay, 2004).&
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mean is 63 kidnappings with a standard deviation of 99. The maximum amount of coca 

harvested is 66,022 hectares and corresponds to the cultivations in Putumayo, year 2000. The 

mean is around 4,700 hectares. The average GDP per capita of the departments is 5,300,000 

COP. The standard deviation is 3,300,000 COP. The department with the highest GDP per 

capita is Arauca, which in 2008 had a corresponding 23,000,000 COP in GDP per capita. All 

of the years Arauca had coca cultivation below the mean (between 447 and 2,749 hectares) 

and the number of kidnappings were also below the mean (between 1 and 43 kidnappings). 

Opium cultivation has a mean of 42 hectares while the standard deviation is 160 hectares. The 

maximum amount of opium cultivation (1,230 hectares) corresponds to year 2002 and the 

department of Nariño. At the same year, Nariño cultivated 15,131 hectares of coca and had 50 

recorded kidnappings.49   

Table 2. Descriptive Statistics 
Variable  Obs. Mean Std.Dev. Min Max 
Kidnappings  230 62.8 99.3 0 683 

Coca cultivation 230     4,689.2       8,312.9 0 66,022 

GDP per capita (COP) 230 5,334,382 3,315,429 961,387 23,235,009 

USD per kg cocaine 230 1,763 280 1,485 2,348 

Opium cultivation 215     42.2093     159.508           0        1,230 

LM72H& 75*& J$,$& 0+(G('$,*#& 1+0/& N$(#& O(P+*& E09'J$,(0'Q& ,5*& !LM.R6#& 303$& 39%,()$,(0'& #9+)*-6#& $'J& ,5*&
L$,(0'$%&SJ/('(#,+$,()*&.*"$+,/*',&01&I,$,(#,(3#& ('&R0%0/P($&T.SL2UV&.$,$&(#&P*,W**'&,5*&-*$+#&<CCC&X&
:;;BV&
&
The wider implication that arises from looking at the data is that the standard deviations are 

relatively large. There would be many reasons for this. For instance, the diversity of GDP per 

capita could be due to the large inequality within Colombia.50 The varying coca cultivation 

could be due to the reasons mentioned in section 2 (i.e. aerial spraying, climate conditions, 

etc.) The large standard deviation of opium cultivation could be due to the fact that most 

departments are not growing opium poppy. Hence, the amount cultivated is concentrated to 

only a few departments. The diversity in the number of kidnappings carried out could be due 

to departmental differences and varying density of operating armed groups.    

 

&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
>C&The total land area of Colombia is roughly 114,000,000 hectares where the total arable land in 2009 was 
estimated to be 1,775,000 hectares <http://www.tradingeconomics.com/colombia/arable-land-hectares-wb-
data.html> Accessed 2013-01-07.&
?;&<http://colombiareports.com/colombia-news/fact-sheets/24707-colombia-poverty-and-inequality-
statistics.html> Accessed 2013-01-14&



& =:&

4. Results 

Ordinary Least Squares Regression 

Table 3. Ordinary Least Squares Regression 

NOTE: Robust standard errors in parentheses. Coca cultivation is given in 1000 hectares. 
GDP per capita is given in 100,000 COP. Opium cultivation is given in 1000 hectares. 
* Significantly different from zero at 90 percent confidence. 
** Significantly different from zero at 95 percent confidence.  
*** Significantly different from zero at 99 percent confidence. 
 
Table 3 demonstrates the results given by regular OLS regression. On a 1 percent significance 

level, all four models states that an increase in 1000 hectares of coca cultivation would lead to 

an average of approximately 1 less kidnapping, holding other variables constant. This is 

consistent with the hypothesis of a substitutive relationship. Since the coefficient of coca 

cultivation changes when successively adding the control variables to the regressions, it could 

imply that the preferred model 4 still suffers from omitted factors (Stock and Watson, 2012, p. 

333).  

Model 4 is the benchmark model since I believe excluding any of the variables within 

this model specification would result in omitted variable bias. When including opium 

cultivation in the model, the estimate of coca cultivation changes, indicating that due to 

statistical reasons but also due to intuitive reasons, opium cultivation should remain in the 

model although it’s not statistically significant (Stock and Watson, 2012, p. 359).  

Besides opium cultivation, the remaining control variables are significantly different 

from zero. In model 4, the variable “USD cocaine” shows on a 1 percent significance level 

that a 10 USD increase in the price of kg cocaine in Colombia would approximately decrease 

the number of kidnappings on average by 1.5, holding other variables constant. Since a higher 

 (1) (2) (3) (4) 
 Kidnappings Kidnappings Kidnappings Kidnappings 
 
Coca cult. 

 
-1.043*** 

 
-1.175*** 

 
-1.204*** 

 
-1.030*** 

 (0.346) (0.369) (0.349) (0.339) 
     
GDP per capita  -0.187* 0.422*** 0.444*** 
  (0.0993) (0.147) (0.144) 
     
USD cocaine   -0.156*** -0.150*** 
   (0.0217) (0.0226) 
     
Opium cult.    18.37 
    (26.51) 
     
Intercept 67.64*** 78.21*** 320.4*** 306.2*** 
 (7.507) (10.34) (39.99) (42.62) 
Observations 230 230 230 215 
R2 0.008 0.011 0.163 0.161 
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price of cocaine is negatively correlated to kidnappings it could indicate that a higher price of 

cocaine will lead to larger revenues and therefore a stronger desire for the armed groups to 

focus more on the cocaine industry rather than kidnappings. Furthermore, the variable “GDP 

per capita” varies between a positive and a negative coefficient in table 3. However, in model 

3 and 4 the estimate is positive and significant on the 1-percent significance level, which 

implies that a wealthier department would have a higher number of kidnappings (the 

coefficients varies from 0.42 in model 3 to 0.44 in model 4). Yet, even though looking at the 

data might tell us the same, (in 2008 the department of Antioquia had approximately 11 

million COP in GDP per capita and had a total of 35 kidnappings while the department of 

Guaviare had nearly 4.5 million COP in GDP per capita and zero kidnappings) the estimated 

result could only be an indirect effect and not a cause. 51 Since only being control variables, 

the estimates don’t have causal interpretations (Stock and Watson, 2012, p. 510) 

If the OLS estimate would be internally valid, the estimated effect of coca cultivation on 

kidnappings indicates that policies against coca cultivation contain negative externalities in 

the form of more kidnappings. Meaning this result could be of great importance for future 

research and policies in Colombia. Though, between year 1999 and 2008 the annual average 

numbers of kidnappings per department were 63, while the annual average coca cultivation 

per department was only 4500 hectares. Putting these estimates in relation to the estimated 

effect of coca cultivation on kidnappings shows that there must be other contributing factors 

determining the number of kidnappings taking place in Colombia. Factors that perhaps ideally 

would be included in the specifications in order to avoid omitted variable bias. Hence, when 

using an OLS with many possible omitted variables and most likely serially correlated 

standard errors, drawing a conclusion about causality should be done carefully (refer to the 

previous discussion in section 3). Table 4 lists a few possible omitted variables that could 

cause bias in the estimate (and that would ideally be included in the OLS regression if data 

was available). 

Overall bias would be hard to conclude since the possible omitted factors intuitively 

have both positive and negative biases affecting the estimate. Due to lack of data and 

therefore due to omitted variables, the result concluded by OLS may be misleading (Stock 

and Watson, 2012, p. 358).  

 

 
&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
?<&Otherwise stated, numbers on kidnappings are taken from Pais Libre (2009). For data on GDP per capita see 
<http://www.dane.gov.co/index.php?option=com_content&view=article&id=129&Itemid=86>  
Accessed 2012-11-14&
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Table 4. Possible Omitted Variables and Hypothesised Effect on Estimate 
Omitted variable    Hypothesised effect     Bias in 
             estimate 
State presence     negative effect on coca cultivation,  
      negative effect on kidnappings     positive bias 
 
Alternative livelihoods    negative effect on coca cultivation,  
      negative effect on kidnappings    positive bias 
 
Unemployment rate     negative effect on coca cultivation,  
      negative effect on kidnappings   positive bias 
Exogenous shocks  
 Demand for cocaine    positive effect on coca cultivation,  
      negative effect on kidnappings    negative bias  
 
Influence of the leader (if strong)  positive/negative effect on kidnappings  negative/ 
within the guerrilla/paramilitary  positive/negative effect on coca cultivation positive bias 
 
Destroyed laboratories52    positive effect on kidnappings 
      negative effect on coca cultivation   negative bias 
NOTE: The table lists possible omitted variables that could bias the OLS estimate. 

 

Fixed Effects Regression  
The fixed effects regressions are summarized in table 5. With an entity fixed effects model 

(model 1, 2 and 3) the result is now somewhat different to the previous regular OLS. Model 1 

shows a positive and weak effect (;V;<A>) of coca cultivation on the number of kidnappings. 

It’s important to note that the result is highly insignificant with a p-value of 0.982. Without 

any control variables and when controlling for unobserved departmental heterogeneity, the 

result is far from rejecting the null hypothesis saying that coca cultivation has no effect on 

kidnappings. When adding GDP per capita to model 2 the estimate changes noticeably, and 

even more when adding opium cultivation in model 3, indicating that model 1 suffers from 

omitted variable bias. Since adding only two variables to model 3 clearly changed the 

estimate, it is possible that model 3 also suffers from omitted factors.  

The benchmark model (model 3) estimates the effect of coca cultivation to be F;V@@B&

but with no significant result (p-value 0.448). The 95-percent confidence interval is -2.46, 

1.13. This implies that the hypothesis of coca cultivation not having an effect on the number 

of kidnappings can’t be rejected since the interval contains zero. ! 

 

&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
?:&Since the start of Plan Colombia, the DIRAN and the U.S. Drug Enforcement Administration (DEA) have 
annually destroyed around 2000 laboratories in Colombia (Linton, 2010, p. 182) &



& =?&

Table 5. Entity and Time Fixed Effects 

LM72H&Y0P9#,&#,$'J$+J&*++0+#&('&"$+*',5*#*#Q&$JZ9#,*J&10+&J*"$+,/*',&3%9#,*+('GV 
R03$&39%,()$,(0'&(#&G()*'&('&<;;;&5*3,$+*#V&[.N&"*+&3$"(,$&(#&G()*'&('&<;;Q;;;&RMNV 
M"(9/&39%,()$,(0'&(#&G()*'&('&<;;;&5*3,$+*#V&
* Significantly different from zero at 90 percent confidence. 
** Significantly different from zero at 95 percent confidence.  
*** Significantly different from zero at 99 percent confidence.  
 

When capturing unobserved departmental heterogeneity, GDP per capita now show a 

negative result in comparison to the OLS. On a 5 percent significance level (model 3), a 

department with 100,000 COP higher GDP per capita have approximately 2 kidnappings less, 

holding other variables constant. Therefore, the hypothesis about people situated in more 

wealthy departments having less reason to join the guerrilla and perform illegal activities is 

now shown to be more likely. As previously mentioned, control variables do not hold causal 

interpretations and since the control variables aren’t of primary interest, no further discussion 

will be made (Stock and Watson, 2012, p. 274).  

Controlling for unobserved departmental heterogeneity, the coefficient of coca 

cultivation results in larger standard errors, when comparing to the OLS in table 3. The 

estimated relationship is also weaker (-0.668 in comparison to -1.03). However, the result is 

not significant in either of the model specifications. By only controlling for unobserved 

departmental heterogeneity, the results may still suffer from omitted variable bias. When 

controlling for time trends (regression 4, 5 and 6 in table 5) some of the potential bias seems 

to be reduced, seeing as the estimates noticeably changes (towards a stronger negative 

estimated effect, -1.810). However, as we now add time binary variables (the degrees-of-

freedom-problem previously mentioned) and control for more potential threats to the internal 

 (1) (2) (3) (4) (5) (6) 
 Kidnappings Kidnappings Kidnappings Kidnappings Kidnappings Kidnappings 
 
Coca cult. 

 
0.0174 

 
-0.486 

 
-0.668 

 
-1.895 

 
-1.413 

 
-1.810 

 (0.766) (0.723) (0.865) (1.210) (1.079) (1.305) 
       
GDP per capita  -2.044*** -1.948**  -1.225 -1.043 
  (0.703) (0.719)  (0.859) (0.811) 
       
Opium cult.   35.15   12.74 
   (39.21)   (49.56) 
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Observations 230 230 215 230 230 215 
R2 0.000 0.325 0.321 0.362 0.402 0.411 
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validity, a consequence is even more imprecise estimates and still no significant result (the 

95-percent confidence interval in benchmark model 6 is -4.52, 0.90 and the p-value is 0.179). 

The hypothesis of coca cultivation not having an effect on the number of kidnappings cannot 

once again be rejected.  

The time binary variables in regression 4, 5 and 6 (not shown) clasp shocks and certain 

circumstances for a given year. In this case all the binary variables were significant on a 1 

percent level in model 4 and not significant in model 5, indicating a large bias due to omitted 

variables. However, in model 6 the dummy for year 2000 is significant on the 10-percent 

level. Since its estimate or significance level isn’t consistent and the coefficients of the binary 

variables are not of primary interest no further discussion will be made. The fluctuations 

between the years are referred to overall annual variations.53  

When controlling for time trends and time-invariant department characteristics, the 

GDP per capita coefficient changes noticeably which could imply that the effect of GDP per 

capita is highly correlated with time trends. However the results are now insignificant. The 

overall implication that arises is that capturing both effects seems to be of importance since 

all the coefficients in table 5 changes noticeably when also controlling for time trends. 

Meaning not capturing time trends and time-invariant department characteristics could lead to 

inconsistent and biased estimates.54 

It’s important to remember that an FE estimate will bring a conditional estimate 

controlling for individual effects specific to the departments in Colombia. Therefore 

extrapolation to other countries/areas/times won’t be an option and an analysis is only 

possible for those departments and years in the sample (Cameron and Trivedi, 2005, p. 717). 

However, even though the estimates still imply that the direction of the relationship between 

coca cultivation and kidnappings are of a substitutive character, the result does not support the 

hypothesis of coca cultivation having a direct impact on the number of kidnappings. Hence, 

forming a policy from this result should be done carefully due to the imprecise, insignificant 

estimate (Stock and Watson, 2012, p. 411).  

 

&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
?=&See table A:5 in appendix&with included time binary variables and intercept that shows the averaged value of 
the fixed effects. <http://www.stata.com/support/faqs/statistics/intercept-in-fixed-effects-model/>  
Accessed 2013-01-16 
?>&This assumption is strengthened by the fact that in&model 3-6 the F-test is significant on the 0.01 percent level, 
indicating that the kidnapping model-specifications possibly have changed across the departments and the 
observed years (Gujarati, 2003, p. 644).&
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Instrumental Variable Regression 
When testing if rain is an instrument of relevance, it turns out to be a very weak instrument 

with a first-stage F-statistic of only 1.072.55 Instruments that explain little of the variation in 

the regressor of interest are known as weak instruments. A rule of thumb is that if the first-

stage F-statistic is less then 10, it’s a weak instrument. Hence, if using rain as an instrument 

the estimator can be badly biased and t-statistics and confidence intervals will be unreliable. 

Aerial spraying has a F-statistic of 73.76 in the benchmark model, implying it’s not a weak 

instrument.56 Therefore, when using aerial spraying as the instrument, the methods for 

statistical inference i.e. hypothesis tests and confidence intervals can be trusted (Stock and 

Watson, 2012, p. 480, 489).  

Table 6. Instrumental Variable Regression 

NOTE: Robust standard errors in parentheses. Coca cultivation is given in 1000 hectares.  
GDP per capita is given in 100,000 COP. Opium cultivation is given in 1000 hectares. 
Instrument variable is aerial spraying. The F-statistic responds to the Cragg-Donald Wald F statistic.   
* Significantly different from zero at 90 percent confidence. 
** Significantly different from zero at 95 percent confidence.  
*** Significantly different from zero at 99 percent confidence. 

&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
?? Oeindrila Dube, assistant professor of politics and economics, New York University, kindly shared rainfall 
data that originates from National Aeronautics and Space Administration (NASA). Data is provided at a 
municipality level (where every municipality is represented with a code) and is estimated in centimetres per 
year. To transform the data from municipality level to department level I used a municipality code-index by the 
World Bank (<http://microdata.worldbank.org/index.php/catalog/489/datafile/F2/V139> Accessed 2012-12-18) 
and DANE (<http://www.dane.gov.co/files/censo2005/provincias/subregiones.pdf> Accessed 2012-12-18). The 
mean value of every municipality within a department was used. According to Dr. Erich Franz Stocker (NASA) 
(2012-12-19), the resolution of the data will make it hard to bring it down to department level since the satellite 
footprint might be over several departments at the same time. The rainfall data goes from year 1999-2005, which 
gives fewer observations.  
?@&A Cragg-Donald statistic over 10 says the instrument is not weak (Stock and Yogo, 2005). When F>10, the 
bias in IV is no more than 10 percent of OLS (Cameron and Trivedi, 2005, p. 109).  

 (1) (2) (3) (4) 
 Kidnappings Kidnappings Kidnappings Kidnappings 
 
Coca cult. 

 
-2.492*** 

 
-2.639*** 

 
-1.441* 

 
-1.327 

 (0.738) (0.787) (0.842) (0.859) 
     
GDP per capita  -0.252** 0.412*** 0.433*** 
  (0.111) (0.153) (0.150) 
     
USD cocaine   -0.156*** -0.150*** 
   (0.0216) (0.0224) 
     
Opium cult.    19.02 
    (26.42) 
     
Intercept 74.44*** 88.56*** 322.2*** 308.2*** 
 (8.914) (12.79) (40.24) (42.36) 

Observations 230 230 230 215 
F-statistic (first-
stage) 

81.605 79.626 72.147 73.760 
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Table 6 summarizes the results using IV-2SLS regression. When isolating the part of 

the variation in coca cultivation that is uncorrelated with the error term and using this part to 

estimate the effect of coca cultivation on the number of kidnappings, the result is now 

significant with a p-value of 0.001 in model 1 and 2 (Stock and Watson, 2012, p. 496). 

Compared to the former estimates in the OLS and the fixed effects regressions, the estimated 

effect has more than doubled, suggesting that coca cultivation has an even larger impact on 

the number of kidnappings than earlier recognized.57 The standard errors for coca cultivation 

are smaller than in the fixed effects regressions and larger in comparison to the regular OLS.  

Model 2 declares on a 0.1 percent significance level, when the amount of coca cultivation 

decreases with 1000 hectares, the number of kidnappings will approximately rise with an 

average of 2.6, holding other variables constant.  

When adding GDP per capita to model 2, the estimate only changes slightly and the 

standard errors are nearly the same. However, when adding the price of cocaine (model 3) the 

estimate drops noticeably to -1.441 and becomes less significant with a p-value of 0.087. The 

result indicates that the former regressions probably suffer from bias and plausibly 

overestimates the causal effect of coca cultivation on kidnappings (refer to the discussion in 

section 3). In model 4, when adding opium cultivation to the specification, the effect drops 

again to a weaker negative relationship (-1.327) but the result is now insignificant with a p-

value of 0.122 and a 95-percent confidence interval of -3.01, 0.36.  

When summing up the results so far an interesting observation is that the benchmark 

model tends to stick to a negative estimate of the coca cultivation coefficient throughout the 

different statistical approaches (-1.030 (OLS), -1.810 (FE), -1.327 (IV-2SLS)). Though 

keeping in mind the estimates is not always significant. Contemplating these results, the 

estimates imply that a decrease in the amount of coca cultivated is substituted with more 

kidnappings. The OLS regression shows a highly significant result, yet little factors that might 

threat the internal validity are taken into consideration. A result of the FE regression and the 

IV regression (which both allows for more possibilities) are more imprecise results with 

confidence intervals containing the value of zero, meaning no rejection of the null hypothesis 

can be made.  

 

&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
?A&An explanation, given by Miguel el al. (2004), is that the difference in the estimate between the OLS and the 
IV can originate from the first stage. Here the impact of aerial spraying on coca cultivation can be systematically 
underestimated due to extensive non-classical measurement error in the data. Consequently the instrument will 
overestimate the impact of coca cultivation on kidnappings.&
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Instrumental Variable Fixed Effects Regression 

Table 7. Entity and Time Fixed Effects with Instrumental Variable Regression 

NOTE: Robust standard errors in parentheses, adjusted for department clustering. 
Coca cultivation is given in 1000 hectares. GDP per capita is given in 100 000 COP. 
Opium cultivation is given in 1000 hectares. Instrument: aerial spraying !-1 (lagged by one year) 
The two regressions in bold have a first stage F-statistic over 10.  
The F-statistic responds to the Cragg-Donald Wald F statistic.   
* Significantly different from zero at 90 percent confidence.  
** Significantly different from zero at 95 percent confidence.  
*** Significantly different from zero at 99 percent confidence. 
 
With an IV-2SLS fixed effects regression, the first-stage F-statistic denotes aerial spraying to 

be a very weak instrument, explaining very little of the variation in coca cultivation. With a F-

statistic of only 0.552 with entity fixed effects and 1.453 with time and entity fixed effects, 

the estimates could be badly biased. A reason for this could be that the variation used in the 

former IV also accounted for cross-sectional variation, which is now being absorbed by the 

fixed effects (Gawande and Li, 2009).58 A lagged instrument may sometimes increase the 

power of the instrument, since the correlation between the instrument and the error term will 

be reduced (Murray, 2006). For this reason, I will lag aerial spraying by one year. When 

implementing this, the first-stage F-statistic shows a stronger instrument with a value of 

12.672 when controlling for unobserved departmental heterogeneity and 10.376 when also 

controlling for time trends.  
 

&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
?B&When also controlling for fixed effects, only variation within the departments are allowed, and this remaining 
variation can be too little to provide a strong instrument. This low F-statistic implies that the main variation 
explained by aerial spraying is cross-sectional (Gawande and Li, 2009).&

 (1) (2) (3) (4) (5) (6) 
 Kidnappings Kidnappings Kidnappings Kidnappings Kidnappings Kidnappings 
 
Coca cult. 

 
20.48 

 
11.21 

 
6.800 

 
10.50 

 
9.492 

 
5.782 

 (26.40) (15.67) (6.497) (20.78) (18.38) (6.484) 
       
GDP per capita  -1.854*** -1.761***  -1.628* -1.343** 
  (0.452) (0.393)  (0.968) (0.563) 
       
Opium cult.   58.11   38.25 
   (36.41)   (42.45) 

 
Department 
fixed effects 
 
Time  
fixed effects 

 

 
Yes 

 
 

No 

 
Yes 

 
 

No 

 
Yes 

 
 

No 

 
Yes 

 
 

Yes 

 
Yes 

 
 

Yes 

 
         Yes 
        
 
         Yes 

Observations 207 207 197 207 207 197 
F-statistic (first-
stage) 

  3.894 3.402 12.672 1.581 1.687 10.376 
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The two regressions in bold in table 7, have a first-stage F-statistic over 10.59 The 

regressions not in bold showcase a possible consequence when having a very weak 

instrument. The standard errors and estimated effects are almost twice as high, when 

comparing to regression 3 and 6. Meaning due to badly biased estimates and weak 

instruments, the focus will be on regression 3 and 6.  

The estimated effect of coca cultivation on kidnappings is now positive with a strong 

estimated effect of coca cultivation on kidnappings. Yet, in both regressions the precision is 

very poor with standard errors almost 5 times as large as for the regular fixed effects model, 

hence none of the models has a significant result. The standard errors of the control variables 

are similar to the ones in the OLS, which besides the F-statistic are an implication of aerial 

spraying not being a weak instrument (Cameron and Trivedi, 2005, p. 107). Regression 6, 

when also controlling for time trends, shows a slightly different coefficient (a weaker positive 

relationship) in comparison to regression 3. The standard errors are similar even though the 

instrument is somewhat weaker in regression 6. This could imply that not including time 

trends will result in omitted factors.60 

Regression 6 has a p-value of 0.373 and regression 3 has a p-value of 0.295. The drop in 

number of observations (due to the instrument being lagged by one year) may moderately 

account for the lack of statistical precision (Cameron and Trivedi, 2005, p. 110). The large 

standard errors could also be due to the presence of endogeneity, which could cause 

inefficient estimates even if the estimate is consistent (Hitzhusen and Jeanty, 2006). A reason 

for the large positive estimates could be due to the fact that if aerial spraying is only mildly 

endogenous and now when it’s a relatively weaker instrument, it’s possible to get even more 

inconsistency than a regular OLS (Cameron and Trivedi, 2005, p. 107).   

GDP per capita exhibits a negative significant result in both models. The result implies 

that departments with higher GDP per capita have fewer kidnappings. However, it’s 

interesting to note that the negative coefficient is consistent throughout the models not 

containing the price of cocaine (compare to the regular IV regression and OLS where USD 

cocaine is included and the result is significant but positive), indicating that the significant 

results might be misleading. The other control variable “opium cultivation” has throughout all 

the statistical methods showcased a positive, highly insignificant result with large standard 

errors. Yet, table 7 illustrates that including this variable is noticeably increasing the first 

stage F-statistic. Possible reasons to why the instrument gets stronger when including opium 
&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
?C&The regression including time binary variables is found in appendix (table A:6). As in the regular FE 
regression, the yearly fluctuations are referred to overall annual variations.&
@;&In model 2-6 the F-test is significant on the 0.00 percent level.&
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cultivation could be referred to the discussion under potential threats to the exclusion 

restriction (section 3). By not including opium cultivation, the exogeneity of the instrument 

might be violated.  

When experiencing large imprecisions, a larger sample could eliminate some of the 

problem (Cameron and Trivedi, 2005, p. 110). In this case it would mean including more 

years or performing the analysis on a lower level (i.e. municipalities instead of departments). 

However, this problem could be hard to solve since it requires existing data.  

In sum, when performing an IV-2SLS regression and taking into account the 

endogeneity problems while controlling for unobserved departmental heterogeneity and time 

trends, both the estimated effect and the standard errors becomes extremely large. Therefore, 

not much additional insight is given when performing an IV-2SLS fixed effects regression 

and whether the causal relationship is negative or positive, strong or weak cannot be 

determined. 

5. Conclusion  
This paper examines to what extent and in what direction there exists a causal relationship of 

coca cultivation on kidnappings in Colombia. A study that has never been done in previous 

published economic literature. Previous research has mainly been focusing on coca cultivation 

and how it affects the broader concept of “violence”, and found that coca cultivation is 

positively related to violence. As violence can include many different factors, it is not certain 

that all these factors are affected by coca cultivation in the same way. Interestingly, by 

isolating kidnappings from the concept, the relationship to coca cultivation seems to be the 

opposite.  

What one can learn from this is that by first looking at general concepts and then 

breaking them down into different parts for individual consideration, one might find that 

different policies are needed to attack what seems to be the same problem. This implication is 

important in order to make truly informed policies in a country suffering from civil war, but 

could also be applied to various other situations and scenarios. 

I’ve utilized four different statistical approaches including OLS, fixed effects, 

instrumental variable regression and instrumental variable fixed effects regression, to carry 

out my research. The results imply, in three of the four statistical methods that the direction of 

the relationship between coca cultivation and kidnappings are of a substitutive character. 

Though, the IV-2SLS fixed effects regression shows a positive relationship, but with 

exceptionally large standard errors and insignificant estimates. Better precision and a 
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significant result is achieved when using a regular OLS regression, implying that 1000 less 

hectares of coca being cultivated will increase the number of kidnappings on average by 

approximately 1, holding other variables constant. Though, factors that might threat the 

internal validity are not taken into consideration in the OLS regression. When controlling for 

these factors, a consequence is less precise estimates and insignificant results.  

If the observed negative relationship in the OLS-, fixed effects- and the instrumental 

variable regression is close to the true relationship, it would be of economic significance since 

external shocks causing the cultivated coca to decrease (like eradication policies), will be 

substituted with more kidnappings; a negative externality. However, since the regressions 

where threats to the internal validity are taken into consideration not showcases significant 

results, the null hypothesis of coca cultivation not having a causal effect on the number of 

kidnappings can’t be rejected. Meaning forming policies from this analysis should be done 

carefully. 

The wider implication that arises is that there’s a need for more data and additional 

research, which could possibly be carried out at a municipality level. If better data becomes 

available one could also investigate how the armed groups differentiate in their response 

towards coca eradication policies. The responses may vary, both due to their different sources 

of income and also due to different political ideologies. One could also investigate other 

sources of income that armed groups have and their causal effect on kidnappings. If these 

studies are made, further knowledge may be achieved regarding the main motivating factor 

behind the kidnappings - is it greed or is it grievance? 

Pirsig (1974) wrote “as long as the attack is upon effects only, no change is possible”, 

denoting how important it is to find and know more about societal causalities. 
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Appendix 
Table A:1 OLS without imputed values 

NOTE: Standard errors in parentheses. Coca cultivation is given in 1000 hectares.  
GDP per capita is given in 100,000 COP. Opium cultivation is given in 1000 hectares. 
* Significantly different from zero at 90 percent confidence. 
** Significantly different from zero at 95 percent confidence.  
*** Significantly different from zero at 99 percent confidence. 
 
 
 Table A:2 OLS including the department of Amazonas 

NOTE: Standard errors in parentheses. . Coca cultivation is given in 1000 hectares.  
GDP per capita is given in 100,000 COP. Opium cultivation is given in 1000 hectares. 
* Significantly different from zero at 90 percent confidence. 
** Significantly different from zero at 95 percent confidence.  
*** Significantly different from zero at 99 percent confidence. 
 
 
 
 

 (1) (2) (3) (4) 
 Kidnappings Kidnappings Kidnappings Kidnappings 
 
Coca cult. 

 
-0.921*** 

 
-1.061*** 

 
-1.171*** 

 
-0.957*** 

 (0.346) (0.374) (0.365) (0.350) 
     
GDP per capita  -0.179* 0.406*** 0.436*** 
  (0.101) (0.144) (0.141) 
     
USD cocaine   -0.154*** -0.148*** 
   (0.0226) (0.0237) 
     
Opium cult.    19.66 
    (27.11) 
     
Intercept 65.37*** 75.82*** 318.4*** 301.0*** 
 (7.836) (11.06) (42.45) (45.62) 
Observations 216 216 216 202 
R2 0.006 0.010 0.165 0.161 

 (1) (2) (3) (4) 
 Kidnappings Kidnappings Kidnappings Kidnappings 
 
Coca cult. 

 
-0.883*** 

 
-0.965*** 

 
-1.020*** 

 
-0.857** 

 (0.333) (0.350) (0.344) (0.335) 
     
GDP per capita  -0.125 0.469*** 0.494*** 
  (0.0994) (0.148) (0.146) 
     
USD cocaine   -0.152*** -0.146*** 
   (0.0212) (0.0220) 
     
Opium    23.93 
    (26.81) 
     
Intercept 64.13*** 71.06*** 307.6*** 291.9*** 
 (7.199) (9.767) (38.84) (41.17) 
Observations 240 240 240 225 
R2 0.005 0.007 0.156 0.154 
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Table A:3 Sources of income, 1994 (millions of US Dollars) 
 
Activity        FARC   ELN 
Kidnapping (for ransom)     72.6    72.6  
Investments in mining (gold and coal)   24. 2    24.2  
Extortion         16.9    98.0 
Diversion of govt. funds      12.1    6.1 
Investments in public transport       -     6.1 
War tax        30.2    3.6 
Tax on coca, poppy paste     169.4    50.8 
Total         325.4    261.4 
NOTE - Source: Offstein (2003). War tax is defined as revenues from multinational corporations, owners of land 
and cattle ranchers. 
 
 
Table A:4 Hausman Test 
 
  (b) (B) (b-B) sqrt(diag(V_b-V_B) 
  FE RE Difference S.E. 
Coca cultivation    -0.0004256    -0.0005382 0.0001126  . 
GDP per capita -0.0000199    -0.0000157 -4.21e-06 3.83e-07 
Spraying    -0.0010214    -0.0011959 0.0001745 0.0000143 
b = consistent under Ho and Ha; obtained from xtreg 
B = inconsistent under Ha, efficient under Ho; obtained from xtreg 
 
Test:   Ho:  difference in coefficients not systematic 
chi2(3)  = (b-B)'[(V_b-V_B)^(-1)](b-B) 
 = 658.26 
Prob>chi2  = 0.0000   (V_b-V_B is not positive definite) 
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Table A:5 Fixed Effects Regression 

LM72H&Y0P9#,&#,$'J$+J&*++0+#&('&"$+*',5*#*#Q&$JZ9#,*J&10+&J*"$+,/*',&3%9#,*+('GV&
R03$&39%,()$,(0'&(#&G()*'&('&<;;;&5*3,$+*#V&[.N&"*+&3$"(,$&(#&G()*'&('&<;;&;;;&RMNV&
M"(9/&39%,()$,(0'&(#&G()*'&('&<;;;&5*3,$+*#V&&
* Significantly different from zero at 90 percent confidence. 
** Significantly different from zero at 95 percent confidence.  
*** Significantly different from zero at 99 percent confidence. 
 
 &

 (1) (2) (3) (4) (5) (6) 
 Kidnappings Kidnappings Kidnappings Kidnappings Kidnappings Kidnappings 
 
Coca cult. 

 
0.0174 

 
-0.486 

 
-0.668 

 
-1.895 

 
-1.413 

 
-1.810 

 (0.766) (0.723) (0.865) (1.210) (1.079) (1.305) 
       
GDP per capita  -2.044*** -1.948**  -1.225 -1.043 
  (0.703) (0.719)  (0.859) (0.811) 
       
Opium cult.    35.15   12.74 
   (39.21)   (49.56) 
       
yd1    114.4*** 44.04 64.40 
    (31.07) (43.80) (49.47) 
       
yd2    129.3*** 69.07 84.20* 
    (34.17) (40.53) (47.74) 
       
yd3    102.5*** 44.74 47.54 
    (29.62) (37.07) (42.74) 
       
yd4    96.72*** 44.89 51.24 
    (24.31) (33.47) (36.36) 
       
yd5    63.42*** 16.99 22.87 
    (12.73) (27.97) (29.63) 
       
yd6    37.35*** -2.810 2.234 
    (8.623) (22.24) (23.91) 
       
yd7    20.87*** -11.15 -7.014 
    (4.512) (19.30) (19.87) 
       
yd8    14.85*** -7.956 -4.954 
    (3.330) (13.38) (13.63) 
       
yd9    10.98*** -3.680 -1.439 
    (2.404) (8.755) (9.218) 
       
Intercept 62.67*** 174.0*** 168.5*** 12.60 115.3* 101.6 
 (3.591) (39.64) (43.04) (9.633) (66.13) (64.62) 
Observations 230 230 215 230 230 215 
R2 0.000 0.325 0.321 0.362 0.402 0.411 
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Table A:6 IV-2SLS Fixed Effects Regression 

NOTE: Robust standard errors in parentheses, adjusted for department clustering. 
Coca cultivation is given in 1000 hectares. GDP per capita is given in 100 000 COP. 
Opium cultivation is given in 1000 hectares. Instrument: aerial spraying !-1 (lagged by one year) 
The F-statistic responds to the Cragg-Donald Wald F statistic.   
* Significantly different from zero at 90 percent confidence.  
** Significantly different from zero at 95 percent confidence.  
*** Significantly different from zero at 99 percent confidence. 
&
 

 (1) (2) (3) (4) (5) (6) 
 Kidnappings Kidnappings Kidnappings Kidnappings Kidnappings Kidnappings 
 
Coca cult. 

 
20.48 

 
11.21 

 
6.800 

 
10.50 

 
9.492 

 
5.782 

 (26.40) (15.67) (6.497) (20.78) (18.38) (6.484) 
       
GDP per capita  -1.854*** -1.761***  -1.628* -1.343** 
  (0.452) (0.393)  (0.968) (0.563) 
       
Opium cult.   58.11   38.25 
   (36.41)   (42.45) 
       
yd2    84.76 10.61 40.28 
    (63.75) (91.11) (35.66) 
       
yd3    67.82 -4.399 5.150 
    (60.37) (87.40) (41.32) 
       
yd4    89.17*** 21.26 30.92 
    (24.25) (47.14) (26.43) 
       
yd5    60.39*** -0.938 7.512 
    (18.52) (40.58) (22.48) 
       
yd6    37.63* -15.80 -9.236 
    (19.55) (30.20) (19.19) 
       
yd7    18.30 -23.93 -17.76 
    (21.36) (30.54) (19.50) 
       
yd8    16.42 -14.11 -10.27 
    (21.05) (22.21) (17.05) 
       
yd9    1.141 -17.05 -11.35 
    (26.46) (30.03) (18.57) 
Observations 207 207 197 207 207 197 
F-statistic 
(first-stage) 

  3.894 3.402 12.672 1.581 1.687 10.376 


