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Can Collective Property Rights Foster Development? Evidence
from a Quasi-natural Experiment in Colombia ∗

Joaqúın Daniel Ramı́rez-Cabarcas†

Abstract

I estimate the effect of collective property rights on development in rural Colombia in

the context of a case study. In the 1990s, the Colombian government started one of

the most ambitious land re-orderings in Latin America, which titled collective prop-

erty rights to Afro-Colombian communities throughout the Colombian Pacific. I take

advantage of a historical accident in these titling processes, which delayed the collec-

tive land titling of one community for 16 years until November 2015, one year after

the Colombian National Agricultural Census 2014 (CNA). With the CNA data, I use

the delayed community as counterfactual for its titled neighbours, and use spatial re-

gression discontinuity with the borders between communities, largely determined by

proximity to river basins. In the context of this case study, I find that farms in collec-

tively titled communities have higher agricultural yield by 6 percentage points, devote

more farm area share to perennial crops by 28 percentage points, and have 18 percent-

age points higher school attendance. I suggest these results could be a consequence of

a higher motivation of farmers in titled territories to invest in their land, along with

collective forms of production to provide labor among poor farmers.

Keywords: Property rights, Communal lands, Land reform

JEL Classification: P48, P32, Q15
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¿Los Derechos de Propiedad Colectivo Promueven el Desarrollo?
Evidencia de un Experimento Cuasi-natural en Colombia ∗

Joaqúın Daniel Ramı́rez-Cabarcas †

Resumen

Este art́ıculo estudia el efecto de la titulación de derechos de propiedad colectivo sobre el 
desarrollo, en el contexto de un estudio de caso. En los años noventa, el gobierno colombiano 
empezó uno de los reordenamientos territoriales más ambiciosos de Latinoamérica, el cual 
tuvo como resultado la titulación de derechos de propiedad colectivos a comunidades afro-
colombianas. Este art́ıculo aprovecha un accidente histórico, el cual retrasó la titulación de 
una comunidad por 16 años, hasta noviembre de 2015, un año después del Censo Nacional 
Agropecuario 2014 (CNA). Con los datos del CNA, se utiliza esta comunidad retrasada co-mo 
contrafactual para comunidades vecinas tituladas, y se usa regresión discontinua con los 
bordes entre comunidades. Se encuentra que, en territorios con titulación colectiva, el pre-
supuesto agŕıcola es mayor en 6 puntos porcentuales, el porcentaje del area de las fincas con 
cultivos permanentes es más alto en 28 puntos porcentuales y la asistencia escolar es más alta 
en 18 puntos porcentuales. Se sugiere que estos resultados podŕıan ser la consecuencia de una 
más alta motivación de los habitantes en territorios titulados a invertir en la tierra, aśı como 
de formas colectivas de producción para proveer mano de obra entre campesinos sin recursos.

Palabras Clave: Derechos de Propiedad, Tierras Comunales, Reforma de Tierra.
Códigos JEL: P48, P32, Q15
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1 Introduction

Around 6.8 billion hectares of land are common property in the world, encompassing more

than 1.5 billion individuals (Alden Wily, 2011). Popular examples of common property

are widespread across many countries, from indigenous populations in the Amazon, to Swiss

alpine villages, to forests in Nepal, India, Japan, and many countries in Africa(Agrawal & Os-

trom, 2001; Ostrom, 1990). Institutions of common property rights (PRs) have been widely

recognised in management and preservation of natural resources such as forests (Agrawal &

Ostrom, 2001; Ostrom, 1990), as well as in the reduction of poverty (Mwangi et al., 2012;

Pearce, 2016). The latter has received special attention in Africa, Asia and Latin America,

in particular, because the immense majority of their common land does not have formal PRs

and their dwellers are not acknowledged as owners by law (Alden Wily, 2011; Wily, 2017).

Yet, empirical evidence on whether titling collective PRs can reduce poverty remains scarce.

Those who defend the importance of private PRs criticise collective PRs, arguing that

the latter do not seem to facilitate what they consider fundamental elements of economic

development, such as access to credit markets and trade, and are unlikely to provide incen-

tives for collective owners to invest, given that they would not capture all the profit from

their private efforts (De Soto, 2000).

Contrary to this, other authors argue that under the right institutional arrangements,

collective PRs can be an effective way to create an incentive for communities to invest in

their resources for their future benefit (Baland & Platteau, 2003; Cleaver, 2000; Ostrom,

1990; Schlager & Ostrom, 1992). Some of these institutional arrangements should consist

in guaranteeing that access to resources be restricted only to a delimited group with the

capacity to exclude non-members, as well as the existence of boundaries that clearly define

the territories over which the group can exert control (Berkes et al., 1989; Schlager & Ostrom,

1992). Influenced by these ideas, some international institutions have been advocates for

titling collective PRs, with the belief that they can provide stability and access to resources

to the poor in regions where community land dwellers are considered occupiers, and where

there is hardly any access to credit markets (Mwangi et al., 2012; Pearce, 2016). However,

given the scarcity of empirical evidence, the question of whether titling collective PRs can

foster development remains open, and many sometimes blame them for perpetuating poverty

traps in territories under this land regime in developing countries (The Economist, 2019).

I provide empirical evidence on the effect of titling collective PRs on development in

the context of Colombia. In the 1990s the Colombian Government granted Afro-Colombian

communities, descendants of colonial slaves, formal collective PRs for the territories they had

ancestrally inhabited since the 17th century (Basallo, 2010; Offen, 2003). The titling process
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began with Law 70 of 1993, and was motivated by social movements of Afro-Colombian

communities tired of timber and mining companies exploiting the resources in the places

they inhabited (Offen, 2003). This happened because before Law 70 these communities did

not possess formal titles for their land, and therefore, there were no legal restrictions, for

companies or individuals, to exploit the resources in the territories that these communities

considered theirs. The first title was issued in 1996, and in the following two decades, around

6 million hectares were titled (Offen, 2003).

The empirical challenge of studying the effects of Law 70 lies in the fact that the titling

process is endogenous, as titles could only be assigned to Afro-Colombian communities which

inhabited ancestral territories. Moreover, there is an absence of disaggregated data in this

region of Colombia that could allow for the use of temporal variation to overcome this

endogeneity.

I provide evidence on this using a case study, by taking advantage of a legal problem over

titles that delayed the titling of the Community of Naya, located in the frontier between the

Departments of Cauca and Valle del Cauca. The problem began when in 1999 the Com-

munity of Naya started the process with the Colombian government to get formal collective

titles for their land, around 178.000 ha. This request was interposed by the University of

Cauca, a university located in the department with the same name, which claimed to have

legal rights over the territories about to be titled to these Afro-Colombian communities (IN-

CODER, 2015). The claim was supported by titles granted to the University of Cauca in

1827 by Francisco de Paula Santander, then vice president of Gran Colombia1, and one of

the main figures of the Colombian independence, who had given the university around 97.000

ha. Santander granted these titles as an education policy aiming to make some public high

education institutions more self-sufficient and less reliant on state finances during the hectic

early years of the Colombian independence (Verdad Abierta, 2014). However, the university

barely used them (Verdad Abierta, 2014)

As a result of this legal problem, the titling was delayed until November 2015, when

the Colombian government was finally able to give the formal titles of the territory to this

community, which formally constituted as the Community Council (CC) of the Naya (IN-

CODER, 2015). I take the delay in the titling process because of the claim interposed by

the University of Cauca as an exogenous shock to analyse the effects of collective titling on

development in this case study. I use the data from the 2014 National Agricultural Census

(NAC), which collects georeferenced information of the agricultural, livestock, aquaculture

and forest sector in the country, covering 98.9% of rural households and enterprises in Colom-

1Gran Colombia was a State between 1819 and 1831, which encompassed present-day Colombia, mainland
Ecuador, Panama, Venezuela, along with parts of northern Peru and northwestern Brazil
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bia. Given that the NAC collected information roughly two years before the titling of the

CC of the Naya, I can use it as a counterfactual for the neighbouring titled communities,

which received formal collective titles around a decade before, in the early 2000s.

I employ the methodology of spatial regression discontinuity design using the frontiers

of the CC of Naya with neighboring titled communities, which are largely determined by

proximity to river basins. Therefore, in this case study I am able to compare in my estima-

tions a scenario of formal collective PRs vs a scenario where there are no formal PRs and its

inhabitants are waiting for communal titling. However, since I only take one community as

a control, this paper only shows suggestive evidence for the case study of the CC of Naya.

Therefore, further research needs to question the external validity of this study in other

places in Colombia and the world.

One of my main outcomes consists in crop choices. I argue farmers with formal titles

might have less uncertainty in relation to farmers without formal titles or occupiers. As a

result, the former might invest more in long-term production (perennial crops), which have

higher yields but tend to have a more expensive initial investment. Moreover, the uncertainty

of being occupiers without formal PRs can be exacerbated by the Colombian civil conflict2,

which could also influence crop choices 3. I find that collective titling increases the area

devoted to perennial crops between 20 and 30 percentage points. I also estimate the effects

on revenue per hectare. I find that collective titling increases revenue per hectare by about

6 percentage points.

Additionally, I study whether collective titling affects school attendance. I find that

it improves school attendance in children aged 6 to 17 years old by around 18 percentage

points. Overall, all these results are robust to bandwidth as well as to different polynomial,

kernel choices, placebo, donut-hole and migration tests. I also test the external validity of

my results by doing the same analysis with another 3 delayed communities in other areas of

the Colombian Pacific. Although it is not clear whether the delay of these other communities

was exogenous, I find suggestive evidence that the increases in perennial crops might not

be just a local effect, given that similar results replicate in different areas of the Colombian

Pacific.

I use data from NAC 2014, satellite data on coca crops and deforestation as well as doc-

uments for development plans from Community Councils in my research setting to establish

potential mechanisms that explain my results. I test all potential mechanisms using the

2Cauca was the Department with the most guerrilla incursions between 1965 and 2013, 309 in total
(CNMH, 2016). In this region, about 257.234 people are estimated to be direct or indirect victims since the
civil conflict started (Unidad de Vı́ctimas, 2022).

3There is evidence that farmers often prefer changing to transitory crops because of uncertainty in conflict
(Arias et al., 2019)
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same spatial regression discontinuity design specification I use for my main results. First, I

propose that the reduction in uncertainty due to securing land tenure motivates farmers to

invest more in agricultural activities. I test this using data on agricultural inputs as well as

the share of land in each farm devoted to agriculture as opposed to natural forests. I find

suggestive evidence that collectively titled farmers use higher shares of land in agriculture

and less in natural forests, and that they tend to invest more in fertilizers and pesticides.

Second, given the absence of capital markets in these territories, I argue that farmers

might achieve improvements in agriculture using collective work in their farms rather than

hiring workers. One example of this is that they can have access to labour by asking other

members of the community to work with them without payment, under the condition that

whenever the individuals who helped the previous time need labour, whoever was helped

should provide help with labour too. I argue that titled communities might use these systems

more for agriculture because 1) I find evidence in the development plans of communities in

my research setting that titled communities could have a better organized set of norms to

promote these systems and discourage paying labour, and/or 2) because the decrease in

uncertainty provided by a safer environment of PRs can increase the motivation to engage

in more agricultural projects and hence, demand more labour and the use of these systems.

Although I do not find strong evidence of this using statistical inference, my data can be

limited to test these mechanisms precisely and I still suggest this could be a possibility.

Third, I test whether collectively titled communities have more capacity to exclude non-

members, which is part of Ostrom (1990)’s views to guarantee a better use of resources and

development. To test this I use deforestation and coca crops as a proxy for intrusion of

external agents. I find that there is no evidence of reductions in coca crops or deforestation,

and therefore, I find no evidence that this mechanism explains my results. Lastly, I test

whether collective property rights improve access to credit using information on requested

credit loans from the NAC, but I do not find any evidence that access to credit improves.

This study contributes to the literature on the effects of collective property rights or

communal lands. Most empirical studies have focused on the protection of forests. A meta-

analysis by Robinson et al. (2014) shows that studies of communal lands have found predom-

inantly positive correlations with deforestation in Africa, mostly negative correlations with

deforestation in Central America and somewhat mixed results in South America. Special

attention has been given to ejidos in Mexico (Busch & Ferretti-Gallon, 2020; Ellis & Porter-

Bolland, 2008; Perez-Verdin et al., 2009). The results have been mixed and some studies

have concluded that ejidos reduced deforestation because of improvements in governance

(Barsimantov & Kendall, 2012) while others have found that ejidos increased deforestation

by expanding cultivated lands and pastures (Rueda, 2010).
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Regarding indigenous communities, some studies have found that granting them commu-

nal titles can reduce deforestation (Baragwanath & Bayi, 2020; Blackman et al., 2017) while

others have found no effect (BenYishay et al., 2017). In Colombia, Romero and Saavedra

(2021) and Vélez et al. (2019) have found that collective titling in Afro-Colombian commu-

nities can reduce deforestation. Furthermore, there is evidence that collective titling can

reduce illegal crops, for example, Bonilla-Mej́ıa and Higuera-Mendieta (2019).

Regarding the effects of collective PRs on development, the evidence remains scarce. Ad-

hikari (2005) and Adhikari et al. (2004) find correlations which suggest that poorer house-

holds tend to suffer more restrictions to access communal forest resources for their economic

benefit in Nepal, and therefore benefit less from collective titling. Lawson-Remer (2013)

exploits a natural experiment by which collective PRs over fisheries were strengthened in

some regions of Fiji. This paper finds that strengthening collective PRs improves household

welfare in terms of food consumption, but it does not increase household income. Finally, a

related paper in Colombia, Peña et al. (2017) finds that collective PRs increases per capita

income, housing investment, and school attendance in the Department of Chocó. My paper

differs in several aspects. First, I focus mostly on agricultural results, which they do not

study. Second, the methodology is different. They use Analysis of Covariance (ANCOVA)

and ANCOVA combined with an initial matching. One similarity between Peña et al. (2017)

and this paper is that both find positive effects of collective PRs in school attendance, which

can add rigour to this result.

To the best of my knowledge, this is the first study analysing the effect of collective PRs

on agriculture. Overall, my findings have implications for development and environmental

policy. First, I provide suggestive evidence that collective property rights can potentially

alleviate poverty conditions in scenarios in which capital markets are limited. However,

further research needs to add more rigorous evidence to this case study as well as establish

possible mechanisms to improve access to capital markets Second, if formalizing community

tenure can be a good policy to protect important forests around the world (Baragwanath &

Bayi, 2020; Blackman et al., 2017), then the best way to guarantee the long-term viability of

these communal institutions to protect forests is to also guarantee that community members

benefit, since it is the benefits that accrue to local owners what motivates the enforcement of

those communal institutions. My results show that this viability might be possible. Further

research should continue adding rigour in this section of the literature.

This paper is organized as follows. In section 2 I lay out the background of the titling

process, section 3 presents the methodology and data. Section 4 presents the results as well

as robustness and falsification checks, section 5 presents mechanisms to explain my results

and in section 6 I conclude.
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2 Background

2.1 The Colombian Pacific and Law 70

The Colombian Pacific extends from the frontier with Panama to the north to the frontier

with Ecuador to the south, and from the west of the Andes Mountain Range to the Pacific

ocean, encompassing the Departments of Chocó, Valle del Cauca, Cauca and Nariño. In

this region, 90% of the inhabitants are Afro-Colombian, descendants of slaves brought from

Africa to work on mining exploitation during Spanish rule (Hoffmann, 2007; Velez, 2011).

Around 40 % of the population resides in rural areas along the basins of the 240 rivers of

the region (Velez, 2011).

The access to the riverside lands of this region depends on blood kinship (Basallo, 2010).

In this way, under the informal agreements of these communities, the ancestral possession

gives the right to the groups of descendants to exploit areas of the river. There is also a

collective use of forests, for which there are no necessary permissions or rights to exploit

and can be exploited by any recognized member of the community, as long as they abide

by the rules the community sets. As a result, the different forms of social organization in

the Afro-Colombian communities throughout most of the pacific region are determined by

rules of progeny. These rules determine the inheritance of the informal properties as well

as the rights that the members of the community have over the land of communitarian use

(Basallo, 2010).

The way the economies work in these territories is diverse. Poor Afro-Colombian com-

munities tend to use different forms of cooperation to overcome monetary restrictions. One

example of this is the system of mano cambiada, which translates exchanged hand, (I refer

to it like this from now on). The system of exchanged hand consists in using other members

of the community as day labourers for the economic activities of the farm, in exchange,

whoever received help should also work as a day labourer for those who helped him/her. As

Father Gonzalo de la Torre, an advocate for the communities in the Pacific, describes it:

”[...] there is no money, it is rather an exchange, I have these things I can

change them with you for those other things you have, they have even economic

forms to share, for example, the exchanged hand is [...] when they do not have

money but need help or the labour of other people, they ask them to give them

days of work in exchange for giving those days of labour back when the people who

helped them need labour [...] they have their laws, because they use it to a great

extent, because they do not have capital but they do have that communitarian

system influenced by religious believes [...]” (Baquero, 2015, p.93)
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In spite of having inhabited their territories for centuries, Afro-Colombian communities in

the Pacific did not have any formal PRs. They only had informal agreements that guaranteed

the control and possession of the land among them. As a consequence, they did not have

legal rights to control these territories, which the government even defined as ”an immense

forest reserved of unoccupied land” by a law passed in 1959 (Plant & Hvalkof, 2001). Based

on this law, policies to open the Pacific to commercial interest started to be implemented,

which further incentivized the extractive activities in the region (Ng’weno, 2000).

The status of unoccupied land of these territories had as a consequence that external

agents, such as mining or timber companies, in many cases authorized by national authorities,

could exploit the territories that the Afro-Colombian communities settled there considered

theirs. As a result of these tensions between external agents wanting to exploit natural

resources and Afro-Colombian communities struggling to keep their economies of subsistence,

in the decade of 1980s, communities started to organize and formed social movements to

generate pressure against the arrival of timber and mining companies (Offen, 2003; Peña

et al., 2017).

Under the support of Catholic missionaries, Afro-Colombians started to use networks

of communities in different settlements around rivers to carry out gatherings, from which

new movements started to constitute. The purpose of this new movements was to fight

the common threat all of them suffered at the hands of external agents trying to exploit

the resources of their territories (Restrepo, 2011). Therefore, these movements sought to

secure formal rights of access to natural resources in their territories, as well as to protect

their traditional systems of production by means of a new system of local rules, and were a

reaction to the absence of protection from governmental institutions. As one of the leaders

of one of these movements explains:

”Imagine, here there were six timber companies exporting timber overseas, the

one with fewer tractors, had around six logging tractors, around six timber tug

boats working the whole day. But the black communities did not have rights. The

government from Bogotá gave generous permits, they gave to some companies

permission for ten years, for twenty years to exploit our land and we could only

see. That is not the worse. The worse is that if they wanted to extract timber

near our farms, they could enter without our consent, extracting their timber and

destroying everything on their path.” (Restrepo, 2011, p.52)

All these movements found a solution in the new Constitution of 1991. The new Consti-

tution, in spite of not having the intention of addressing ethnic issues, redefined the coun-

try as multi-ethnic and multicultural, which increased the legal status of Afro-Colombian
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communities (Offen, 2003). Forced to back up the rhetoric with facts, and in response to

the pressure generated by the voices supporting the Afro-Colombian communities, the new

Article-55(AT-55), of the constitution requested congress to pass a law to guarantee collec-

tive PRs of the rural and riverside areas Afro-Colombian communities occupied. As a result

of this, in 1993, Law 70 was passed, a law that finally intended to guarantee the territorial

rights of the Afro-Colombian communities in the pacific.

With this law, the demands put forward by the community were formalized, which led

to the recognition of the communities as an ethnic group with the right and responsibility

to create their own rules and authority in their territories, and in particular, with the right

to exclude external agents. The latter was guaranteed by means of the decree 1320 of 1998,

which defined the right of the local government, which in this case are the communities

themselves, to be consulted before the implementation of any decision or project which affects

the communities of the territory (Velez, 2011). This mechanism is called prior consultation.

Furthermore, it was also forbidden by law to issue any individual private PRs, given that

this territories were now subject to collective titling.

With this new legal framework established by Law 70, the Afro-Colombian communities,

in order to have access to collective titling, the communities need to create a Community

Council (CC), as a political and territorial organizer, and which constitutes the authority of

the territory assigned to it. The first collective title was issued in 1996 to ACIA, organized

under with the name COCOMACIA. To this day, around 200 CCs have been titled, approx-

imately 6 million hectares, in which more the 70,000 families reside (see Figure 1) (Peña

et al., 2017; Renteŕıa & Cuesta, 2017).

2.2 Comunity Councils (CC)

The organization of the CCs consists in a General Assembly, Communal Board and a Legal

Representative (Renteŕıa & Cuesta, 2017). The General Assembly is formed by the repre-

sentatives of each rural district 4, who have the responsibility of choosing the members of

the Communal Board and of revoking their decisions according to the norms put in place

by the community (Renteŕıa & Cuesta, 2017). With regards to the Communal Board, it

has the role of negotiating and concluding agreements or contracts and to manage the prof-

its derived from them, as well as to manage development plans for the community, once

authorised by the General Assembly. Lastly, the legal representative is in charge of being

the official spokesperson with government institutions or external agents, for the decisions

already taken in the General Assembly or the Communal Board.

4I use rural district to translate what in Colombia is known as Vereda.
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Figure 1: Communal titles under Law 70 of 1993

Notes: Source ANT

In order to manage the territory under its own jurisdiction, CCs can create their own

regulations according to their customs and they have freedom to delimit, distribute and

preserve their resources as they consider appropriate (Renteŕıa & Cuesta, 2017). However,

in practical terms CCs do not function as the law establishes, due to the fact that there can be

disputes between CCs and other entities, such as municipality governments, which, in many

cases, overlap the territories, and could decide not to abide by their decisions (Renteŕıa &

Cuesta, 2017). Moreover, CCs do not receive financial resources from the government, which

can limit their capacities to carry out projects and make them rely on other governmental

authorities to invest in them.

Another aspect that is important to mention is that not everyone complies with the laws

in the territories. In many cases, inside titled territories, collective property has not replaced

the informal properties of some individuals, which use them as private property and trade

them in the informal land market, despite being forbidden by law (Velez, 2011). As a result,

formal collective PRs can coexist with informal private property (Velez, 2011).

2.3 CC of the Naya

The community of the Naya is located around the river with the same name, which divides

the departments of Cauca and Valle del Cauca. Cauca and Valle del Cauca, like most of
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the Colombian Pacific, have been heavily affected by the armed conflict and the presence

of illegal armed groups. A few consequences have been the massacre of the Naya River in

2001 in the municipality Buenos Aires (Cauca) and adjoining areas (Rutas del Conflicto,

2019b), and the massacre of Timbiqúı (Cauca) in 2011 in the municipality with the same

name (Rutas del Conflicto, 2019a).

The majority of CCs around Cauca and Valle del Cauca were already titled by the

early 2000’s. However, despite having requested formal collective titling of their land in

1999, which consisted of 190.000 Ha, the CC of the Naya did not receive the titling until

November of 2015. This was caused by institutional delays and a lawsuit started by the

University of Cauca, which claimed to have legal rights to around 97.000 Ha in the area that

was supposed to be granted to the CC of the Naya.

As I mentioned in the Introduction, the evidence adduced by the University of Cauca,

consisted in titles dating back to 1827, granted by the vice president at the time, Francisco

de Paula Santander and ratified by the then president Simon Bolivar . These titles gave the

right to the University of Cauca to exploit mineral resources in the area, and were supposed

to protect the university by making it more independent from the finances of the state in the

hectic early years of the Colombian independence, in which some public institutions would

depend on the willingness of current governments for their existence (Verdad Abierta, 2014).

“The libertador Simon Bolivar issued the decree of October, 6, 1827, by which

the rents for the economic life and sustainability of the University of Cauca

were defined. Among these, were the Convent of Dominicans, the Convent of

Saint Augustine, the Convent of Fathers Camilos, the Quilcacé Hacienda, and

the right of control over the mine of the Naya, among other real state and cap-

ital.” (Ocampo & Soler, 2012, p.104)

The University later acquired the rights not only to exploit mineral resources but property

over all this 97.000 Ha of land, with Law 153 of 1941 and Law 95 of 1944 (Verdad Abierta,

2014). However, to more modern Colombian institutions, these old titles were not enough

to claim possesion of the land, and in 2008, the Nacional Unit of Rural Lands (UNAT),

institution in charge of the regulation of territorial organization in rural areas, decided to

expire this old right to ownership of the University of Cauca had in this area (INCODER,

2015). One of the arguments against the University was that they barely used the titles and

the right of ownership over the land in almost two centuries (Verdad Paćıfico, 2011) (Verdad

Abierta, 2014).

The University of Cauca continued insisting, asking for judicial reviews of the case in the

Council of State. Nevertheless, the UNAT intended to continue with the titling process, but

10



in 2009, the process came to a halt again when this institution was dissolved, and some of its

functions were now assumed by the National Institute of Rural Developement (INCODER).

After this, in December 2009, the constitutional court of Colombia, ordered INCODER to

adopt the necessary measures without unjustified delays to continue with the titling process.

But it was not until December 2012 that Incoder was able to order a visit to the territory

with the purpose of gathering information on sociocultural, ethnohistoric and socioeconomic

aspects, as well as information on borders, all necessary to analyse the case in order to

approve the legal titling (INCODER, 2015).

A comission from Incoder visited between Febraury and April 2013 and based on this,

the 20th of August 2014, the comission decided that the collective legal titling could take

place. However, the comission only ordered the titling of 69.000 has, which excluded the

area under dispute with the University of Cauca. Since the expiration of ownership consisted

on 98.000 has and the land to be titled consisted on 178.000, the comission had to go back

again in September 2015 to also authenticate the areas approved the previous year so the

CC of the Naya could be protected against further legal actions (INCODER, 2015).

Finally, after all this tedious process and once a court denied the petitions made by

the University of Cauca in December 2014, the legal collective titling of the territory was

approved with the decree 06640 of the 19th of November 2015 (INCODER, 2015). See Figure

2

Figure 2: Territory granted to the CC of the Naya

Notes: Source ANT
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3 Data and Methodology

3.1 Territory

I restrict my analysis to the frontier between the Departments of Cauca and Valle del Cauca.

Apart from the CC of Naya, I only include in my main analysis Community Councils that

possessed fully recognized legal rights for their land before 2013. I do this because there are

CCs that receive collective titles but because of legal problems with other potential owners,

they have to open legal cases so that the government can return their land. This is the case

of the CC of Yurumangúı, next to the CC of Naya to the north (See Figure 2). In section 4.2

I elaborate more on the CC of Yurumangúı and present robustness to including communities

to the north. Since I do not include the CC of Yurumangúı and observations in the other

CCs to the north are too far from the Naya I restrict my main analysis to the territories

south of the CC of the Naya. Figure 3 presents each of the CCs as well as the farms in the

area. Table 1 presents the number of individuals that the geo-referenced data from NAC

registers in each territory, the year of titling and the date the titling was requested.

Figure 3: Boundary and Territories Chosen for the Analysis

Notes: This figure presents the CCs chosen for the analysis. Source: ANT, CNA

It is important to mention that in collective territories, there are communal lands, where

resources managed collectivelly, as well as private places, such as family farms and the house

where a household resides. Therefore, a farm or UPA is normally a space for a family, and
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Table 1: Farms and titling in each community

Community Farms Area (ha) Request Date Titling Date
Basin of the San Bernardo River Patia norte 253 25652 May 24, 2000 November 18, 2002
High Section of the Saija River 789 19927 May 24, 2000 December 3, 2002
Low Section of the Saija River 488 16116 May 24, 2000 December 4, 2002
The Playón of the Sigúı River 338 45991 May 24, 2000 October 6, 2004
San Joc High Section of the Micay River 520 14561 May 24, 2000 October 6, 2004
Integration of the Chuare River 933 25658 May 24, 2000 October 6, 2004
The Mamuncia 859 34252 October 3, 2001 December 1, 2005
Mangroves of the Micay River 593 38747 May 24, 2000 February 1, 2006
Naya 1727 177817 November 7, 1999 November 19, 2015
Total 6500
This table presents the farms I use in my analysis. I excluder other ethnic groups apart from Afro-Colombians. The latter represent
93% of the population in these territories. Titling date refers to the date each Community Council received the formal collective
titles. Source: ANT, CNA, Decrees 1645, 1647, 2064, 2431, 0275, 2004, 2245, 6640, 3305, 1131 and 1646 of each titling date,
respectively.

it is managed privately, despite the fact that the property rights for all the territories of the

community are collective. As Table 1 shows, the CC of the Naya has the largest area, as

well as the most farms and population in the census. It is followed by the CC Integration of

the Chuare River with almost half its population. This is convenient in terms of sample size

because the amount of farms in the CC of the Naya is not different from the population of

the CCs just below. This implies that at some bandwidths the disproportion in observations

between the treatment group and the control group is high, but estimations could still be

feasible. This could have been a concern due to the fact that there is only one CC as

counterfactual. Table 1 also presents the date of the titling request. This is important

because it shows that the titling was requested very close to the other communities, which

further supports the idea that the delay was external to the CC of Naya, and not by internal

issues of the CC, such as problems with coordination due to lack of leadership or larger

population 5

Figure 4 shows how my research setting is divided between three municipalities. Most

of the territory belongs to López de Micay, however, a small fraction to the north and south

belong to Buenaventura and Timbiqúı, respectively.

3.2 Data

My primary data source is the 2014 National Agricultural Census (NAC), carried out by the

National Department of Statistics (DANE). The NAC collected georeferenced information

for 98.9% of rural households and enterprises in Colombia, covering almost all the rural

population in the country. The publicly available datasets include all the information except

the coordinates of the households interviewed for the census. I obtained the coordinates in

a data room at Universidad of the Andes by signing a confidentiality agreement. I combine

5Requesting the title very likely implies that the community has a CC, given that this is a requirement
to be eligible for collective titling. See section 2.1
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these coordinates with maps and boundaries with the territories around the CC of the Naya

to assign whether a households and families live inside or outside titled territories. I obtained

the maps from the National Agency of Land (Agencia Nacional de Tierras, NAL).

The data from the NAC has several levels of information. The main unit of information

is the Unit of Agricultural Production (Unidad de Producción Agropecuaria , UPA or farm

from now on). The UPA is defined by a rural plot of land, and the census describes in

detail the activities carried out in it (agriculture, fishing, livestock farming). If the UPA has

residents, then, the census organizes them into dwellings, households (HH) and individuals,

collecting information across all these levels. For context, on average in my research setting

UPAs have on average 1.16 houses, 1.14 HHs and 4.67 individuals. To avoid capturing effects

from indigenous communities with different forms of governance and institutions, I exclude

all other ethnicities apart from Afro-Colombians 6.

Table 2 presents all the variables from the Census I use in my analysis. I explain how

I calculate all these variables, including the revenues in Appendix A. Columns(1)-(5) and

(6)-(10) present basic summary statistics for collectively titled CCs and the CC of the Naya,

respectively, and Columns (11)-(12) present statistics for the difference in means. Overall,

the population in my research setting is relatively young, on average 24 years old. The rates

of forced displacement due to conflict are very high, about 42% for titled HHs and 58% for

controls.

In general, a simple mean difference comparison suggests that titled farms are larger in

extension, cultivate more and their area and revenue shares from perennial crops are higher.

Furthermore, titled farms also tend to request more credits, have more day labourers working

in their farms and use more fertilizers and pesticides. On the other hand, control farms seem

to have higher revenues per hectare and sell their products more as opposed to using them

for self-supply.

In Table 7 in Appendix B I presents the most common crops perennial and transitory

crops in my research setting. Banana trees, plaintain trees, peach palm, coconuts and

paneling cane are the most common perennial crops, and represent 43.7% of all crops. On

the other hand, the most common transitory crops are white corn, yellow corn, chayote plant,

cassava and yam, which represent around 26% of all crops.

Additionally, I use data sources for geographical variables as well as for variables on

coca crops. I use this data for my balance checks, and it includes information on elevation,

precipitation, forest cover, deforestation, mining permits, coca crops and distances to close

urban centres. I discuss this data in detail as well as their sources in Appendix A.

6About 93% of UPAs inside Afro-Colombian territory are Afro-Colombian, and the rest are predomi-
nantly indigenous living close to indigenous Resguardos
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Table 2: Summary Statistics Agricultural Census 2014

Collectively Titled CCs CC of Naya (Control CC) Difference
Obs Mean SD Obs Mean SD Diff (2)-(7) SE
(1) (2) (3) (6) (7) (8) (11) (12)

Individuals and Households (HHs)
Men (=1) 19,758 0.517 0.500 9,603 0.495 0.500 0.022 0.006***
Age 19,758 24,621 19,221 9,603 24.396 19.259 0.226 0.239
School Attendance (=1) 5,854 0.833 0.373 2,878 0.837 0.369 -0.004 0.008
Number of Adults in HH 4,947 2.203 1.317 2283 2.279 1.332 -0.076 0.033***
Displaced (=1) 4,947 0.415 0.493 2283 0.580 0.494 -0.165 0.012***

Farms-Agriculture
Total Area Farm 4,773 12.261 37.027 1,727 6.517 22.276 5.744 0.948***
Cultivated Area 4,773 8.138 20.454 1,727 4.363 11.169 3.774 0.518***
Share Area Perennial 4,773 0.539 0.365 1,727 0.462 0.268 0.077 0.010*
Share Revenue Perennial 4,773 0.733 0.390 1,727 0.593 0.443 0.141 0.011***
Share Area Transitory 4,773 0.239 0.292 1,727 0.204 0.258 0.035 0.008***
Share Revenue Transitory 4,773 0.243 0.375 1,727 0.227 0.361 0.016 0.010
Sell (=1) 4,773 0.787 0.410 1,727 0.849 0.358 -0.063 0.011***

Farms-Means of production
Requested Credit (=1) 4,773 0.038 0.192 1,727 0.010 0.102 0.028 0.005***
Permanent Workers 4,773 3.216 2.946 1,727 3.098 4.286 0.117 0.094
Workers from HH 4,773 1.964 1.282 1,727 2.207 1.508 -0.243 0.038***
Day Labourers 4,773 3.875 13.976 1,727 0.971 6.381 2.903 0.349***
Electricity Generators (=1) 4,773 0.198 0.399 1,727 0.071 0.257 0.127 0.010 ***
Chemical Fertilizers (=1) 4,773 0.066 0.248 1,727 0.027 0.161 0.039 0.006***
Organic Fertilizers (=1) 4,773 0.054 0.227 1,727 0.043 0.204 0.011 0.006*
Chemical Pesticides (=1) 4,773 0.091 0.287 1,727 0.030 0.169 0.061 0.007***
Organic Pesticides (=1) 4,773 0.015 0.123 1,727 0.015 0.122 0.000 0.003
Private Tenancy 4,773 0.373 0.484 1,727 0.446 0.497 -0.073 0.014***
Collective Tenancy 4,773 0.502 0.500 1,727 0.522 0.500 -0.020 0.014

Crop level variables
Revenue per ha (Mill COP 2013) 21,681 3.232 3.292 5,585 4.809 7.423 -1.577 0.067***
Notes: Columns (1) to (5) and (6) to (10) present summary statistics and columns (11) and (12) present a difference in means for the
observations in my research setting. Perennial and Transitory refers to the type of crops cultivated. I calculate the area and the revenue
devoted to both crop types. Private tenancy and collective tenancy refers to whether farmers report their farms as privately owned or
collectivelly owned. Source: CNA.

3.3 Research Design

Given that the titling is not determined by a random process, estimating its impact becomes

an empirical challenge. For example, communities that were granted lands generally live in

forests, near rivers or rural areas, whereas their counterparts live closer to urban centers.

Moreover, the lack of disaggregated data available for this region of the country also becomes

a limitation.

In order to overcome this challenge, I exploit the delay in the titling process of the CC of

the Naya. I argue that this provides an exogenous source of identification, since the other CC

territories in Cauca and Valle del Cauca near the CC of the Naya have similar socioeconomic

and cultural characteristics, as well as similar motivations to be part of the titling process.

15



That is to say, they are Afro-Colombian communities mostly settled around rivers, which

have suffered the armed conflict, and whose main difference is that some of them happened

to be delayed in the titling process by bureaucratic problems.

Given that the NAC was carried out between 2013 and 2014, and the legal titling of

the CC of the Naya took place in November 2015, I can use the CC of the Naya as a

counterfactual for the communities around that received the titling in the early 2000s (see

Table 1 and Figure 3

I use the methodology of spatial regression discontinuity, described by the following

equation:

Yi,u,v,c,m,s = α + δT itledc + f(geographic locationu) + β1X
′
i,u + κm + θs + ϵi,u,v,m,s (1)

Yi,u,v,c,m,s is the outcome variable of interest for individual i from UPA u in rural district

(vereda) v, in Community Council c, in municipality m, assigned to boundary segment s.

Titledc is an indicator equal to 1 if the UPA is inside a collectively titled community and

equal to 0 otherwise. X ′
i,u can indicate characteristics such as gender, age, number of adults

in household and the size of the UPA. κm is a municipality fixed effect (see Figure 4) and

θs controls for the closest CC boundary segment. I divide the boundary segments using the

boundary to each CC to the south of the CC of the Naya between the CC of the Naya. I

define 3 boundary segments. The CCs are Mangroves of the Micay River, The Mamuncia,

and I define also one boundary segment for the lines of CCs Integration of the Chuare River

and The Playón of the Sigua River (See Figure 5). I combined the last two boundaries

because 1) the boundary of the Playón of the Sigua River is relatively short and 2) due to

the low population density in this part of the frontiers there are no titled farms whose closer

boundary is this small segment.

Following Cattaneo et al. (2019) and Gelman and Imbens (2019) my baseline specification

is a local linear polynomial in distance to the border of the titled territories. I use trian-

gular weighting kernel and calculate the optimal bandwith bw using the MSE-minimizing

procedure suggested by Cattaneo et al. (2019). I also present the results using wider bw,

10km and 15km and check robustness to different other forms or kernel, RD polynomial and

bandwiths in subsection 4.2. It is likely that rural districts (veredas) group more similar

individuals and therefore using standard errors clustered at the rural district level could be

the best option. However, even at the largest bandwidths I still have too few clusters. For

example, at a 15km bw, I only have 20 veredas and at a 20km bw I only have 24. Given that

using fewer clusters than 30 can lead to overly optimistic standard errors (Cameron et al.,
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2008; Cameron & Miller, 2015), I do not cluster standard errors for my main specification.

Nevertheless, I present my main results in Appendix C.6 using different forms of clusters as

a robustness check.

The coefficient of interest is δ, the effect of having collective property rights versus not

having property rights. In the case of this study, however, it is also important to mention

that the delayed communities were likely expecting to have titles in the future, given that

this could also potentially influence their decisions. The intuition behind the specification is

that the historical accident described before and the inefficiency in the bureaucracy of the

Colombian government, left many UPAs without collective titles, due to delays. Otherwise,

this UPAs would have been titled more or less at the same time their neighbour communities

received the titling. Therefore, the CC of the Naya as well as the communities around it

should have the same relevant characteristics previous to the titling process started in the

territories, such as geography, culture, history, institutions as well as exposure to violence

due to armed groups in the territories.

It is very difficult to determine how the frontiers between the Afro-Colombian commu-

nities were established, and how they decided to create separate CCs, and therefore, to

determine exactly how the frontier between the CC of the Naya and the other CCs was

formed. However, as it was mentioned before in the background of the communities, the

ties of the community and the land depended on kinship as well as on the geographical

proximity to the river settlements (Basallo, 2010; Restrepo, 2011). As a result, it is likely

that the sense of belonging to a certain community and therefore, the eventual organization

as a collective entity to form a CC, can be explained in many cases by the proximity to

geographical features, such as rivers 7.

Therefore, these frontiers were likely defined using geographical features, such as the

proximity to river basins. However, under the assumption that the CC of the Naya was

similar to the other CCs, and that the only relevant difference was the historical accident

mentioned before, the definition of the frontiers would likely still be as good as random. Even

if they were not defined that way, the frontiers would not reflect relevant characteristics which

affect the outcome variable, such as differences in ethnicity, urbanization or development;

but variables like closer family ties or closer geographical proximity to one river basin and

not another, which would likely not affect the results. Nevertheless, it is important to take

into consideration that the frontiers were not determined in a random process, and given

that there is no information available it would require ethnographic fieldwork to know for

certain. For that reason, this is beyond the scope of this study.

7In fact, all the CCs in the area take the name of the important rivers of the territory, see Table 1
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3.4 RDD Assumptions and Limitations in Identification

The RDD approach requires two identifying assumptions. The first assumption is that all

relevant factors should vary smoothly at the boundaries separating the territories with and

without collective PRs. This assumption is necessary to guarantee that the UPAs in the CC

of the Naya are an appropriate counterfactual for the UPAs inside the titled territories.

One important concern that arises from this is that the titled communities obtain the

collective PRs because of characteristics that could explain the outcome of interest. For

example, if the areas that were titled were better administrators and had more political

influence, then the effects that I find at the end would likely reflect these traits and we

would not know if the effect was due to the titling. However, whether some UPA belonged

to a titled territory is a deterministic and discontinuous function of whether it is inside or

outside a titled territory. Consequently, as explained in section 2.4, this is unlikely to be the

case given that the titling did not depend on characteristics of the CCs, but on exogenous

legal problems with the University of Cauca. Thus, it is unlikely that the titling boundaries

were selected based on relevant characteristics that also vary discontinuously at the border.

Another potential concern could be that since the title granted to the University of Cauca

in 1827 was initially to exploit resources in the mines of Naya, there could be discontinuities in

mining resources. This is unlikely because throughout the Colombian Pacific the settlements

of Afro-Colombian communities historically were located for mining. To be able to receive

collective titles, communities had to prove ancestral ties to the land, and if this is the case,

then they likely were in those territories for centuries, which means their ancestors work

in mining and were probably slaves. Moreover, titled communities in my research setting

include norms of mining and describe their mining traditions in their development plans.

(Consejo Comunitario Integración, 2008; Consejo Comunitario Los Manglares, 2012; Consejo

Comunitario Manglares, 2012; Consejo Comunitario San José, 2012). I still use historical

mining permits, mainly from the 90s, in my balance checks to alleviate this concern.

One even more relevant concern is difference in violence. There are illegal armed groups

present in this region of the country, and a legitimate concern can be that either the treatment

or the control group had been more exposed to violence. In order to show that the results

are not biased by unbalances in violence I also add some variables that reflect crime in my

balance checks. As I show in Section 3.1, close to half the population in the treatment and

control group suffered some sort of displacement. Therefore it is necessary to verify that

violence does not vary discontinuously at the cut-off. To show evidence that my results do

not present this problems, some balance checks are presented in Table 3.

Table 3 presents mean differences as well as RDD estimates using specification 1.

Since the majority of outcomes come from satellite information, I use as unit of observation
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Table 3: Balance on Geopraphic and Pre-Titling Characteristics

Within 30 km Within 20km RD Estimates
Collectively titled CC of Naya SE Collectively titled CC of Naya SE RD Coefficient SE

(1) (2) (3) (4) (5) (6) (7) (8)
Geographic Characteristics
Elevation 394.421 512.100 225.780 414.788 477.394 212.865 -90.866 91.896
Precipitation (Avg) 391.481 366.037 43.101 387.592 370.821 43.369 1.672 12.622
Precipitation (SD) 87.792 87.932 7.630 87.542 88.356 7.891 -0.529 1.942
River (=1) 0.347 0.344 0.039 0.355 0.357 0.043 0.092 0.076
Obs (Grid cells) 578 515 449 487 549

Natural Resources
Forest Cover (2000) 0.959 0.946 0.010 0.959 0.948 0.010 -0.002 0.009
Deforested pixels (2001-2002) 3.648 3.173 1.163 3.266 3.343 1.216 1.857 1.448
Mining Permits 0.085 0.161 0.136 0.092 0.136 0.122 -0.019 0.040
Obs (Grid cells) 578 515 449 487 549

Location and Urbanization
Distance to closest capital 86.892 76.629 8.725 84.834 77.795 8.385 -1.338 1.208
Nighttime Lights (Avg 1992-2002) 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Obs (Grid cells) 578 515 449 487 549
Distance to closest capital (Farms) 87.356 90.550 6.793 85.110 90.557 7.503 1.392*** 0.161
Obs (Farm-UPA) 3,911 1,727 3,221 1,725 3,036

Violence and Crime
Coca Crops has/cell (avg 2001-2002) 0.207 0.220 0.141 0.111 0.232 0.129 0.053 0.064
Obs (Grid cells) 578 515 449 487 549
Displacement (1980-2002) 0.144 0.451 0.074*** 0.170 0.452 0.018*** 0.009 0.063
Obs (Household) 3,941 2283 3,170 2,381 3,140
Notes: The unite of observation is a 2km by 2km cell for all the variables except Displacement, which is at the household level. Columns 1,2 4 and 5 present the mean of each variable.
Columns 3 and 6 present clustered standard errors at the rural district level for the difference in means. Columns 7 and 8 present the estimated RD coefficient and the convencional standard
error using a local linear specification on each side of the titling boundary and using triangular kernel. I use a fixed bandwidth of 10km for all variables. All regressions include a dummy of
municipality and boundary segment fixed effects. *p < 0.10, **p < 0.05, ***p < 0, 01

cells of 2km by 2km. While some of the variables present significant differences in means

at different distances from the boundary, the RDD coefficients do not show evidence of

discontinuous changes at the boundary, neither in geographical variables and nighttime lights

nor in variables reflecting potential levels of violence in the region, like coca crops. The

distance to the closest capital calculated from each farm presents a statistically significant

discontinuity, however, it is very small in relation to the mean, and it is unlikely to have

economic significance.

Given that the variable displacement is self-reported I only have the observations that

either stayed or returned. However, in spite of the limitations of displacement to accurately

determine levels of violence in the territory, displacement can be an approximation for how

much the farmers that remained in the territory were individually affected by violence before

the treatment. I do not find discontinuities in this variable either.

The second important assumption for the RD approach to work is that there is no selective

sorting across the treatment threshold. This would be violated if the observations in the titled

territories or in the territories without titles had migrated to the other side of the boundary

once the boundaries were established. This is very difficult to determine because of the lack

of data in this region of the country and because the boundaries of the titled territories are

not defined with boundaries of municipalities 8. In fact, most of the area of study for the

8If this were the case I could check migration between municipalities in the 2018 Census
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treatment and control group is just one municipality, Lopez de Micay.

What the ethnographic evidence suggests is that migration from outside to inside a titled

community might be low, because the rights to exploit the land come from ancestral ties

to the land, that is to say, individuals normally have rights over the land according to

the community because their ancestors were also part of the community (Basallo, 2010).

Moreover, when there is migration, it is more common for people to migrate to places like

larger urban center looking for better opportunities, instead of migrating to very similar poor

rural places. This would imply that they would migrate outside of the area I am studying,

which would not affect my results.

Given the high rates of displacement in this region, one common form of migration could

be forced migration due to violence. One example of this is that because of attacks of ilegal

arm groups, people could move to different places to be safe and stay there, and this could

increase poverty. However, when this happens people normally migrate to safer places or

cities and not close to where they experienced the displacement, in similarly violent places.
9.

Although migration could be unlikely in my research setting, I still use a test with the

available data from the NAC to show my results are robust to migration 10. In order to this

I estimate equation 1, but excluding UPAs that did not report crops before 2002. The idea

is that the UPAs that did report crops before are unlikely to be migrants and have been

living in the same place before the titling process started. I present these results in Table

10 in Section 4, along with other robustness checks.

More broadly, there are limitations with the identification strategy. First, It is impor-

tant to take into account that my results are estimated using only the CC of Naya as a

counterfactual. Therefore, there is a possibility that my results could be driven by intrinsic

characteristics of the CC of Naya. For example, CCs could have differences in terms of

leadership. This is analysed by Lobo and Vélez (2022), which shows how leadership in CCs

can be determinant in reducing illegal crops. This could be concerning due to the fact that

leadership and control over the territory could also affect development. Although the delay

in titling was not due to lack of leadership, it is still important to acknowledge this potential

limitation.

Second, there is also a limitation in terms of external validity. Since I only analyse one CC

as a counterfactual, it is possible that my results cannot be generalized to other CCs in the

Colombian Pacific. Further research needs to determine this. Finally, it is worth mentioning

9Considering that the area I study is very small and observations in the extremes of the control and
treatment are rarely more 40 km away from each other.

10Another hurdle to test migration is that the NAC does not have information on migration or questions
related to the amount of time living in the house.
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that farmers in the CC of Naya were expecting to have collective titles in the near future.

This could also influence their decisions, and could be different to comparing collectively

titled communities to a scenario of complete absence of formal titles in the present and near

future.

4 Results

In this section I present the main results I find using specification 1. First I present the effects

of collective PRs on agriculture and human capital in subsection 4.1. Then I show robustness

and falsification tests in subsection 4.2. I present other additional results in Appendix E. In

Appendix E.2 I analyse whether inside communities with collective PRs private property still

persists and in Appendix E.3 I analyse whether there is an effect on the commercialization

of forest crops.

4.1 Effect of Collective Titling on Development

Table 4 presents the effects of collective titling on agriculture. Given that I use the Rural

Census, my analysis focuses on farmers whose primary economic activity is agriculture. For

each outcome, I show the RDD coefficient using the optimal bandwidth as well as a fixed

bandwidth at 10km and 15km. I analyse first whether collective titling had an effect on

agricultural yield, which I proxy using a measure of revenue per hectare specific for each

crop. I detail how I calculate this in Appendix A. I use two measures for this, the first one,

in Panel A, columns (1) to (3) is simply the standardized revenue per hectare, while for the

second one in columns (4) to (6) I exclude all the observations with zero revenue per hectare

and calculate the logarithm of this variable.

The results in Panel A show that the standardized measure is highly significant using all

the bandwidths, and shows that titling increases agricultural yield between 0.19 and 0.06

standard deviations above the mean, depending on the bandwidth. Colomns (4) to (6) show

that the logarithmic form is also significant and robust to bandwidth. Although not signif-

icant at the optimal bandwidth the logarithmic form reports an increase of 6.4 percentage

points at 10km, significant at 1%, and 8.4 percentage points at a fixed bandwidth of 15

km, also significant at 1% confidence level. It is important to take into consideration that

sometimes my estimations produce very small optimal bandwidths, which makes even more

important to show the results using more distances, given that sometimes small bandwidths

do not have many observations and statistical power. Therefore I show in subection 4.2

Figure 8b that these effects are very consistent in different bandwidths from 1km to 20km.
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It is also worth mentioning that these results should be taken only as an indication and as

suggestive evidence of increases in yield, given the limitations the prices used to compute

revenues can have, as I mention in Appendix A.

Moreover, I compare differences in crop choices by looking at how farmers specialise

in perennial and transitory crops. Transitory crops require lower levels of investment and

generally do not last long, and therefore need to be replanted each year or season. On the

other hand, perennial or permanent crops do not need to be replanted, but tend to be more

expensive. Analysing crop choice is important because this can reflect attitudes towards

uncertainty or investment constraints, which can result in poverty traps. I analyse whether

this attitudes change having formal collective PRs vs not having any PRs in Panel B and C.

In Panel B columns (1) to (3) I analyse whether titled UPAs devote a higher share of

their land to perennial crops. I find that at the optimal bandwidth, 7.1 km, collectively

titled farms devote 32 % more of the total area of the farm to perennial crops, significant at

the 1% confidence level. This effect is very consistent to bandwidth, at 10 km this increase is

27.5 % and at 15 km it is 21 %, both significant at the 1% level. Columns (4) to (6) present

the effect on share revenue, however, I do not find any significant effect at any bandwidth.

In Panel C, I analyse share area and share revenue in transitory crops. columns (1) to

(3) show that there seems to be a negative effect. At the optimal bandwidth, 3.47 km, the

area share of land devoted to transitory crops decreases 18% and this is significant at the

1% confidence level. At 10km, the effect is −1.6%, however, this effect is not significant, and

at 15km, the effect is −0.029%, also not significant. Therefore, there seems to be a negative

effect, but the significance is not consistent,and it does not seem to compensate the effect

on share found in Panel C. It is possible that instead of replacing only transitory crops to

cultivate perennial crops, farmers replace also other plantations, such as forest crops. Finally,

with regards to revenue share in Panel C, I find an effect of 0.055 % and 8% at 10km and

15km, significant at 10% and 1% confidence level, respectively.

In Panel D, I also calculate the effect for whether farmers commercialize their products

or only use them for self-consumption columns (1) to (3). The results are not significantly

different from zero, therefore, I do not find any evidence that farmers with collective PRs

sell their products more. When comparing cultivated area in columns (4)-(6),

Columns (4) to (6) present the results for education. Columns (1) to (3) show that collec-

tive PRs have a significant positive effect on school attendance. At the optimal bandwidth,

this effect is 19%, significant at the 1% confidence level and at 10 km and 15 km this effect

is 18% and 9.2%, significant at the 1% and 5% confidence level, respectively. Therefore, I

find evidence that collective PRs improve school attendance. In the next section, I explore

possible mechanisms why this happens.
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Table 4: Effect of Collective Titling on Agriculture

Panel A: Agricultural Revenue
Ag. yield (Standardized) Ag. yield (Logarithmic)

(1) (2) (3) (4) (5) (6)

Titled 0.198*** 0.069*** 0.060*** 0.006 0.062*** 0.081***
(0.054) (0.022) (0.024) (0.009) (0.007) (0.009)

Bandwidth Choice Optimal Wide Wide Optimal Wide Wide
Bandwidth 3.046 10.000 15.000 2.519 10.000 15.000
Obs. Inside 6,386 11,424 14,312 4,503 8,884 11,123
Obs. Outside 203 2,202 4,247 130 1,567 2,929
Mean Dep. Var -0.129 0.002 0.038 14.928 15.030 15.078
SD Dep. Var 0.758 0.950 1.059 0.807 0.894 0.880

Panel B: Perennial Crops
Perennial Crops (Area Share) Perennial Crops (Revenue Share)

(1) (2) (3) (4) (5) (6)

Titled 0.319*** 0.275*** 0.204*** -0.088 -0.042 0.008
(0.054) (0.047) (0.037) (0.077) (0.048) (0.042)

Bandwidth Choice Optimal Fixed Fixed Optimal Fixed Fixed
Bandwidth 7.101 10.000 15.000 3.301 10.000 15.000
Obs. Inside 1,927 2,285 3,120 1,211 2,285 3,120
Obs. Outside 163 751 1,338 62 751 1,338
Mean Dep. Var 0.399 0.396 0.402 0.588 0.589 0.622
SD Dep. Var 0.315 0.312 0.304 0.429 0.436 0.430

Panel C: Transitory Crops
Transitory Crops (Area Share) Transitory Crops (Revenue Share)

(1) (2) (3) (4) (5) (6)

Titled -0.180** -0.016 -0.029 -0.016 0.055* 0.080***
(0.067) (0.033) (0.027) (0.046) (0.030) (0.027)

Bandwidth Choice Optimal Wide Wide Optimal Wide Wide
Bandwidth 3.126 10.000 15.000 2.834 10.000 15.000
Obs. Inside 1,198 2,285 3,120 1,173 2,285 3,120
Obs. Outside 62 751 1,338 62 751 1,338
Mean Dep. Var 0.305 0.296 0.285 0.390 0.331 0.297
SD Dep. Var 0.290 0.296 0.296 0.423 0.411 0.398

Panel D:
Sale (=1) School Attendance

(1) (2) (3) (4) (5) (6)

Titled -0.027 0.019 0.039 0.189*** 0.181*** 0.092**
(0.079) (0.067) (0.052) (0.070) (0.049) (0.038)

Bandwidth Choice Optimal Wide Wide Optimal Wide Wide
Bandwidth 6.767 10.000 15.000 2.097 10.000 15.000
Obs. Inside 1,896 2,285 3,120 2,069 2,987 3,632
Obs. Outside 163 751 1,338 97 993 2,083
Mean Dep. Var 0.838 0.831 0.831 0.849 0.854 0.842
SD Dep. Var 0.368 0.374 0.375 0.358 0.354 0.365
Notes: For all panels I estimate specification 1. All regressions a use local linear specification on both
sides of the titling boundary and use triangular kernel. The optimal bandwidths are in kms and are
calculated using the methodology suggested by Cattaneo et al. (2019). The observations are at the crop
level for Panel A and at the UPA level for Panel B, C and for the outcome sale. For school attendance are
Observation are children aged 6 to 17 years old. I use boundary fixed effects, municipality fixed effects,
the size of the UPA in hectares, and forced displacement as covariates for all variables. For Panel A I
also use crop fix effects as covariates and for school attendance I also control for gender, age, number of
adults in the household.
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4.2 Robustness

In this subsection I provide tests of robustness for my results in subsection 4.1. All of

this results are in Appendix C I first present robustness to bandwidth from 1km to 20km

in Appendix C.1. For context, the furthest observation to the frontier in the CC of the

Naya is at almost 21km. Therefore, this range of bandwidths covers the immense majority

of observations of the CC of the Naya. Second, I analyse the robustness of my results to

different kernel and polynomial specifications in Appendix C.2. Third, I present a test of

robustness to migration in Appendix C.3. Fourth, I estimate my results using a donut RDD

to account for measurement error in the distance to the frontier C.4. Lastly, I move the

frontier to placebo cut-offs and calculate my results again using this placebo frontiers C.5.

Overall, my results are robust to the majority of these robustness checks.

Migration Test

For this test I remove all observations in my sample that did not report having crops in

2002 or before. The idea behind this is that in December 2002 communities in my research

setting started to receive titles (see Table 1 and Figure 3 ) . As a result, observations that

have crops from 2002 or before were there before the titling started and therefore are unlikely

to be migrants. If there is any selective sorting after the treatment, by only keeping these

observations with crops before the tiling I would be removing all observations that could be

potential migrants. Once I do this I estimate all the outcome variables the same way I did

in Section 4 with this sample without ”potential migrants”. I present the results of this test

in Table 10.I find that, overall, my results do not change significantly and are robust to this

test of migration.

Donut RDD

Even if there is no migration, this strategy is helpful to analyse the sensitivity of the

results to the extrapolation in local polynomial estimation, given that the few observations

near the boundary tend to be the most influential in the estimation process. Furthermore,

given that I only observe the exact coordinates within each farm where the interview took

place and not the exact extent of the properties, it could happen that farms very close to the

boundary actually are on the other side. Therefore, to make sure my results are not driven

by this type of measurement error, I estimate equation 1 again dropping all data points

within 1km, 3km and 5km; and check whether my results are robust to this. In Appendix

C.4 I present all the results of this. I find that agricultural yield is sensitive to this test.

Although the estimates are positive, these are not significant. However, the logarithmic form
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without zeros is robust to all the donut sizes I used. This could suggest that dropping zero

obervations, which could be farms that do not produce, may be more reliable. All the other

results do not change significantly and are robust to this test of migration.

Placebo Falsification Test

I now use arbitrary cut-offs to estimate the outcome variables. If the results I found in

Section 4 are truly the effect of titling, I should not find significant discontinuities of the same

magnitude by moving the frontier and estimating my results again with this new placebo

cut-offs. I present the results of this test in Appendix C.5. I Figure 10a I show 5 cutoffs.

-15 km from the frontier, -10 km, 0 km, 10km and 15 km from the frontier. 0 is the original

cut-off, and the negative cutoffs use only observations with titled observations, whereas the

positive cut-offs use only observations that did not receive the titling. Overall, I find that

some results are robust while other seem to have effects for the placebo cut-offs.

For example, regarding my main results, the outcome agricultural yield does not have any

significant placebo. School attendance only has one significant placebo out of four, which has

an opposite sign to my main result, and is small in relation to the magnitude of the latter.

This suggests that these two results are reliable and are possibly driven by the collective

titling process.

As oppose to this, the outcome ”perennial crops (area share)”, has two significant place-

bos out of for. This could raise concerns on the validity of my results, however, two aspects

are worth noticing. First, the placebo at +15, significant at the 5% confidence level is neg-

ative and it is very small, about a fifth of the main estimate. This could be the result of

geographical discontinuities, such as rivers. Second, The placebo at -10, significant at the

1% could be more concerning given that it has the same sign, although the estimate is still

small in relation to the main estimate. It is also important to take into consideration that

at -10 I am only analysing titled communities, that is,10 km the south to the boundary in

Figure ??. Since Law 70 gives liberty to each Community Council to decide the rules over

the territories, the placebos in this area could be reflecting differences between Community

Councils. For example, in Figure 3, -10km could leave the cutoff close to the boundary

between CC The Playón and CC Integration. Further research is needed to determine the

differences between communities, however, this placebo (-10) seems to suggest that the dif-

ferences between titled communities, if there are any, are significantly smaller than between

titled communities and communities without titles.

Alternative Clustering
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I did not cluster my standard errors in my main specification given that I have very few

clusters and this could lead to optimistic standard errors (Cameron et al., 2008; Cameron

& Miller, 2015). For example, at a 10km bandwidth I only have 17 clusters and at 15km I

only have 20. Taking into consideration that in rural Colombia individuals are more likely

to be similar at the rural district level, I cluster my observations using Nearest Neighbour

clustered (NN-cluster) and Cluster standard errors. In Appendix C.6 I show my results using

this alternative specifications for comparison. I find that, overall, there are no significant

differences in the interpretation of my results when changing variance-covariance matrix

assumptions.

Including CCs to the north

I do not include all the communities surrounding the CC of the Naya in my research

setting. One community to the north of the CC of the Naya, the CC of the Basin of the

Yurumangúı river (see Figure 12) had problems with ancient royal titles. The community

seemed to have receive the titles in 2000, but the government did not register the titles

because the land was also owned by a family since 1745 (Tierra en Disputa, 2018). The

family sold the land to a company, Pacific Mines S.A.S, to exploit the territory. This legal

problem was not solved until 2018, in favor of the CC of the Basin of the Yurumangúı(Tierra

en Disputa, 2018). Since the purpose of this study is to analyse the effect of having collective

titles on development, and this community technically did not have them11 I exclude this

CC from my analysis and focus on the CCs to the south. However, here I analyse whether

this CC improved in relation to the CC of Naya and whether including it with all the other

collectively titled CCs affects my results. I present this in Table 14. Overall, my main

results are robust to including CCs to the north, excepting agricultural yield without the

logarithmic transformation.

External Validity: Preliminary results including delayed CCs in Nariño

I provide preliminary evidence that some of my results could have external validity in Ap-

pendix C.8. In Figure 13 I present two locations in Nariño in which I carry out a similar

analysis to the one I did with the CC of Naya. I use 3 Community Councils titled in 2014 in

two different location of the Department of Nariño, in the south of the Colombian Pacific.

First, I show geographic balance checks in Table 15. I find no evidence in geographic discon-

tinuities, except for the standard deviation of yearly precipitation, however, it is significantly

small in relation to the mean. Regarding the results, in Table 16 I show that the results on

11I do not use the CC of the Basin of the Yurumangúı as a control either because their legal status before
2014 was complicated. For more information on this see Colombia Check (2019) and Verdad Abierta (2018)
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crops choices are very similar in Nariño. In particular, I find that the area share of perennial

crops increases in 18 percentage points due to titling. These results are similar to the ones

presented in section 4. Moreover, the analysis shows that the area share of transitory crops

is reduced more or less in the same proportion, therefore, there seems to be a compensation

effect. I also find that there is no effect on agricultural revenue and school attendance, thus,

it is possible that the results presented in section 4 for these two variables are local effects

in the case of the CC of Naya. I discuss this analysis and its limitations more in detail in

Appendix C.8

4.3 Additional appendix results

I present additional results in Appendix E.2 and Appendix E.3. These are not part of my

main results, however, there are some interesting aspects worth remarking. In Appendix

E.2 I analyse whether communities with collective PRs stop using informal private property.

I do this by comparing if farmers report their property as private or collective. About

half the population in the whole sample still report their farms as private, and there are

no significant differences between titled and control territories using specification 1. This

might be an indication that informal private tenancy and formal collective tenancy coexist

in collectively titled territories. This coexistence has been mentioned by Velez (2011). It

is important to consider that these results could also be caused by limitations in how the

data is gathered, given that some spaces are considered private and some other spaces are

considered collective, as it was mentioned in section A. Therefore, it is also possible that this

could lead to confusion in how the question should be responded.

In Appendix E.3 I analyse the share of the total cultivated devoted to forest crops as well

as whether forest crops are for production (=1) or for preservation (=0) 12 using specification

1. I find that communities with collective PRs devote between 15% to 30% less land to forest

crops, significant at the 1% level. I then analyse whether forest crops are used for preservation

or production using specification 1. I find that collectively titled communities use forest

crops more for production than communities without titles, this difference is between 64%

and 71% depending on bandwidth, and significance at the 1% level. These results indicate

that communities without titles devote a higher proportion of their farms to forest crop, but

these forest crops are mainly for preservation, which could be natural forests.

These results on forest are important because in subsection 4.1 I found that the collective

titling had as a result an increase in the proportion of the farm devoted to perennial cross,

however, as Table 4 shows, there is no consistent significant reduction in the area share

12I describe how I calculate these variables in detail in Appendix A

27



devoted to transitory crops. The compensation effect of an increase in the area share of

perennial crops could therefore be explained by the area share reduction in forest crops.

These results could be suggesting that collectively titled farmers might be replacing natural

or preservation forests in their farms to cultivate more perennial crops.

5 Mechanisms

In this Section I explore 4 mechanisms to explain the results found in Section 4. First, in

subsection 5.2 I explore whether collectively titled farmers have more motivation to invest

in agriculture. Second, I investigate whether farmers in collectively titled territories use

more collective forms of work. Third, in subsection 5.3 I explore mechanisms more aligned

with the views of Ostrom (1990), such as the capacity to exclude external agents from the

territory. Third, I analyse whether my results are explained by an increased access to credit

markets, as a result of having formal property rights. I do this because this is part of the

views of De Soto (2000), which is a typical view on how PRs can affect development.

5.1 Motivation to Invest

In this section I explore first whether there is evidence in the data that can show an increase

in the motivation to invest in agriculture as a result of having collective PRs. Then I explore

possible ways in which this investment can be achieved in a scenario of monetary restrictions,

such as the one faced by African Colombian communities in the Pacific. Several authors have

argued that secure collective tenure can lead to individuals investing in their land (Ostrom,

1990; Peña et al., 2017). It is possible that the increase in certainty derived from having

collective PRs could motivate individuals to invest, as opposed to a case of uncertainty over

their land tenure. as one interviewed member of an Afro-Colombian community describes

it:

...once your land is titled, you can say I am going to plant many hectares, I am

going to produce, because you know what you have. Before we did not know what

we had, we worked and everything, but we did not know (Peña et al., 2017, p.17)

I explore whether I find evidence of this motivation in the data. First, I explore whether

collective titling has an effect on the area devoted to agricultural use in each farm. Farms in

my research setting are surrounded by forests, so it is possible that they only use specific areas

for crops. T do this I define two variables, one is the share of land devoted to agricultural

use in the farm, and the second one is the share of land with natural forests (see Appendix
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A) and then I test whether there are any effects using specification 1. In Table 18 I show

the results of this. Column (2) shows that farms with collective PRs devote 4.5% more of

their total area to agricultural, significant at the 5% confidence level. This effect is 3.5%

at the optimal bw, although not significant and 3.4% at a bw of 15km, significant at the

10% level. Columns (4) to (6) show that there is a reduction in the area devoted to natural

forests, although the significance is not robust to every bw, the effect is always negative. In

particular, column (5) shows a reduction in the share of natural forests of 4% at the bw of

10km, and significant at the 5% level. It is worth noticing that these estimates for reduction

of natural forests and increase in areas for agriculture are very similar at 10km and other

bws.

The previous results could be an indication that there is an increase in the motivation to

invest in more agriculture and replace forests in the farms with more productive crops. This

compensation effect was touched upon in section 4.3 with a broader range of forest crops

than natural forests.

I also analyse whether this motivation can be reflected in the investment of agricultural

input. Using specification 1 I also estimate whether there is an increase in the use of fertil-

izers and pesticides. Table 17 indicates that farmers with collective PRs use more chemical

fertlizers and pesticides, and these effects remain similar at around 12% using different bws.

I suggest this might be one explanation for the increase in agricultural yields per hectare

along with the fact that titled farmers tend to produce more perennial crops, which can be

more expensive.

I also find that farmers in communities with collective PRs tend to use more electrical

generators in agriculture. This is relevant because throughout the Colombian Pacific, there

is a precarious provision of services. For instance, in my research setting, only about 38%

of households have electricity service. I present the results in Table 25. Columns (1) to

(3) report an effect of about 12%, significant at the 5% and 1% confidence level, and the

coefficient barely changes in different bandwidths. This means that there is an increase of

12% in the use of electricity generators in agriculture due to the titling. I argue that these

results could represent more motivation to invest. Although it could also be reflecting at-

tempts of Community Councils to provide services, due to the lack of services provided by

the Colombian government in these regions. Further research needs to determine whether

this argument is valid.
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5.2 Collective Work

The expansion in the agricultural production and the increase in the use of agricultural

input could be an indication that collectively titled farmers might feel more motivated to

invest in their land. However, given the financial restrictions it is important to examine

how they can achieve this. In Section 2.1 I mentioned that Afro-Colombian communities

have ancestral systems to deal with monetary restrictions, and one example of this is the

exchanged hand system. According to the development plans of some of the titled commu-

nities in my research setting, they promote the system of exchanged hand for agricultural

activities (Consejo Comunitario Integración, 2008; Consejo Comunitario Manglares, 2012;

Consejo Comunitario San José, 2012). They say:

”Firstly, it is necessary to calculate the number of day labourers necessary to fulfill your

goal, then you should ask people living nearby to come and help you. The one asking for

help should provide the food by obligation and as a form of payment, you must pay back

to the people who helped you with the same number of work days.” (Consejo Comunitario

Integración, 2008, p.142)

I argue that titled Communities Councils may use more the exchanged hand system to

access labour. This could be explained by two reasons, on a supply-side and a demand-side.

First, the demand-side can be a matter of motivation. If a farmer feels more motivated to

invest in his/her land due to the mitigation of uncertainty thanks to having collective PRs

then it is possible that they use this system more to access workers. The second reason, on

the supply side, is that the set of norms and authority in better organized CCs could make

it easier for farmers to access labour using the exchanged hand system, hence improving the

potential supply of workers available. It is possible that they create rules to encourage a

larger scale use of this system, given that, as some CCs in my research setting say, they try

to encourage these collective forms of hiring workers:

”Article 76: In the Community Council of The Mangroves, the minga and exchanged

hand are the basis for the development of collective work to discourage the payment for day

labourers.” (Consejo Comunitario Los Manglares, 2012, p.21)

I proxy the exchanged hand system with a question in the census asking whether there

was collective agricultural work during the last month, and I restrict my sample to farmers

that cultivated during 2013, since these farmers are more likely to have used it. Using

specification 1 I find a positive effect, although with a weak significance. This effects is 11%
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at the optimal bw, significant at the 10% level, 4% and not significant at 10km and 6.2% at

15km, significant at 10%. Although this is very weak evidence of the use of the exchanged

hand system, it is important to take these results as an indication rather than as conclusive,

given that, for example, the fact that the question in the census only asks about the last

month can limit the reliability of this variable.

I also test whether there is more use workers in titled communities during the month

previous to the census survey. I use a variable for permanent workers and another for

day labourers. Since the exchanged hand system most likely employs day labourers and not

permanent labourers, a positive effect on the use of day labourers could mean more use of the

exchanged hand system.This analysis could be limited because if farmers hire day labourers

my variable would also include them, nevertheless, it could provide an indication. Table 20

presents the effect of titling on the number of workers used in a farm, using specification

1. Columns (1) to (3) show that titled communities use fewer permanent workers, and this

negative effect is consistent to different bws, although it is not significant. Columns (4) to (6)

present the effect on day labourers. This effect is positive at all bws and suggests that titled

farms used one more day labourer in their farms than control farms, however this effect is

only significant at the 10% level at 15km bw.

The significance in the results of these tests does not seem to fully support the evidence

of the use of the exchanged hand system found in the development plans of the communities

in my research setting. However, it is worth noticing that the direction of the estimates

seems to coincide with this hypothesis, since both the estimates of collective work and of the

day labourers are positive, which could imply an increase.

Based on the evidence of the use of the exchanged hand system in the development

plans in the CCs of my research setting, I also explore whether the exchanged hand system

can explain improvements in school attendance found in Section 4. Given that this system

can provide labour with little to no costs, it is possible that day labourers could replace

the need for child labour, predominant in poor rural households where financial constraints

pressure children to work from a very young age13. I argue that if the need for child labour

is reduced by the exchanged hand system, then it is possible that children can have more

opportunities to go to school, and that this could be an explanation for the improvements

in school attendance.

A test for child labour, however, is very challenging due to the lack of data availability.

Due to this, I rely only on information provided by the Census to create a makeshift test

as an approximation. I take a question from the Census about the number of workers from

13In Colombia according to DANE, in rural areas around 340000 children worked in 2018. Agriculture
occupied 71% of child labour (Periodico UNAL, 2020).
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the household 14. This question does not ask about the number of children, this include

all members, but it is possible that if there are changes in the number of people from the

household working, this could be explained by children not working. There is a very clear

limitation, which is that these changes could also be explained by other adult members of

the household taking part in the economic activities of the farm. Keeping in consideration

this limitations, Table 21 presents the results of this estimation.

In Table 21 I use specification 1, restricting my sample to farms with at least one child

aged 6 to 17 yo. The results show a significant positive effect at all bandwidths. This can

be interpreted as an increase in the number of workers from the household as a result of

the titling. These results do not support my initial hypothesis that children work less in

the household, however, as I mentioned before, the outcome variable also includes adults in

the household so it is possible that this test is not conclusive. For example, families with

children could also live with more adult members in the household or UPA, which might feel

more motivated to work in the farm as a result of the titling.

But even if the exchanged hand system does not have a direct impact on school atten-

dance, it is possible that the improvements in agricultural production do, as a consequence,

the improvements in school attendance could be explained by the improvements in crop yield

found in the Panel A of Table 4. One example of how crop yield affects investment in children

in rural regions is provided by Jensen (2000). Jensen (2000) shows that in environments of

incomplete insurance or capital markets, volatility in crop yields due to weather can have

significant negative impacts on school enrolment. Therefore, it is possible that the opposite

is true, that is, improvements in crop yields could have positive impact on child investment.

Although improvements in crop yield per hectare found in Section 4 seem modest, small

changes in the revenue of households with severe monetary restrictions could likely make a

difference in relieving households from some of this restrictions and motivate them to invest

in their children.

5.3 Exclusion of external agents.

One of the main factors that differentiate the open access regime outlined by Hardin (1968),

where any individual can exploit resources without restriction or formal norms, and a collec-

tive property regime is the exclusion of external agents or non-members. Here I try to analyse

if the territories with collective PRs have exclude external agents. I proxy the intrusion if

external agents with deforestation and coca crops.

In order to do this I use specification 1. For the outcome variables I use deforested

14More specifically, the question is ”From the total of permanent workers in the UPA, how many belong
to this household ”
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30mx30m pixels from 2006 to 2012 with the data from Hansen et al. (2013), as well as

satellite information on coca crops for the period 2006-2013. I use 2006 as the first year

because this is the first year in which all titled communities in my research setting already

had collective PRs. I simply sum all the deforested pixels or hectares cultivated of coca crop

per 2kmx2km grid cell, and then use this grid cells as the level of observation. In Appendix

A I explain how I calculate these variables more in detail. Table 5 presents the results of

this test.

Table 5: Effect of Collective Titling on Coca Crops and Deforestation

Panel A: Effect of Collective Titling on Coca Crops
Coca Crops (avg 2006-2013) Coca Crops 2013
(1) (2) (3) (4) (5) (6)

Titled 0.101 0.476*** 0.515*** 0.568*** 0.707*** 0.551***
(0.212) (0.184) (0.170) (0.246) (0.216) (0.206)

Bandwidth Choice Optimal Wide Wide Optimal Wide Wide
Bandwidth 5.925 10.000 15.000 7.451 10.000 15.000
Obs. Inside 174 279 387 215 279 387
Obs. Outside 160 271 395 203 271 395
Mean Dep. Var 0.532 0.626 0.543 0.680 0.732 0.643
SD Dep. Var 1.549 1.590 1.398 2.219 2.416 2.141

Panel B: Effect of Collective Titling on Deforestation (2006-2012)
Deforested Pixels Deforested Pixels outside Farms

(1) (2) (3) (4) (5) (6)

Titled 7.091 9.061* 7.330 7.224 8.758* 6.752
(5.532) (5.148) (5.560) (5.412) (5.081) (5.509)

Bandwidth Choice Optimal Fixed Fixed Optimal Fixed Fixed
Bandwidth 6.302 10.000 15.000 6.352 10.000 15.000
Obs. Inside 179 278 386 180 278 386
Obs. Outside 171 271 395 172 271 395
Mean Dep. Var 19.348 24.491 24.133 19.697 23.145 22.483
SD Dep. Var 50.901 56.492 53.340 53.236 55.936 52.427
Notes: All regressions a use local linear specification on both sides of the titling boundary and use
triangular kernel. The optimal bandwidths are in kms and are calculated using the methodology suggested
by Cattaneo et al. (2019). Observation are at the UPA or farm level for columns (1) to (3) and at the
forest crop level in columns (4) to (6). The outcome variable Production(=1) equals 1 if a forest crop is
for production and 0 if it is for preservation (see Appendix A for more information on the variables). I
use boundary fixed effects, municipality fixed effect, and the size of the UPA in hectares as covariates.

Panel A in Table 5 shows that collective titling did not reduce coca crops, on the contrary,

there is a positive effect. These results are interpreted as the discontinuity at the boundary

in the amount of hectares cultivated per grid cell of 2km by 2km. Columns (2) shows that

coca crops increased by almost half a hectare per grid cell after titling. Columns (1) to (3)

in Panel B show that there is a positive effect of collective PRs on deforestation, however it
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is only mildly significant at the 10% level at the 10km bandwidth. The interpretation is that

deforestation increases by 9.061 pixels of 30mx30m per grid cell. If each pixel represents

900m2, then this means that 8155m2 per grid cell of 4 mill m2 suffered at least partial

deforestation. From this test I cannot conclude that communities with collective PRs exclude

external agents more than communities without PRs in my research setting. For columns (4)

to (6) in Panel B I create a buffer of the reported area of the farm to approximate the actual

farm. I do this to exclude the deforestation pixels inside farms, given that this is unlikely to

constitute deforestation by external agents. It is worth remarking that the margin of error

when approximating the actual farms is quite large, therefore this should only be taken as a

reference. When excluding pixels inside buffers the results are vary similar. Overall, I do not

find any evidence that titled communities have more capacity to exclude external agents.

There are two important remarks regarding deforestation. First, it is still possible that

communities with PRs excluded external agents, and then they themselves deforested to

cultivate more, which could be an explanation for the positive sign of the estimates. In

that sense, the results of Table 5 could also be corroborating with imaginary from space

the results on the increase of land for agricultural use and the reduction of natural forests

in farms from Table 18, as well as the reduction in forest crops found in subsection 4.3.

Moreover, the activities of small farmers in a relatively unpopulated are like my research

setting could be too small to change the significance in Table 5, which would explain why

this estimates are not highly significant. Further analysis needs to determine this. Secondly,

this paper does not intent to provide conclusive evidence regarding the effects of collective

PRs on deforestation. To do that, larger samples of forests are needed. Other studies have

done that using larger samples of forest (Romero & Saavedra, 2021; Vélez et al., 2019).

5.4 Access to credit market

In this subsection analyse whether access to credit increased. According to De Soto (2000),

this is one of the main drivers of the development of an economy. Furthermore, there is

evidence that access to credit improves productivity of farmers in Colombia between 3% and

28% (Echavarŕıa et al., 2017). However, credit mostly impacts productivity of transitory

crops and does not affect perennial crops, and can even have a negative impact on their

productivity (Echavarŕıa et al., 2017). Land is inalienable in these territories and therefore

it not possible to access credits traditionally, it is not possible that titled communities could

have accessed to special credits.

Given the importance of this channel, I try to proxy access to credit with some information

of the census. Sadly, the census only asks whether a farm received a credit in the year 2013.

Because of this, I do not know if a farm asked for a credit or received one in years before.
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This also restrain my observations to only 200 farms that asked for credit. Having in mind

this limitation of using the probability of having a credit approved as an outcome, I use the

equation from specification 1 to estimate the effect of the titling on the probability of asking

for a credit in 2013 instead. These results are presented in Table 6

Table 6: Effect of collective titling on credit requests in 2013

Requested credit(=1)
(1) (2) (3)

Titled 0.003 0.001 0.017
(0.034) (0.055) (0.037)

Bandwidth Choice Optimal Fixed Fixed
Bandwidth 10.781 10 15
Obs. Inside 2489 2355 3124
Obs. Outside 894 746 1345
Mean Dep. Var 0.021 0.020 0.021
SD Dep. Var 0.144 0.141 0.144
Notes: All regressions a use local linear specification on both sides
of the titling boundary and use triangular kernel. The optimal
bandwidths are in kms and are calculated using the methodology
suggested by Cattaneo et al. (2019). The observations are at the
UPA level. I use boundary fixed effects, municipality fixed effects
and the size of the UPA in hectares as covariates.

Column (1) in Table 6 shows that the titling increases the probability of asking for a

credit in 0.003 percentage points in the optimal bandwidth. This effect is not significant. I

also show that these results are robust to other bandwidth specifications in column (2) and

(3). I conclude from this analysis that there is no evidence of increases in access to credit.

Giving that I only use the outcome ”Requested credit”, this analysis relies on the condition

that people who ask for credits do so thinking that they can receive one. This is plausible

giving that the process can be costly, particularly in rural regions in Colombia, where they

would have to travel to cities to request formal credits. These results are consistent with the

view that it is harder to use collective property rights to access credit given that this cannot

be used as collateral.

6 Conclusions

Community lands are one of the most common land regimes around the world, however, only

one fifth of dwellers have formal recognized property over these lands (Alden Wily, 2011;

Wily, 2017). Although guarantying collective ownership for dwellers has received special

attention to provide stability and fight poverty conditions (Mwangi et al., 2012; Pearce,

2016), empirical evidence remains scarce. This study attempts to identify the effect of
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formalizing ownership for communal land on development. Exploiting a historical accident

that randomly delayed the titling process of one community, and using discontinuities in

borders, I find suggestive evidence in the context of this case study that titling collective PRs

improves crop choices, agricultural revenue and school attendance in children. I propose that

these results could be driven by a higher motivation of titled farmers to invest in agriculture,

potentially helped by collective forms of production.

This paper has important considerations for development policy. In contrast to some

views that collective PRs are unlikely to provide incentives to invest, my findings show

that in regions with historical absence of the state and access to capital, titling collective

PRs incentize farmers to invest in more profitable crops as well as human capital. Further

research needs to investigate mechanisms that could also help to provide more access to

services, security, and capital markets in these territories, as well as to integrate them with

the larger urban centers in the region.

My findings could also have important considerations for environmental policy. There

is mounting evidence of the effects of titling collective PRs on preservation of important

forests (Baragwanath & Bayi, 2020; Blackman et al., 2017). These environmental policies

would need to guarantee the wellbeing of the locals so they have incentives to enforce these

institutions in the medium and long-term. My results contribute to this, and suggest local

farmers can potentially benefit.

Although my results are relevant to understand the effects of communal titling, further

research is needed to question the external validity of my results and their policy implica-

tions. One should be careful not to generlize these results given the limitation of using one

Community Council as counterfactual, as well as focusing the study in one specific region of

Colombia, in the Departments of Cauca and Valle del Cauca.
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de Roux, N., Gáfaro, M., Mahecha, M., Otero, G., & Parejo, A. (2019). Información crediticia
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mines s.a.s. https://verdadabierta.com/consejo-comunitario-de-yurumangui-le-gana-

pulso-a-minera-pacific-mines-s-a-s/
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Appendix A Data

This Appendix provides detailed analysis of the information I use in this study.

My primary source is the Colombian National Agricultural Census (NCA) 2014. I use the

georeferenced data from the NCA carried out in 2014 by the National Department of Statis-

tics (DANE). The information available on the DANE’s website includes all the information

except the coordinates given the confidentiality of the data. I obtained the coordinates in a

data room at Universidad of he Andes by signing a confidentiality agreement. I obtained the

data of the boundaries and the titled territories from the National Agency of Land, as well

as territories for indigenous communities, all of them available at available here. This data

contains the exact frontiers and the dates the communities received the collective titles. I

also use nighttime lights from the Defense Meteorological Satellite Program (DMSP) from

NASA, which encompasses the period 1992-2013. This databases consists in raster with

pixels of 0.8kmx0.8km, which measure light from 0 to 63, where 0 means that there is no

light and 63 is the maximum quantity of light possible per pixel. I calculate de average light

per grid cell of 2km by 2km.

Prices of agricultural products

I obtained information of prices from the Center for Production and Sectorial Trade Stud-

ies (Centro de Estudios sobre Producción y Comercio Sectorial - CEPCO) at the Colombian

Central Bank. CEPCO created this database using two sources of information: 1) the Agri-

cultural Price System (Sistema de Información Integrado de Precios(SIPSA) from DANE.

And 2) they also use records from producer unions. CEPSO uses the average price for each

product in 2013 and reports the price per kilogram for each product. This data has prices

for 86 crops out of the 484 total crops in the CNA 15. However these crops are the most

common crops and represent about 74% of the cultivated area in the country. This prices

include transportation costs and intermediation margins, which could exaggerate the prices.

For more information on this database and other research using it see de Roux (2020) and

de Roux et al. (2019).

Geographic Data and Other Variables

• Elevation: This data is provided by Global Climate Database. The information is in

meters and at the 30 arc-second resolution. The data is available at here. I calculate

the average elevation in meters using grid cells of 2km by 2km.

15In my research setting there are 235
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• Precipitation: I use data from the Global Climate Database, available at http://

www.worldclim.org/.. The database contains monthly average rainfall in millimetres.

I calculate the average rainfall for each month for each grid cell of 2km by 2km, and

then I calculate the average rainfall as well as the standard deviation per cell during

the year.

• Forest Cover (2000) and Deforested pixels: I use the data on forest cover from

Hansen et al. (2013) available here. This data have a spatial resolution of 1 arc-second

per pixel, approximately 30 meters per pixel at the equator. I use the data bases

Tree canopy cover for year 2000, Global forest cover loss 2000?2012 (loss), Year of

gross forest cover loss event and a Data mask which represents areas with no data or

with permanent bodies of water. I remove the water bodies and then calculate the

percentages of tree cover and number of deforested pixel per 2kmx2km grid cell.

• River (=1): I use data from Andreadis et al. (2013), available here. I then calculate

whether there are rivers in each grid cell of 2km by 2km. If the grid cell contains a

river then the variable Rivers (=1) takes on the value of 1, otherwise it takes on the

value zero.

• Mining permits (=1): This data is available here as Tı́tulos Mineros Histórico. It

consists in mining permits already expired. Most of them started operating during the

90s. If a 2km by 2km grid cell contains an area with mining permits it takes on the

value of 1, otherwise 0.

• Coca crops: I use data on density of coca crops from the Integrated System of Illegal

Crops Monitoring (SIMCI, Spanish acronym). This data gathers information on ilegal

crops accross all Colombia using satellites, and classifies each area with ilegal crops at

the 1kmxkm resolution, giving a value to each area according to the ilegal crop density.

The databases from the year 2001 to 2020 are available here. I then aggregate this

data in my 2km by 2km cells, which can be then interpreted as the amount of hectares

of coca crops cultivated in each grid cell.

• Additional geographic data: The line that defined the eligible territories for col-

lective titling that appears in Figure 1 was created with the coordinates that appear

in the document of Law 70 of 1993. Santiago Saavedra, Professor of University of

Rosario, Colombia, provided the shapefile to me upon request, which he had also used

in Romero and Saavedra (2021).

Agricultural Production
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Here I define all the variables I use with information from the census. For some vari-

ables such as the definition of perennial, transitory and forest crops, I follow the official

classification from the CNA, which can be found in the documentation on the website. In

particular, for crop type classification see Section VI module A of the filling guide file (Gúıa

de diligenciamiento) and the data dictionary file (Diccionario de datos del CNA 2014 ).

• Revenue per hectare: CNA does not provide information on revenue. I use the prices of

agricultural products provided by CEPCO and multiply each the price of the product

with the amount produced in each crop. This way I get the revenue for each crop that

I then divide by the number of hectares used for the crop. CEPCO only have prices

available for about 63% of the total crops in my sample, therefore, I only report the

revenue for these products.

• Sale(=1): dummy that equals one if the farms sells the products it produces.

• Cultivated Area: Total area cultivated by each farm in hectares. I calculate this by

summing all the areas of crops inside the UPA. I only include perennial and transitory

crops according to how DANE classifies them. I exclude forest crops from this variable.

• Perennial crops (share area): proportion of the area of each UPA devoted to perennial

crops I use the classification provided by DANE in the documentation of the CNA

to determine whether a crop is perennial, transitory or forest. I calculate the area

devoted to perennial crops in each UPA and then divide it by the total cultivated area

including forest crops and any type of crops within the UPA.

• Perennial crops (share revenue): proportion of the revenue of each UPA from perennial

crops.

• Transitory crops (share area): proportion of the area of each UPA devoted to transitory

crops. I calculate the area devoted to transitory crops in each UPA and then divide

it by the total cultivated area including forest crops and any type of crops within the

UPA.

• Transitory crops (share revenue): proportion of the revenue of each UPA from transi-

tory crops.

• Reported UPA as private property (=1) : dummy that indicates whether the UPA is

reported in the census as private (=1) or otherwise(=0).

• Reported UPA as collective property (=1) : dummy that indicates whether the UPA is

reported in the census as collective (=1) or otherwise(=0).
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• Requested credit (=1): dummy that indicates whether an UPA asked for a credit in

2013 (=1) or otherwise (=0).

• Number of day labourers : Number of day labourers in the UPA in the last 30 days.

• Number of permanent labourers : Numbers of workers hired for longer terms. To cal-

culate this I take the number of people working permanently and then subtract the

number of members that belong to the household.

• Forest Crops (share area): proportion of the area of each UPA devoted to forest crops. I

calculate the area devoted to forest in each UPA and then divide it by the total cultivated

area including forest crops and any type of crops within the UPA.

• Natural Forests (share area): proportion of the area of each UPA devoted to natural

forests.

• Are of Agricultural Use (share area): proportion of the area of each UPA devoted to

agricultural use (perennial crops, transitory crops, forest crops or grassland for live-

stock).

• Forest Crops Production (=1): dummy that indicates whether a forest crop is for pro-

duction or for preservation. This classification is provided by the documentation of the

CNA and only applies for forest crops.

• Chemical Fertilizers(=1): uses chemical fertilizer (=1) or otherwise (=0)

• Organic Fertilizers(=1): uses organic fertilizer (=1) or otherwise (=0)

• Chemical Pesticide(=1): uses chemical pesticide (=1) or otherwise (=0)

• Organic Pesticide(=1): uses organic pesticide (=1) or otherwise (=0)
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Appendix B Additional Tables and Figures

Table 7: Most Common Crops in Sample

Perennial Crops
Banana tree Plantain tree Peach palm Coconut Paneling cane

Frequency 3620 6220 3829 2209 3246
Percent of total crops 8.3% 14% 8.8% 5.1% 7.5%

Transitory Crops
White Corn Yellow Corn Chayote Plant Cassava Yam

Frequency 1644 1637 3802 3082 1474
Percent of total crops 3.8% 3.7% 8.7% 7.1% 3.1%
Notes: This table presents the most repeated crops in my research setting. Source: CNA

Figure 4: Municipalities

Notes: This figure presents municipality divisions in my research setting. There are three: Buenaventura
(Valle del Cauca), López de Micay (Cauca) and Timbiqúı (Cauca). The closest capitals of departments are
Cali (Valle del Cauca) and Popayán (Cauca). Source: ANT
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Figure 5: Boundary Segments

Notes: This figure presents the boundary segments I use for my boundary segments fixed effects in Specifi-
cation 1. Source: ANT, CNA.
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Figure 6: RD Plots: Agricultural Revenue and Education

(a) (b)

(c) (d)

Notes: This figure presents RD plots for my main outcomes with a linear trend estimated separetely at each
side of the cut-off, and the mean variable of each outcome variable at each 1km bin along the distance to
the boundary in Figure ??. Regressions are estimated using a fixed bandwidth of 10km.
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Figure 7: RD Plots: Agricultural Choices

(a) (b)

(c) (d)

Notes: This figure presents RD plots for my main outcomes with a linear trend estimated separetely at each
side of the cut-off, and the mean variable of each outcome variable at each 1km bin along the distance to
the boundary in Figure ??. Regressions are estimated using a fixed bandwidth of 10km.
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Appendix C Robustness

C.1 Robustness to Bandwidth

Figure 8: RDD Robustness to Bandwith: Agricultural Choices

(a) (b)

(c) (d)

Notes: For all panels I estimate specification 1. All regressions a use local linear specification on both sides
of the titling boundary and use triangular kernel. The optimal bandwidths are in kms and are calculated
using the methodology suggested by Cattaneo et al. (2019). The observations are at the crop level for (a)
and (b) and at the UPA level for (c) and (d) . I use boundary fixed effects, municipality fixed effects and
the size of the UPA in hectares as covariates. The dashed red line represents the point on the right Y-axis
where there are 100 observations.
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Figure 9: RDD Robustness to Bandwith: Agricultural Choices

(a) (b)

(c) (d)

Notes: For all panels I estimate specification 1. All regressions a use local linear specification on both sides
of the titling boundary and use triangular kernel. The optimal bandwidths are in kms and are calculated
using the methodology suggested by Cattaneo et al. (2019). The observations are at the UPA level. I use
boundary fixed effects, municipality fixed effects and the size of the UPA in hectares as covariates. The
dashed red line represents the point on the right Y-axis where there are 100 observations.
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C.2 Robustness to Kernel and Polynomial

Table 8: RDD Specification Robustness: Agricultural Production

Baseline
Specification

Kernel Polynomial
Uniform Epanechnikov Quadratic Cubic

(1) (2) (3) (4) (5)

Panel A: Ag. Yield (Standardized)

Titled 0.198 *** 0.204*** 0.199*** 0.216*** 0.262***
(0.054) (0.041) (0.050) (0.069) (0.090)

Bandwidth 3.046 3.046 3.046 5.485 7.367
Obs. Inside 6,386 6,386 6,386 8,006 9,986
Obs. Outside 203 203 203 230 411

Mean Dep. Var -0.129 -0.129 -0.129 -0.108 -0.053
SD Dep. Var 0.758 0.758 0.758 0.736 0.762

Panel B: Ag. Yield (Logarithmic)

Titled 0.006 0.010 0.006 0.025* 0.065***
(0.009) (0.016) (0.009) (0.014) (0.025)

Bandwidth 2.519 2.519 2.519 4.036 5.377
Obs. Inside 4,503 4,503 4,503 5,107 5,895
Obs. Outside 130 130 130 152 167

Mean Dep. Var 14.928 14.928 14.928 14.931 14.943
SD Dep. Var 0.807 0.807 0.807 0.806 0.823

Panel C: Perennial Crops (Area Share)

Titled 0.319*** 0.235*** 0.294*** 0.742*** 0.751***
(0.054) (0.052) (0.054) (0.118) (0.140)

Bandwidth 7.101 7.101 7.101 4.774 6.624
Obs. Inside 1,927 1,927 1,927 1,377 1,872
Obs. Outside 163 163 163 73 163

Mean Dep. Var 0.399 0.399 0.399 0.446 0.403
SD Dep. Var 0.315 0.315 0.315 0.321 0.315

Panel D: Perennial Crops (Revenue Share)

Titled -0.088 -0.176* -0.086 -0.167 -0.179
(0.077) (0.090) (0.082) (0.103) (0.117)

Bandwidth 3.301 3.301 3.301 5.221 7.650
Obs. Inside 1,211 1,211 1,211 1,454 1,944
Obs. Outside 62 62 62 73 173

Mean Dep. Var 0.588 0.588 0.588 0.599 0.576
SD Dep. Var 0.429 0.429 0.429 0.428 13.262
Notes: For all panels I estimate specification 1. The optimal bandwidths are in kms and are calculated using the
methodology suggested by Cattaneo et al. (2019). The observations are at the crop level for Panel A and B, and at
the UPA level for Panel C and D. I use boundary fixed effects, municipality fixed effects and the size of the UPA in
hectares as covariates. For Panel A and B I also use crop fix effects as covariates.
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Table 9: RDD Specification Robustness: Agriculture and Human Capital

Baseline
Specification

Kernel Polynomial
Uniform Epanechnikov Quadratic Cubic

(1) (2) (3) (4) (5)

Panel A: Transitory Crops (Area Share)

Titled -0.180 -0.145 -0.173 -0.205 -0.201
(0.067) (0.067) (0.066) (0.088) (0.100)

Bandwidth 3.126 3.126 3.126 5.383 7.665
Obs. Inside 1,198 1,198 1,198 1,486 1,946
Obs. Outside 62 62 62 73 173

Mean Dep. Var 0.305 0.305 0.305 0.316 0.323
SD Dep. Var 0.290 0.290 0.290 0.295 0.297

Panel B: Transitory Crops (Revenue Share)

Titled -0.016 0.154** -0.004 0.152** 0.155**
(0.046) (0.062) (0.048) (0.059) (0.072)

Bandwidth 2.834 2.834 2.834 6.132 8.455
Obs. Inside 1,173 1,173 1,173 1,751 2,131
Obs. Outside 62 62 62 99 327

Mean Dep. Var 0.390 0.390 0.390 0.390 0.360
SD Dep. Var 0.423 0.423 0.423 0.420 0.418

Panel C: School Attendance

Titled 0.189*** 0.130* 0.177** 0.266** 0.132
(0.070) (0.067) (0.070) (0.107) (0.106)

Bandwidth 5.111 5.111 5.111 5.779 9.163
Obs. Inside 2,097 2,097 2,097 2,337 2,918
Obs. Outside 97 97 97 102 642

Mean Dep. Var 0.849 0.849 0.849 0.851 0.854
SD Dep. Var 0.358 0.358 0.358 0.356 0.353

Panel D: Sale (=1)

Titled -0.027 0.056 -0.011 -0.003 -0.010
(0.079) (0.074) (0.076) (0.111) (0.156)

Bandwidth 6.767 6.767 6.767 8.604 10.382
Obs. Inside 1,896 1,896 1,896 2,167 2,431
Obs. Outside 163 163 163 369 830

Mean Dep. Var 0.838 0.838 0.838 0.840 0.824
SD Dep. Var 0.368 0.368 0.368 0.367 0.430
Notes: For all panels I estimate specification 1. The optimal bandwidths are in kms and are calculated using the
methodology suggested by Cattaneo et al. (2019). The observations are at the crop level and at the individual level
(children aged 6-17 yo) for school attendance. I use boundary fixed effects, municipality fixed effects and the size
of the UPA in hectares as covariates. For school attendance I also control for gender, age, number of adults in the
household.
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C.3 Migration Test: Robustness

Table 10: RDD Robustness to Migration

Panel A: Agricultural Revenue per ha
Ag. yield (Standardized) Ag. yield (Logarithmic)

(1) (2) (3) (4) (5) (6)

Titled 0.179*** 0.090*** 0.062** -0.001 0.029*** 0.056***
(0.064) (0.039) (0.029) (0.015) (0.013) (0.012)

Bandwidth Choice Optimal Wide Wide Optimal Wide Wide
Bandwidth 3.323 10.000 15.000 2.792 10.000 15.000
Obs. Inside 5,607 9,899 12,465 4,069 7,848 9,956
Obs. Outside 152 1,961 3,964 104 1,405 2,737
Mean Dep. Var -0.125 0.012 0.049 14.957 15.065 15.108
SD Dep. Var 0.761 0.960 1.068 0.796 0.871 0.859

Panel B: Perennial Crops
Perennial Crops (Area Share) Perennial Crops (Revenue Share)
(1) (2) (3) (4) (5) (6)

Titled 0.434*** 0.296*** 0.199*** 0.010 -0.071** -0.044
(0.078) (0.074) (0.060) (0.072) (0.046) (0.039)

Bandwidth Choice Optimal Fixed Fixed Optimal Fixed Fixed
Bandwidth 6.167 10.000 15.000 3.233 10.000 15.000
Obs. Inside 1,435 1,867 2,609 982 1,867 2,609
Obs. Outside 65 571 1,103 37 571 1,103
Mean Dep. Var 0.450 0.438 0.439 0.620 0.649 0.678
SD Dep. Var 0.302 0.296 0.289 0.412 0.409 0.402

Panel C: Transitory Crops
Transitory Crops (Area Share) Transitory Crops (Revenue Share)
(1) (2) (3) (4) (5) (6)

Titled -0.079 -0.042 -0.042 0.036 0.060** 0.078***
(0.068) (0.057) (0.046) (0.057) (0.041) (0.033)

Bandwidth Choice Optimal Wide Wide Optimal Wide Wide
Bandwidth 5.497 10.000 15.000 3.546 10.000 15.000
Obs. Inside 1,245 1,867 2,609 1,004 1,867 2,609
Obs. Outside 47 571 1,103 37 571 1,103
Mean Dep. Var 0.299 0.269 0.262 0.364 0.318 0.286
SD Dep. Var 0.282 0.278 0.281 0.407 0.396 0.384

Panel D:
Sale (=1) School

(1) (2) (3) (4) (5) (6)

Titled -0.035 0.057 0.091 0.120* 0.167*** 0.091**
(0.115) (0.104) (0.089) (0.082) (0.062) (0.055)

Bandwidth Choice Optimal Wide Wide Optimal Wide Wide
Bandwidth 6.175 10.000 15.000 4.037 10.000 15.000
Obs. Inside 1,437 1,867 2,609 1,597 2,413 2,980
Obs. Outside 65 571 1,103 64 789 1,788
Mean Dep. Var 0.851 0.843 0.842 0.853 0.859 0.850
SD Dep. Var 0.356 0.364 0.365 0.354 0.349 0.365
Notes: For all panels I estimate specification 1. All regressions a use local linear specification on both
sides of the titling boundary and use triangular kernel. The optimal bandwidths are in kms and are
calculated using the methodology suggested by Cattaneo et al. (2019). The observations are at the crop
level for Panel A and at the UPA level for Panel B, C and for the outcome sale. For school attendance
Observation are children aged 6 to 17 years old. I use boundary fixed effects, municipality fixed effects
and the size of the UPA in hectares as covariates for all variables. For Panel A I also use crop fix effects
as covariates and for school attendance I also control for gender, age, number of adults in the household.
I exclude all observation which did not have crop in 2002 or before to exclude potential migrants that
moved after the titling. See Figure 3 and Table 1 for the maps and years of titling.
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C.4 Donut Hole Test

Table 11: Donut RDD Specification

Baseline
Specification

Donut Size
1 km 3 km 5 km

(1) (2) (3) (4)

Panel A: Ag. Revenue (Standardized)

Titled 0.069*** 0.042 0.079 0.221
(0.022) (0.044) (0.131) (0.193)

Bandwidth 10.000 10.000 10.000 10.000
Obs. Inside 11,424 11,038 5,060 4,081
Obs. Outside 2,202 2,089 1,999 1,972

Mean Dep. Var 0.002 0.008 0.124 0.147
SD Dep. Var 0.950 0.945 1.084 1.142

Panel B: Ag. Revenue (Logarithmic)

Titled 0.062*** 0.124*** 0.138*** 0.212***
(0.007) (0.013) (0.049) (0.075)

Bandwidth 10.000 10.000 10.000 10.000
Obs. Inside 8,884 8,616 4,141 3,328
Obs. Outside 1,567 1,493 1,421 1,400

Mean Dep. Var 15.030 15.042 15.121 15.142
SD Dep. Var 0.894 0.883 0.956 0.970

Panel C: Perennial Crops: Area Share

Titled 0.275*** 0.181** 0.299*** 0.318***
(0.047) (0.063) (0.101) (0.121)

Bandwidth 10.000 10.000 10.000 10.000
Obs. Inside 2,385 2,294 1,162 941
Obs. Outside 746 707 677 666

Mean Dep. Var 0.514 0.512 0.481 0.479
SD Dep. Var 0.359 0.358 0.357 0.356

Panel D: Perennial Crops: Revenue Share

Titled -0.042 0.053 0.567*** 0.415
(0.062) (0.142) (0.641) (1.152)

Bandwidth 10.000 10.000 10.000 10.000
Obs. Inside 2,285 2,224 1,098 874
Obs. Outside 751 719 689 678

Mean Dep. Var 0.589 0.581 0.594 0.579
SD Dep. Var 0.436 0.436 0.439 0.442
Notes: For all panels I estimate specification 1. All regressions a use local linear
specification on both sides of the titling boundary and use triangular kernel. I use a
fixed bandwidth of 10 km for all regressions. The observations are at the crop level for
Panel A and B and at the UPA level for Panel C and D. I use boundary fixed effects,
municipality fixed effects and the size of the UPA in hectares as covariates. For Panel
A and B I also use crop fix effects as covariates. In columns (2), (3) and (4) I exclude
observations less than 1km, 3km and 5km away from the boundary, respectively.
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Table 12: Donut RDD Specification

Baseline
Specification

Donut Size
1 km 3 km 5 km

(1) (2) (3) (4)

Panel A: Transitory Crops: Area Share

Titled -0.054 -0.060 -0.477*** -0.581***
(0.077) (0.079) (0.339) (0.405)

Bandwidth 10.000 10.000 10.000 10.000
Obs. Inside 2,355 2,294 1,162 941
Obs. Outside 746 707 677 666

Mean Dep. Var 0.380 0.385 0.376 0.365
SD Dep. Var 0.352 0.352 0.353 0.350

Panel B: Transitory Crops: Revenue Share

Titled 0.055* 0.028 -0.376*** 0.011
(0.040) (0.103) (0.528) (0.971)

Bandwidth 10.000 10.000 10.000 10.000
Obs. Inside 2,285 2,224 1,098 874
Obs. Outside 751 719 689 678

Mean Dep. Var 0.331 0.338 0.291 0.294
SD Dep. Var 0.411 0.413 0.398 0.399

Panel C: Sale (=1)

Titled 0.019 0.010 0.008 0.204
(0.094) (0.094) (0.474) (0.811)

Bandwidth 10.000 10.000 10.000 10.000
Obs. Inside 2,285 2,224 1,098 874
Obs. Outside 751 719 689 678

Mean Dep. Var 0.831 0.834 0.835 0.839
SD Dep. Var 0.374 0.372 0.371 0.368

Panel D: School Attendance

Titled 0.181*** 0.174** 0.253** -0.020
(0.049) (0.072) (0.111) (0.117)

Bandwidth 10.000 10.000 10.000 10.000
Obs. Inside 2,987 2,922 1,110 901
Obs. Outside 993 958 911 896

Mean Dep. Var 0.854 0.854 0.859 0.858
SD Dep. Var 0.354 0.354 0.348 7.814
Notes: For all panels I estimate specification 1. All regressions a use local linear
specification on both sides of the titling boundary and use triangular kernel. I use a
fixed bandwidth of 10 km for all regressions. The observations are at the crop level
for all panels and at the individual level for school attendance (children aged 6-17
yo). I use boundary fixed effects, municipality fixed effects and the size of the UPA
in hectares as covariates. For school attendance I also control for gender, age and
number of adults in household. In columns (2), (3) and (4) I exclude observations
less than 1km, 3km and 5km away from the boundary, respectively.
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C.5 Placebo Falsification Tests

Figure 10: Spacial Placebo Test

(a) (b)

(c) (d)

Notes: For all panels I estimate specification 1. All regressions a use local linear specification on both sides
of the titling boundary and use triangular kernel. I use a fixed bandwidth of 10 km for all regressions. The
observations are at the crop level for (a), (b) uses children aged 6-17 yo as the observation level, and all the
rest are at the UPA level . I use boundary fixed effects, municipality fixed effects and the size of the UPA in
hectares as covariates for all regressions. Additionally, for (a) I use crop dummies as covariates and for (b) I
use gender, age and number of adults in the household as covariates. The figures represent the displacement
of the boundary -15km, -10km, 0 km, 10km and 15km.
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Figure 11: Spacial Placebo Test

(a) (b)

Notes: For all panels I estimate specification 1. All regressions a use local linear specification on both sides
of the titling boundary and use triangular kernel. I use a fixed bandwidth of 10 km for all regressions. The
observations are at the UPA level . I use boundary fixed effects, municipality fixed effects and the size of the
UPA in hectares as covariates for all regressions. The figures represent the displacement of the boundary
-15km, -10km, 0 km, 10km and 15km.

58



C.6 Cluster Specification

Table 13: Effect of Collective Titling on Agriculture: Alternative Clustering

Ag.Yield (Standardized) Ag.Yield(Logarithmic)
NN-Cluster Cluster NN-Cluster Cluster

(1) (2) (3) (4) (5) (6) (7) (8)

Titled 0.154*** 0.069*** 0.189*** 0.069*** 0.006 0.062*** 0.004 0.062
(0.028) (0.012) (0.025) (0.035) (0.008) (0.007) (0.016) (0.024)

Bandwidth Choice Optimal Fixed Optimal Fixed Optimal Fixed Optimal Fixed
Bandwidth 1.664 10.000 2.505 10.000 2.539 10.000 3.199 10.000
Obs. Inside 5,370 11,424 6,028 11,424 4,504 8,884 4,808 8,884
Obs. Outside 150 2,202 185 2,202 130 1,567 146 1,567
Mean Dep. Var -0.162 0.002 -0.127 0.002 14.927 15.030 14.927 15.030
SD Dep. Var 0.726 0.950 0.767 0.950 0.808 0.894 0.804 0.894

Perennial Crops (Share Area) School Attendance
NN-Cluster Cluster NN-Cluster Cluster

(1) (2) (3) (4) (5) (6) (7) (8)

Titled 0.566*** 0.275*** 0.645*** 0.275*** 0.193** 0.181*** 0.238*** 0.181***
(0.077) (0.078) (0.105) (0.063) (0.098) (0.079) (0.080) (0.043)

Bandwidth Choice Optimal Fixed Optimal Fixed Optimal Fixed Optimal Fixed
Bandwidth 4.341 10.000 3.184 10.000 5.019 10.000 3.619 10.000
Obs. Inside 1,339 2,285 1,204 2,285 2,089 2,987 1,942 2,987
Obs. Outside 69 751 62 751 97 993 82 993
Mean Dep. Var 0.446 0.396 0.459 0.396 0.850 0.854 0.848 0.854
SD Dep. Var 0.322 0.312 0.322 0.312 0.357 0.354 0.359 0.354

59



C.7 Robustness to Including CCs to the North

Figure 12: CCs in around CC of Naya

Source: ANT, CNA
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Table 14: Effect of Collective Titling on Development: Including excluded CCs

Panel A: Including all CCs to the north and to the south
Ag. yield (Mill COP) Ag. yield (Logarithmic)

(1) (2) (3) (4) (5) (6)

Titled 0.079 -0.155 -0.182 0.095*** 0.131*** 0.123***
(0.305) (0.149) (0.132) (0.021) (0.011) (0.009)

Bandwidth Choice Optimal Fixed Fixed Optimal Fixed Fixed
Bandwidth 3.522 10.000 15.000 4.191 10.000 15.000
Obs. Inside 7,017 12,963 16,052 5,546 9,816 12,171
Obs. Outside 1,052 5,369 5,585 1,148 3,643 3,792
Mean Dep. Var 2.981 3.565 3.726 14.932 15.030 15.078
SD Dep. Var 3.398 4.281 4.773 0.805 0.894 0.880

Perennial Crops (Area Share) School Attendace (=1)
(1) (2) (3) (4) (5) (6)

Titled 0.550*** 0.168*** 0.106*** 0.119** 0.121*** 0.119***
(0.107) (0.022) (0.019) (0.060) (0.022) (0.019)

Bandwidth Choice Optimal Fixed Fixed Optimal Fixed Fixed
Bandwidth 2.037 10.000 15.000 3.382 10.000 15.000
Obs. Inside 1,097 2,614 3,489 2,111 3,674 4,420
Obs. Outside 109 1,670 1,720 538 2,780 2,878
Mean Dep. Var 0.477 0.418 0.412 0.844 0.849 0.844
SD Dep. Var 0.318 0.295 0.297 0.362 0.358 0.363

Panel B: Including only CC of Naya and CCs to the north
Ag. yield (Mill COP) Ag. yield (Logarithmic)

(1) (2) (3) (4) (5) (6)

Titled 0.081 -0.101 -0.159 -0.005 0.005 0.014
(0.736) (0.260) (0.215) (0.015) (0.004) (0.005)

Bandwidth Choice Optimal Fixed Fixed Optimal Fixed Fixed
Bandwidth 3.470 10.000 15.000 2.548 10.000 15.000
Obs. Inside 437 1,539 1,740 161 932 1,048
Obs. Outside 846 4,765 5,382 296 3,199 3,646
Mean Dep. Var 2.983 3.565 3.726 14.927 15.030 15.078
SD Dep. Var 3.401 4.281 4.773 0.808 0.894 0.880

Perennial Crops (Area Share) School Attendance (=1)
(1) (2) (3) (4) (5) (6)

Titled 0.037 0.055 -0.004 -0.028 0.077*** 0.123***
(0.087) (0.040) (0.034) (0.078) (0.038) (0.030)

Bandwidth Choice Optimal Fixed Fixed Optimal Fixed Fixed
Bandwidth 3.985 10.000 15.000 4.435 10.000 15.000
Obs. Inside 120 329 369 302 687 788
Obs. Outside 339 1,459 1,658 1,209 2,491 2,796
Mean Dep. Var 0.455 0.463 0.462 0.835 0.848 0.847
SD Dep. Var 0.246 0.260 0.265 0.371 0.359 0.360
Notes: For all panels I estimate specification 1. All regressions a use local linear specification on both sides
of the titling boundary and use triangular kernel. The optimal bandwidths are in kms and are calculated
using the methodology suggested by Cattaneo et al. (2019). The observations are at the crop level for
Ag.yield and at the UPA level for Perennial Crops (Area Share). For school attendance Observation are
children aged 6 to 17 years old. I use boundary fixed effects, municipality fixed effects and the size of
the UPA in hectares as covariates for all variables. For Panel A I also use crop fix effects as covariates
and for school attendance I also control for gender, age, number of adults in the household. In Panel A
I use all CCs around the CC of Naya and in Panel B I only include CCs to the north (Yurumangui and
Cajambre). See Figure 12
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C.8 External Validity: Preliminary Research

In this subsection I explain preliminary research to determine the external validity of my

results. Figure 13 shows 3 community councils titled in 2014 chosen for this analysis, CC

Renacer Telembi, CC Bien del Futuro and CC Union Rio Caunapi. I chose these three CCs

because they have enough population density for the analysis and are surrounded by titled

neighbouring communities 16.

It is important to mention that these CCs were titled in the same year the NAC 2014

collected information, therefore there exists the possibility that some of them were titled

a few months before the Census interview. It is important to take into consideration this

limitation. However, this could also mean that the results are a lower bound. Another

limitations is that unlike the CC of Naya it is unclear what the causes of the delays where,

and therefore, it is possible that the delays had not being exogenous.

I use the data the same way I did with my main results in section 4. I exclude communities

that were titled in 2012. I do this because the titling was too recent in relation to the control

communities, and it might not have an effect because of this. I am also able to do this

because none of the communities titled in 2012 constitutes a boundary with the control

communities. This leaves me with communities titled between 2000 and 2007.

I use a small variation of specification 1. The equation is the following:

Yi,u,v,c,m,s,l = α + δT itledc + f(geographic locationu) + β1X
′
i,u + θs + locationl + ϵi,u,v,m,s,l

(2)

I add a fixed effect for the location of the control community locationl . Figure 13 shows

that the CC Renacer Telembi and CC Bien del Futuro are in one location, whereas CC

Union Rio Caunapi is in a different location. locationl is a term that represents being in

either of these locations.

In Table 15 I present some geographic balance checks. From the variables I analyse, only

the coefficient of the standard deviation of yearly precipitation is significant, however, it is

small in relation to the mean, therefore it is unlikely that this could cause any concerns.

In Table 16 I present the results of my analysis using specification 2. The results show that

collective titling increased the areas in farms devoted to perennial crops in approximately 18

percentage points. Columns (4) to (5) in Panel A show that there might be a compensation

16Other delayed CCs include La Molana, in the Department of Chocó; and Puerto España y Miramar, La
Barra, Juanchaco, San Joaqúın Agua Dulce and Ensenada el Tigre, in the Department of Valle del Cauca.
Further research should analyse them, however, some of them have very low population in the Agricultural
Census.
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effect with transitory crops, due to the fact that these are reduced more or less in the same

proportion. This provides evidence that my results on crop choices could have external

validity. However, in Panel B I do not find evidence of external validity for agricultural

revenue and school attendance.

Figure 13: Alternative Research Settings in Nariño

Notes: This figure presents the location of delayed CCs in Nariño chosen for the analysis. Source: ANT
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Table 15: Balance on Geopraphic Characteristics

Within 10km RD Estimates
Collectively titled CC of Naya SE RD Coefficient SE

(1) (2) (3) (4) (5)
Geographic Characteristics
Elevation 83.517 62.558 3.933*** 0.593 3.879
Precipitation (Avg) 360.151 343.426 5.588*** -1.107 1.399
Precipitation (SD) 92.673 94.341 0.780*** 3.771*** 1.225
River (=1) 0.260 0.193 0.034** 0.021 0.057
Obs (Grid cells) 969 197 1166
Notes: The unite of observation is a 1km by 1km cell for all the variables. Columns 1 and 2 present the mean of each
variable. Column 3 presents standard errors of the difference in means. Columns 4 and 5 present the estimated RD
coefficient and the convencional standard error using a local linear specification on each side of the titling boundary
and using triangular kernel. I use a fixed bandwidth of 10km for all variables. All regressions include location and
boundary segment fixed effects. *p < 0.10, **p < 0.05, ***p < 0, 01

Table 16: Effect of Collective Titling on Development: Delayed CCs in Nariño

Panel A: Crop Choices
Perennial Crops (Area Share) Transitory Crops (Area Share)
(1) (2) (3) (4) (5) (6)

Titled 0.103* 0.187*** 0.189*** -0.136*** -0.184*** -0.181***
(0.058) (0.025) (0.024) (0.035) 0.023) (0.023)

Bandwidth Choice Optimal Wide Wide Optimal Wide Wide
Bandwidth 1.355 10.000 15.000 2.208 10.000 15.000
Obs. Inside 207 2,301 3,331 324 2,301 3,331
Obs. Outside 165 428 428 227 428 428
Mean Dep. Var 0.478 0.576 0.567 0.156 0.168 0.206
SD Dep. Var 0.280 0.315 0.327 0.224 0.298 0.324

Panel B: Agricultural Production and Human Capital
Ag. Revenue (Standardized) School Attendance (=1)
(1) (2) (3) (4) (5) (6)

Titled -0.009 0.025 0.017 -0.070 -0.038 -0.029
(0.033) (0.021) (0.021) (0.066) (0.028) (0.026)

Bandwidth Choice Optimal Fixed Fixed Optimal Fixed Fixed
Bandwidth 1.547 10.000 15.000 1.228 10.000 15.000
Obs. Inside 726 9,673 16,498 206 2,544 3,839
Obs. Outside 870 1,674 1674 302 893 893
Mean Dep. Var -0.140 -0.104 -0.051 0.793 0.804 0.814
SD Dep. Var 0.834 0.956 0.977 0.405 0.397 0.389
Notes: For all panels I estimate specification 1. All regressions a use local linear specification on both
sides of the titling boundary and use triangular kernel. The optimal bandwidths are in kms and are
calculated using the methodology suggested by Cattaneo et al. (2019). The observations are at the crop
level for Ag.yield and at the UPA level for Perennial Crops (Area Share) and Transitory Crops (Area
Share). For school attendance Observation are children aged 6 to 17 years old. I control for the size of the
farm and I use boundary and location fixed effects. For Panel Agricultural revenue I use crop fix effects
as covariates and for school attendance I also control for gender, age, number of adults in the household.
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Appendix D Mechanisms- Additional Tables

Table 17: Effect of collective Agricultural Input

Chemical Fertilizer (=1) Chemical Pesticide (=1)
(1) (2) (3) (4) (5) (6)

Titled 0.130** 0.117*** 0.121*** 0.054 0.116*** 0.138***
(0.066) (0.033) (0.025) (0.063) (0.036) (0.027)

Bandwidth Choice Optimal Fixed Fixed Optimal Fixed Fixed
Bandwidth 4.202 10.000 15.000 4.563 10.000 15.000
Obs. Inside 1,320 2,285 3,120 1,361 2,285 3,120
Obs. Outside 67 751 1,338 71 751 1,338
Mean Dep. Var 0.047 0.056 0.061 0.101 0.088 0.094
SD Dep. Var 0.211 0.231 0.239 0.301 0.284 10.498
Notes: All regressions a use local linear specification on both sides of the titling boundary and use trian-
gular kernel. The optimal bandwidths are in kms and are calculated using the methodology suggested by
Cattaneo et al. (2019). The observations are at the UPA level. I use boundary fixed effects, municipality
fixed effects and the size of the UPA in hectares as covariates.

Table 18: Effect of collective titling on areas of agricultural use

Agricultural Use (Share Area) Natural Forests (Share Area)
(1) (2) (3) (4) (5) (6)

Titled 0.035 0.045** 0.034* -0.040 -0.041** -0.019
(0.025) (0.020) (0.018) (0.026) (0.020) (0.018)

Bandwidth Choice Optimal Fixed Fixed Optimal Fixed Fixed
Bandwidth 5.953 10.000 15.000 5.646 10.000 15.000
Obs. Inside 1,706 2,285 3,120 1,576 2,285 3,120
Obs. Outside 80 751 1,338 73 751 1,338
Mean Dep. Var 0.741 0.714 0.711 0.225 0.240 0.240
SD Dep. Var 0.176 0.195 0.190 0.173 0.191 0.291
Notes: All regressions a use local linear specification on both sides of the titling boundary and use trian-
gular kernel. The optimal bandwidths are in kms and are calculated using the methodology suggested by
Cattaneo et al. (2019). The observations are at the UPA level. I use boundary fixed effects, municipality
fixed effects and the size of the UPA in hectares as covariates.
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Table 19: Effect of collective PRs on collective work

Collective work (=1)
(1) (2) (3)

Titled 0.114* 0.038 0.062*
(0.077) (0.053) (0.045)

Bandwidth Choice Optimal Wide Wide
Bandwidth 2.958 10.000 15.000
Obs. Inside 1,105 2,054 2,756
Obs. Outside 54 690 1,265
Mean Dep. Var 0.186 0.207 0.195
SD Dep. Var 0.390 0.405 0.357
Notes: All regressions a use local linear specification on both sides
of the titling boundary and use triangular kernel. The optimal
bandwidths are in kms and are calculated using the methodology
suggested by Cattaneo et al. (2019). The observations are at the
UPA level and I restrict my sample to farmers that cultivated in
2013. I use boundary fixed effects, municipality fixed effects and
the size of the UPA in hectares as covariates.

Table 20: Effect of collective titling on workers

Permanent workers in UPA Day Labourers in UPA
(1) (2) (3) (4) (5) (6)

Titled -2.579 -2.237 -1.508 1.070 1.069 2.641*
(4.108) (3.180) (2.275) (2.550) (2.153) (1.585)

Bandwidth Choice Optimal Fixed Fixed Optimal Fixed Fixed
Bandwidth 6.821 10.000 15.000 7.444 10.000 15.000
Obs. Inside 1,902 2,285 3,120 1,936 2,285 3,120
Obs. Outside 163 751 1,338 166 751 1,338
Mean Dep. Var 1.313 1.144 1.123 4.102 3.315 3.032
SD Dep. Var 4.817 3.632 3.447 13.211 11.660 19.139
Notes: All regressions a use local linear specification on both sides of the titling boundary and use trian-
gular kernel. The optimal bandwidths are in kms and are calculated using the methodology suggested by
Cattaneo et al. (2019). The observations are at the UPA level. I use boundary fixed effects, municipality
fixed effects and the size of the UPA in hectares as covariates.
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Table 21: Effect of collective titling on number of permanent workers from household

Workers from household
(1) (2) (3)

Titled 1.075*** 0.413** 0.446***
(0.303) (0.204) (0.195)

Bandwidth Choice Optimal Fixed Fixed
Bandwidth 3.626 10 15
Obs. Inside 763 1278 1579
Obs. Outside 37 428 826
Mean Dep. Var 2.656 2.419 2.427
SD Dep. Var 1.565 1.505 1.535
Notes: This table shows estimates of τ in specification 1. All
regressions use local linear specification on both sides of the ti-
tling boundary and use triangular kernel. I restrict the sample to
UPAs which have at least one child aged between 6 and 17 yo.
The optimal bandwidths are in kms and are calculated using the
methodology suggested by Cattaneo et al. (2019). The observa-
tions are at the UPA level. I use boundary segment fixed effects,
municipality fixed effects and the size of the UPA in hectares as
covariates.
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Appendix E Additional Results

E.1 Total Agricultural Revenue (Farm Level)

Table 22: Effect of Collective Titling on Agricultural Revenue

Total Agricultural Revenue (Mill COP) Total Agricultural Revenue (Logarithmic)
(1) (2) (3) (4) (5) (6)

Titled 22.267*** 17.836*** 12.550*** 1.016** -0.129 -0.065
(5.810) (5.161) (3.855) (0.457) (0.303) (0.250)

Bandwidth Choice Optimal Fixed Fixed Optimal Fixed Fixed
Bandwidth 8.330 10.000 15.000 5.254 10.000 15.000
Obs. Inside 2,096 2,285 3,120 1,423 2,220 3,030
Obs. Outside 319 751 1,338 64 572 1,065
Mean Dep. Var 22.158 20.061 18.031 15.434 15.279 15.217
SD Dep. Var 71.500 69.291 64.453 1.970 2.026 1.936
Notes: All regressions a use local linear specification on both sides of the titling boundary and use trian-
gular kernel. The optimal bandwidths are in kms and are calculated using the methodology suggested by
Cattaneo et al. (2019). The observations are at the UPA level. I use boundary fixed effects, municipality
fixed effects and the size of the UPA in hectares as covariates.

E.2 Do Communities with collective PRs still use informal private PRs?

As it was briefly touched on in Section 2.2 there seems to be an and illegal private land mar-

ket in collectively titled territories (Velez, 2011). In this section I try to test the reported

forms of tenancy, and whether having collective PRs reduces informal private land. For this

I use specification 1 and present results in Table 23.

Table 23: Effect of collective titling on type of land possession

Reported UPA as private property (=1) Reported UPA as collective property (=1)
(1) (2) (3) (4) (5) (6)

Titled -0.059 -0.062 0.054 0.017 0.041 0.042
(0.284) (0.122) (0.099) (0.280) (0.123) (0.103)

Bandwidth Choice Optimal Fixed Fixed Optimal Fixed Fixed
Bandwidth 3.059 10 15 3.044 10 15
Obs. Inside 1198 2355 3124 1197 2355 3124
Obs. Outside 69 746 1345 69 746 1345
Mean Dep. Var 0.472 0.477 0.444 0.493 0.457 0.428
SD Dep. Var 0.499 0.500 0.497 0.500 0.498 0.495
Notes: All regressions a use local linear specification on both sides of the titling boundary and use triangular kernel. The optimal
bandwidths are in kms and are calculated using the methodology suggested by Cattaneo et al. (2019). The observations are at the
UPA level. I use boundary fixed effects and the size of the UPA in hectares as covariates.

As Table 23 shows, there are no significant differences in the form of possession in both

titled and control territories. The mean of reported private property is very high (about

47%). Given that these territories are collective by law, private property rights must be
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informal. Therefore, columns 1 to 3 in Table 23 provide evidence that informal private PRs

may coexist with collective formal PRs. I conclude that there are no major changes in the

land, that is, informal private properties changing to collective.
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E.3 Effect of Collective PRs on Forest Crops

Table 24: Effect of Collective Titling on Forest Crops

Forest Crops: Area Share Forest Crops: Production (=1)
(1) (2) (3) (4) (5) (6)

Titled -0.294*** -0.235*** -0.156*** 0.645*** 0.715*** 0.690***
(0.068) (0.046) (0.022) (0.054) (0.094) (0.092)

Bandwidth Choice Optimal Fixed Fixed Optimal Fixed Fixed
Bandwidth 5.487 10.000 15.000 3.992 10.000 15.000
Obs. Inside 1,567 2,355 3,124 302 1,089 1,344
Obs. Outside 80 746 1,345 65 491 780
Mean Dep. Var 0.050 0.096 0.086 0.608 0.410 0.407
SD Dep. Var 0.176 0.229 0.214 0.489 0.492 0.491
Notes: All regressions a use local linear specification on both sides of the titling boundary and use
triangular kernel. The optimal bandwidths are in kms and are calculated using the methodology suggested
by Cattaneo et al. (2019). Observation are at the UPA or farm level for columns (1) to (3) and at the
forest crop level in columns (4) to (6). The outcome variable Production(=1) equals 1 if a forest crop is
for production and 0 if it is for preservation (see Appendix A for more information on the variables). I
use boundary fixed effects, municipality fixed effect, and the size of the UPA in hectares as covariates.

E.4 Community Councils help with the provision of services

Table 25: Effect of Collective Titling on Electricity Services in Agriculture

Electricity for production (generators)
(1) (2) (3)

textbfTitled 0.118** 0.115*** 0.118***
(0.061) (0.068) (0.048)

Bandwidth Choice Optimal Wide Wide
Bandwidth 7.364 10 15
Unit of Obs. UPA
Obs. Inside 1955 2385 3199
Obs. Outside 176 766 1372
Mean Dep. Var 0.075 0.077 0.069
SD Dep. Var 0.264 0.267 0.254
Notes: All regressions a use local linear specification on both sides
of the titling boundary and use triangular kernel. The optimal
bandwidths are in kms and are calculated using the methodology
suggested by Cattaneo et al. (2019). The observations are at the
UPA level. I use boundary fixed effects and the size of the UPA
as covariates.
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